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REVIEW ARTICLE

Towards a systems approach to built asset safety: challenges 
and an agenda
Mustafa Selçuk ÇIDIKa and Mikela Chatzimichailidoub

aThe Bartlett School of Sustainable Construction, University College London, London, UK; bDepartment of 
Civil, Environmental and Geomatic Engineering, University College London, London, UK

ABSTRACT  
The safety of built assets is critically important, yet it is often 
approached in construction research and practice through a 
narrow lens focused on technical compliance and procedural risk 
mitigation. This contrasts with contemporary safety science, 
which frames safety as an emergent, system-level outcome 
shaped by complex socio-technical interactions. To address this 
gap, this paper introduces the Integrated Systems Approach to 
Lifecycle Safety as a conceptual foundation for construction 
professionals to rethink how safety is conceived and managed 
throughout the lifecycle of built assets. Drawing on literature in 
systems integration, the paper critiques the current delivery- 
oriented focus of integration practices that reinforce 
compartmentalisation and limit cross-system coordination. 
Integrated Systems Approach to Lifecycle Safety is not presented 
as a prescriptive framework but as a directional concept 
encouraging a more holistic, adaptive approach to safety. The 
paper identifies 23 non-exhaustive interrelated challenges across 
five types of integration templates – product, lifecycle, regulatory, 
contractual, and digital – grouped into three intersecting 
domains: conceptual orientation, practical orientation, and 
capabilities. These domains are proposed as critical areas for 
collective action, offering a foundation for future research, 
practice, and policy that reframes safety as a dynamic and 
continuously assured system-level concern.
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1. Introduction

Understanding the lifecycle of built assets requires attention to the complex web of inter
actions they involve. On one hand, design, delivery, operations, maintenance, and decom
missioning involve coordination among numerous social actors and technological 
components. On the other hand, once delivered, these assets interact with, and 
become part of, the built environment, which plays a major role in shaping the wider 
physical and social environments. Thus, the challenges associated with grasping and 
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managing the lifecycle of built assets, as well as their relationship with natural, social, and 
operational environments, have been ongoing areas of academic, policy, and practitioner 
interest (Bijker, Hughes, and Pinch 1987; Jasanoff 2004; Kordi, Belayutham, and Che 
Ibrahim 2021; Koskela 2008; Noktehdan et al. 2019).

Given this complexity and diversity, ‘safety of a built asset’ has multiple facets and 
meanings. Different research traditions emphasise different facets of safety: some focus 
on occupational health and safety (OHS) during construction; others examine design- 
stage interventions through Design for Safety (DfS) (Ibrahim et al. 2022; Samsudin et al. 
2022) or Prevention through Design (PtD) (Schulte et al. 2008); while others address 
safety in use, including fire safety, structural robustness, or the safety implications of inter
actions between built assets and their wider natural and social environments. These per
spectives have generated valuable insights but remain largely siloed, each addressing 
specific lifecycle stages, stakeholder groups, or technical components, without account
ing for how different safety concerns interact or shape one another over time. This frag
mentation creates conceptual and practical challenges for understanding and managing 
the safety of built assets in a comprehensive way. Recent tragedies such as the fire at the 
Grenfell Tower in the UK and the collapse of the Morandi Bridge in Italy, among others, 
once again demonstrated that safety of built assets needs to be understood and dynami
cally managed as a system feature and a fundamental framing requirement. This is 
needed to properly address the safety of built assets while recognising the (1) complexity 
and uncertainty involved in their lifecycle, and (2) their embeddedness in wider natural, 
social and operational environment.

An influential conceptual response to grasping and working with the lifecycle com
plexity of the built assets has been the application of systems engineering principles 
(Watson 2019). This sees construction projects as an endeavour of system delivery and 
argues for an understanding of the built asset as a system that interacts with and is 
embedded within broader environmental, social, and operational systems, forming a 
system-of-systems (ICE 2020; Locatelli, Mancini, and Romano 2014; Whyte 2018). A key 
concept that has emerged in this literature is ‘systems integration’, which is now con
sidered a key part of construction project management, particularly for complex projects 
such as large infrastructure projects (IPA 2021; Whyte and Davies 2021; Whyte, Davies, and 
Sexton 2022). The concept of systems integration highlights the importance of inter
actions between new and pre-existing natural, built, and operational systems, and 
emphasises the need to design, deliver, and combine multiple individual systems to func
tion as one all-encompassing system of systems (IPA 2021).

However, the application of the notion of systems integration has mainly remained 
focused on technical/technological aspects and primarily aimed at assuring the delivery 
of project outputs and the associated costs. In this formulation, safety is side-lined as a 
matter of technical compliance with fragmented regulations across the built asset life
cycle, rather than being addressed as a dynamic challenge requiring coordination 
across interconnected technical and organisational systems, as suggested by contempor
ary safety science literature (e.g. Oginni et al. 2023; Patriarca et al. 2018; Woods 2015). This 
narrow framing limits the ability of project professionals to recognise and act upon the 
lifecycle implications of their decisions for the long-term safety of built assets.

This paper introduces an Integrated Systems Approach to Lifecycle Safety (ISALS) as a 
conceptual foundation that adopts the perspective of construction project professionals 
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and proposes how safety can be understood, coordinated, and assured across the full life
cycle of built assets. ISALS treats safety as a continuous concern emerging both from the 
interactions involved in the delivery of the built asset and from its operation within wider 
natural, social, and operational environments. ISALS recognises that the safety of built 
assets cannot be ensured through fragmented compliance or technical processes alone, 
and that project professionals must coordinate more effectively with the technical, organ
isational, and social actors involved across the lifecycle to support safer system outcomes. To 
enable such an approach, systems integration must evolve beyond a narrow focus on tech
nical delivery to incorporate lifecycle continuity and the alignment of diverse responsibil
ities, perspectives, and interfaces that shape safety outcomes. Drawing on Whyte and 
Davies (2021) process perspective, which emphasises emergent complexity and uncertainty, 
the paper examines the conceptual and practical challenges that arise when seeking to 
embed this systems-oriented understanding of safety into construction practice.

While systems approaches have been applied within construction OHS research, they 
typically centre on the work system of those undertaking physical construction or main
tenance tasks. In contrast, ISALS – and the argument presented here – focus on the safety 
of the built asset itself once delivered and throughout its lifecycle. This relates to its 
design, construction, operation, adaptation, and end-of-life phases, as well as its inter
actions with wider natural, built, and operational environments. The perspective 
adopted is that of project professionals, whose decisions play a central role in shaping 
asset-level safety outcomes. Although safety is ultimately co-produced by multiple 
actors (e.g. users, regulators, operators), the paper focuses on the levers of intervention 
available to project professionals within this broader context.

The aim of the paper, therefore, is to conceptualise a systems-oriented, lifecycle- 
focused approach to the safety of built assets grounded in the perspective of project pro
fessionals. The paper identifies the limitations of current systems integration practices in 
supporting such an approach and offers ISALS as a directional concept and accompanying 
research agenda for enabling lifecycle safety in construction. The focus is explicitly on the 
safety of built assets, rather than solely on occupational health and safety during con
struction activities.

The paper addresses the following research questions: 

– What are the key considerations and challenges for construction professionals in achiev
ing an ISALS?

– How can systems engineering principles and systems integration practices help con
struction professionals in achieving ISALS?

– What are the challenges of, and ways forward for, incorporating safety into the existing 
processes and practices of systems integration in construction to enable ISALS?

While ISALS is not presented as a fully developed framework, the paper provides a 
structured conceptual basis for rethinking how safety is integrated within systems engin
eering and systems integration practices. By critically examining existing integration tem
plates and practices and highlighting their limitations in addressing safety as a lifecycle- 
wide concern embedded within broader contexts, the paper seeks to reposition safety as 
a dynamic and continuous objective throughout the lifecycle of built assets. In doing so, 
ISALS serves as a directional conceptual foundation – a starting point for future empirical, 

CIVIL ENGINEERING AND ENVIRONMENTAL SYSTEMS 3



methodological, and policy work aimed at embedding lifecycle safety more effectively in 
the conception, delivery, and operation of built assets.

Bridging existing safety-related observations and the systems integration literature, 
this paper makes a threefold contribution. First, it conceptualises lifecycle safety of 
built assets through the ISALS perspective, framing safety as a property shaped by inter
actions and dependencies across the full asset lifecycle. Second, it extends current under
standings of systems integration by identifying the limitations of prevailing practices for 
ensuring lifecycle safety and outlining how technical, organisational, and social dimen
sions might be more effectively aligned to co-produce safety across complex construction 
projects. Third, it provides guidance for project professionals and offers a directional 
concept and research agenda to inform future empirical, methodological, and policy 
work on lifecycle safety of built assets.

In the remainder of the paper, we first introduce the notions of systems engineering 
and systems integration with a focus on their application in the construction context. 
We then establish the theoretical framework of the paper and argue that systems inte
gration could help construction professionals in achieving ISALS. The subsequent 
section explores the shortcomings of the existing templates of systems integration in sup
porting ISALS. Finally, based on these challenges, we develop an outline agenda to guide 
future academic, practical and policy efforts for moving towards ISALS in construction.

2. Systems engineering and systems integration in the construction 
context

Systems engineering emerged from the need to deliver complex projects in the USA mili
tary and aerospace industries (Johnson 1997). According to the theoretical foundation of 
systems engineering, the whole is more than the sum of its parts (Dekker, Cilliers, and 
Hofmeyr 2011). Practically, this means that attention should be given to making constitu
ent parts of systems function cohesively (Whyte and Davies 2021), as the success of a 
system can only be determined in the context of the whole (Leveson 2016). The 
‘whole’ comprises the relationships between sub-systems and components that should 
work together towards a common purpose. It is this need for coherence between con
stituent parts of a system that makes systems integration a key consideration.

The notion of systems integration arose early in the twentieth century through work on 
systems engineering. Following World War II, the world’s first dedicated systems integra
tor firm, Ramo-Wooldridge Corporation in California, USA, worked across organisational 
boundaries on the Atlas missile defence project, coordinating contractor activities and 
integrating the development of sub-systems (Mahnken 2008). Since its early days, 
systems integration has been defined and studied in various ways. According to the 
SEBoK (2021), systems integration consists of taking delivery of the implemented 
system elements, assembling these elements together, and performing verification and 
validation actions during the assembly. Systems integration is part of the realisation 
effort and relates specifically to developmental items (SEBoK 2021). The integration 
process aims to synthesise system elements into a realised system (product or service) 
that satisfies system requirements, architecture, and design (ISO/IEC/IEEE 15288: 2015). 
Thus, systems integration ensures individual system elements function coherently as a 
whole and satisfy system design characteristics (SEBoK 2021).
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The growing interest in systems integration in construction is closely tied to the 
increasing complexity and unpredictability of major projects (Flyvbjerg 2017; Whyte 
and Davies 2021). As built assets become more technologically sophisticated and socially 
embedded, their delivery involves a wider range of interdependent systems, stakeholders, 
and environments. In response, systems integration has gained prominence as a strategy 
for coordinating these elements to ensure that projects function coherently, not just at 
the point of delivery, but across their entire lifecycle. Organisations such as the UK’s Insti
tution of Civil Engineers (ICE) and the Infrastructure and Projects Authority (IPA) have pro
moted systems integration as essential to achieving reliable performance in infrastructure 
projects. It involves aligning and combining multiple subsystems into a unified whole and 
ensuring their incorporation into broader system-of-systems environments (SEBoK 2021; 
Whyte 2018). This need has been evident in projects such as Heathrow Terminal Five, 
Crossrail, and High Speed rail 2, where integration challenges led to serious disruptions 
and late-stage issue detection (Whyte, Davies, and Sexton 2022).

Crossrail, for instance, exemplifies systems integration in construction, as the project’s 
performance and operational outcomes depended heavily on decisions made during the 
construction stage. Coordination of tunnelling, track installation, signalling, power supply, 
ventilation, fire safety, and station facilities – including their respective teams – had to 
ensure that these systems would function seamlessly once the line became operational. 
For example, the placement of mechanical and electrical systems during construction 
affected passenger flow, safety responses, and reliability in daily operations. The line’s 
overall safety, efficiency, and performance emerged from the careful integration of 
these interconnected systems and the choices made during construction, highlighting 
how early decisions and understanding of the end product shape long-term operational 
success of the built asset.

As projects grow in scale and complexity, with increasing numbers of components, 
interfaces, and organisational actors (Shenhar and Dvir 2007), they also face heightened 
uncertainty driven by technological change, market volatility, and shifting societal expec
tations (Brady and Davies 2014; Lenfle and Loch 2010). Whyte and Davies (2021) argue 
that systems integration helps manage these dynamics through structured coordination 
across boundaries, using mechanisms such as interface management, defined roles, and 
collaborative practices.

Although applying systems integration in construction has become mainstream, the 
majority of literature primarily targets enhancing delivery performance, operability and 
profitability (e.g. Denicol, Davies, and Krystallis 2020; Whyte 2016; Whyte and Davies 
2021). However, beyond these aspects, safety is a fundamental system property that 
also demands attention. Existing safety research in construction predominantly focuses 
on OHS during asset delivery, neglecting a holistic view of built asset safety across 
design, delivery, and operations. Ensuring the operational safety of infrastructure is 
vital for maintaining essential services, protecting people and environments, and support
ing broader social, technological, and economic developments (Dunn and Gonzalez- 
Otalora 2021). Tragedies such as the Grenfell Tower fire illustrate the need to consider 
high-risk buildings as complex systems to understand and manage their safety appropri
ately during their operations (Çıdık and Phillips 2021; Hackitt 2018). Hence, systems inte
gration, through its integrated approach to system design, delivery, and operations, offers 
a promising conceptual foundation for ISALS for construction professionals.
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3. Reframing safety as a system-level outcome in systems integration

Despite its importance, safety has remained largely marginal in systems integration dis
course within construction and project management, where emphasis often lies on tech
nical coordination and timely project delivery. At the same time, approaches that 
integrate safety considerations into the design phase of construction projects, such as 
DfS and PtD (Ibrahim et al. 2022; Samsudin et al. 2022; Schulte et al. 2008), primarily 
aim to protect workers by reducing or eliminating hazards before construction begins. 
They emphasise early risk identification, which can also indirectly benefit public and oper
ational safety, however, they have several limitations in the argument presented herein. 
They are often resource-intensive, depend on previous similar experience, and require 
accurate hazard identification, which can be incomplete in complex or novel projects. 
Their primary focus on occupational safety can overlook broader systemic, societal, or 
environmental risks, and they tend to adopt a linear (i.e. cause–effect), project-centric per
spective that may fail to account for interactions across processes, supply chains, and 
organisational systems. Moreover, novel construction methods, materials, and digital 
technologies can introduce unforeseen hazards and emergent risks that cannot be fully 
anticipated, limiting the effectiveness of DfS and PtD in addressing uncertainties inherent 
in complex and innovative construction projects. For instance, from a DfS perspective, the 
Grenfell Tower fire in the UK highlights the limits of focusing solely on safety during the 
design phase. While DfS seeks to minimise hazards through planning and specifications, 
the disaster emerged from a complex interplay of factors beyond design alone, including 
construction practices, later material choices, regulatory failures, supply chain omissions, 
and organisational decision-making. This demonstrates that ensuring safety requires a 
holistic, whole lifecycle approach rather than relying on design interventions in isolation.

Hence, safety is not an isolated attribute or outcome that can be engineered indepen
dently; it is an emergent property of socio-technical systems. It arises from the dynamic 
and interdependent interactions between technical components and organisational 
actors, rather than being confined to individual parts (Oginni et al. 2023; Patriarca et al. 
2018; Woods 2015). The safety of built assets, in particular, as an emergent property, 
arises from the combined interactions among design, technology, operations, and 
human behaviour, rather than from any single component or system. This understanding 
aligns with the concept of ‘emergent complexity’, as developed by Whyte and Davies 
(2021), which describes how construction projects exhibit non-linear, path-dependent 
behaviours that evolve unpredictably over time. For example, a non-linear behaviour 
could manifest when a minor delay in material delivery cascades into replacement of 
that material without enough due diligence due to already happened scheduling pro
blems, thus creating safety risks. Path-dependent behaviour, on the other hand, may 
result from early design choices or construction methods that establish constraints, 
thereby limiting flexibility of design or occupational choices in later stages of the built 
asset lifecycle. Fragmented and interdependent project phases – design, manufacture, 
installation, operation – introduce significant technical complexity, while diverse and dis
tributed actors create organisational complexity. When these dimensions intersect, the 
safety performance of a built asset becomes non-deterministic, shaped by interactions 
across system boundaries (Allocco 2010; Perrow 1984; Reason 1997). Safety science, par
ticularly systems-oriented traditions (Leveson 2016; Rasmussen 1997), highlights the need 
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to address this complexity by embedding safety into both technical and organisational 
coordination from the outset and across the lifecycle.

In this context, emergent uncertainty refers to the extended, dynamic, and unfolding 
nature of both project delivery and the operational lifespan of built assets. The challenge 
of anticipating short-term outcomes in construction projects – and long-term conse
quences in asset operation – stems from these layers of technical and organisational 
uncertainty. The near-term uncertainties around project delivery are well documented 
in construction research, encapsulated in the idea that ‘project information is never com
plete until the project is completed’ (Winch 2006). Yet, beyond the delivery horizon lies a 
second, longer-term uncertainty that surrounds the asset’s operational future. Societal 
shifts, environmental change, market volatility, and technological advancements contrib
ute to this longer-term emergent uncertainty (Whyte and Davies 2021), compounding the 
complexity of making robust, forward-looking safety decisions. These dynamics directly 
influence the ability of a project to stay aligned with its intended goals, particularly 
long-term safety performance. Addressing both types of uncertainty together is essential 
to ensure safe operation across the evolving configuration of built assets and the systems 
they interact with.

Nevertheless, the ongoing nature of technological and organisational uncertainty pre
sents a profound challenge to ensuring safety across the lifecycle of built assets. A recur
ring theme in safety science is that safety depends on continuous learning. Diverse 
strands of safety research, ranging from standardisation and benchmarking to accident 
investigation and near-miss analysis, emphasise the importance of learning from the 
past to manage future risks. However, in contexts marked by emergent uncertainty in 
both project delivery and asset operation, the capacity to extrapolate from past events 
becomes inherently limited. This presents a major barrier to maintaining safety over 
time. Empirical research in occupational safety in construction reinforces this issue, 
with numerous studies highlighting how rapidly changing physical and organisational 
conditions on construction sites hinder efforts to maintain safe practices (Sherratt and 
Ivory 2019). Although some researchers have conceptualised safety as a dynamic and 
adaptive phenomenon, they have not yet addressed the specific implications of emergent 
uncertainty as it manifests in construction systems over time.

While emergent complexity and uncertainty are analytically distinct, they are deeply 
interconnected. Complex interactions can result in delayed or unanticipated effects, 
increasing uncertainty, while uncertain conditions often drive the need for flexible 
system configurations, adding further complexity. Systems engineers, in responding to 
future unpredictability, often introduce such configurations, inadvertently amplifying 
system complexity. Understanding the interplay between these forces is essential for 
rethinking systems integration as a tool for safety. In this context, ISALS becomes vital; 
one that explicitly integrates complexity and uncertainty into how safety is conceived, 
planned, and managed throughout the built asset lifecycle.

4. Challenges of considering safety in systems integration

As outlined in the previous section, current approaches to systems integration address 
emergent complexity and uncertainty primarily through structural coordination mechan
isms. However, these efforts have not meaningfully incorporated safety as a system-level 
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concern. In this section, we argue that existing templates and practices of systems inte
gration – developed to address emergent complexity and uncertainty in construction pro
jects – have been predominantly shaped by goals related to delivery performance, 
operability, and profitability. As a result, safety has not been a central concern in 
systems integration practices within construction; the gap that we are prioritising and 
aim to address in this work. Following a brief clarification of our use of the notions of ‘tem
plates’ and ‘practices’ in this context, we discuss their inadequacy in enabling an ISALS. 
This sets the foundation for theoretical and practical improvements, which we further 
explore in the discussion section.

4.1. Templates and practices in systems integration

Appropriate simplification rules and structures are essential to systems integration. These 
enable organisations to manage emergent complexity and uncertainty (Whyte and Davies 
2021; Sull and Eisenhardt 2015). Such rules are embedded in engineering and project 
management, where technical and organisational complexities intersect. For example, 
construction projects make extensive use of breakdown structures – work breakdown 
structures, cost breakdown structures, and organisation breakdown structures – that 
offer simplified and decomposed views of construction activities, financial flows, and 
roles and responsibilities. While these templates do not resolve emergent uncertainty 
on their own, they provide a baseline for understanding and navigating complexity 
(Whyte and Davies 2021). In this paper, we define ‘templates of systems integration’ as 
simplifying structures and rules that support technical and organisational coordination 
across construction projects.

However, the application of these templates is rarely straightforward. Engineering and 
project management studies have shown that practitioners often adapt and evolve tem
plates in practice to respond to unfolding complexity (e.g. Brusoni and Prencipe 2001; 
Henderson and Clark 1990). For example, knowledge structures are rarely linear and 
evolve through a dynamic entanglement of product and organisational elements 
(Frigant and Talbot 2005). Similarly, shared temporal templates, though used to structure 
integration activities (Whyte and Davies 2021; Orlikowski and Yates 2002), are often con
tested and reshaped by different actors (McGivern et al. 2018). Therefore, in what follows, 
we examine how product, organisational, temporal, regulatory, contractual, and digital 
templates and their associated practices pose challenges for incorporating safety into 
systems integration. We argue that current templates and practices of systems integration 
are not fit for enabling ISALS, and thus integrating safety as a system-level outcome 
requires rethinking these structures and their use in practice.

4.2. System modelling templates and coordination practices

4.2.1. Breakdown structures and task coordination
Breakdown structures are commonly used in the design and delivery of construction pro
jects to decompose both the technical product and the organisational arrangements. 
Technological systems, as well as how they can be delivered and operated, are typically 
conceptualised through such structures. However, within current practices, it remains 
unclear and unstandardised which breakdown structures (e.g. work, function, contract) 
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are used by safety professionals to ensure the safety of the built assets being designed 
and delivered. While prior literature on systems integration has explored how breakdown 
structures coordinate design, delivery and operational tasks (Whyte and Davies 2021; 
Whyte, Davies, and Sexton 2022), to the authors’ knowledge, these structures have not 
been evaluated in terms of how they support coordination of safety across the technical, 
organisational, knowledge, or lifecycle boundaries in construction projects.

Existing breakdown structures emphasise compartmentalisation, underpin risk identifi
cation (as opposed to risk assessment), and tend to reinforce a blame culture. In essence, 
compartmentalisation shifts attention away from the whole and toward the parts, limiting 
the identification of causal scenarios that emerge across system interactions. This 
obstructs early elimination and control of potential loss events. These structures are 
rooted in reductionism, which contradicts the systems-based view of safety as a 
system-level outcome; one that cannot be assessed through isolated analysis of com
ponents or reassembled from part-level evaluations (Leveson 2016). This component- 
based thinking reinforces narrow, outdated assumptions about causality, such as linear 
cause–effect chains or single points of failure, thereby promoting a culture of blame 
rather than one of systemic learning. Although breakdown structures help identify and 
assign risk ownership, they do so in a fragmented manner and do not inherently prioritise 
mitigation. Moreover, they are poorly suited to capturing the non-linear and interface- 
driven nature of risks in complex socio-technical systems. Existing risk quantification 
methods, which rely on isolated component probabilities and assumptions of indepen
dence, fail to account for software issues, interaction effects, and the cognitive and organ
isational factors that contribute to accidents (Leveson 2016). Thus, current systems 
integration practices do not adequately reflect the complexity of safety of built assets 
as a system-level outcome.

One of the key challenges of systems integration in construction is managing the use 
of fixed breakdown structures while the project definition and scope are still evolving. It is 
particularly difficult to understand and manage how design decisions and changes will 
impact the performance of the project as a whole, especially in complex projects 
(Whyte, Stasis, and Lindkvist 2016). This complexity is compounded by the involvement 
of numerous specialists, who are responsible for different parts of the design and often 
operate under different organisational umbrellas with differing perspectives and priori
ties. It is only through continuous coordination and collaboration that these specialists 
can ensure the evolving design meets project requirements (Whyte and Davies 2021). 
However, safety remains a distinct and under-addressed concern within design develop
ment and change management processes. In most cases, safety is not expressed as a 
primary design goal or requirement. It is typically treated as a matter of regulatory com
pliance, with a focus either on component-level safety (e.g. ensuring the safe operation of 
a power generator) or sub-system safety (e.g. a heating system), depending respectively 
on manufacturer specifications and building codes (Çıdık and Phillips 2021). As a result, 
ongoing collaboration and coordination around design development rarely centre on 
optimising safety as a system-level outcome, and safety requirements are usually 
treated as secondary concerns to be addressed after operational key performance 
targets have been defined. In addition to these challenges, safety integration is also con
strained by how lifecycle phases are structured and coordinated across time which we 
discuss in the next section.
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4.2.2. Lifecycle templates and lifecycle coordination practices
Integration across different lifecycle phases remains a well-recognised challenge in con
struction. The most extensively studied disconnect is between the design and construc
tion phases, where divergent priorities and fragmented responsibilities undermine 
performance and coordination. Collaborative approaches such as relational contracting 
(Chan, Chan, and Yeung 2009) and early contractor involvement (Mosey 2009) have 
emerged to address these issues. More recently, lifecycle-focused initiatives such as 
‘soft landings’ (BSRIA 2018) and the ‘golden thread of digital information’ (Chatzimichai
lidou and Ma 2022; Mêda, Sousa, and Hjelseth 2020) have aimed to strengthen continuity 
between delivery and operational phases. The Grenfell Tower tragedy starkly demon
strated the dangers of failing to integrate safety meaningfully across the lifecycle, particu
larly at the interface between delivery and operations (Hackitt 2018). However, even these 
efforts tend to prioritise delivery performance and benefits realisation, while treating 
safety in linear and procedural terms, often focused on record-keeping rather than sys
temic risk management (Çıdık and Phillips 2021). Although there has been some interest 
in integrating OHS at early design stages (e.g. Ibrahim et al. 2022), this typically pertains to 
the safety of construction work environments rather than to the long-term safety of the 
built asset itself. As a result, there remains no sustained line of sight for safety across the 
full lifecycle of the asset, from design and construction through to operation and eventual 
decommissioning.

Therefore, one of the core issues in current systems integration practices is the limited 
and delayed consideration of safety within lifecycle planning templates, as well as the 
misalignment between system delivery and operations, where safety is often interpreted 
inconsistently. Construction projects typically use lifecycle templates that segment the 
project into discrete stages, but these templates rarely treat safety as a primary 
concern at the outset. It remains common for safety analysis to be introduced late, for 
example, through a hazard list requested by the client after design options have 
already been selected. This reflects a broader tendency to treat safety as a compliance 
item, rather than as a design and integration priority. When safety is eventually con
sidered later in the project lifecycle, it is often based on templates and tools that are mis
aligned with those used in system delivery and integration (Oginni et al. 2023). This 
introduces inconsistencies in how hazards are identified, how safety requirements are 
generated, and how these are managed across technical and organisational interfaces.

Meanwhile, systems integration in construction increasingly involves connecting indi
vidual projects with broader systems of systems. Built assets, such as railway lines, data 
centres, or housing developments, must function not only as standalone systems, but 
also as components within wider infrastructure, mobility, social, and ecological systems. 
Yet current systems integration practices do not frame safety as an emergent and evol
ving concern across these broader configurations. Instead, safety is often reduced to a 
matter of regulatory compliance at a small number of operational touchpoints. This 
static view limits the ability to anticipate and manage the dynamic risks associated 
with long-lived and interconnected systems. This is particularly problematic given the 
inherent uncertainty in how systems of systems will evolve. Built assets are shaped by 
– and shape – broader environments whose requirements and risks shift over time due 
to technological, social, regulatory, and environmental change. What is considered safe 
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today may not be sufficient tomorrow. Ensuring long-term safety thus requires a more 
adaptive and future-facing approach to integration, one that can account for changing 
expectations, emerging hazards, and evolving interdependencies.

However, the safety implications of these evolving systems are often poorly under
stood. In many cases, they are only discovered after incidents occur. A central barrier 
to addressing this proactively is the limited availability of capabilities, knowledge, and 
tools needed to anticipate future safety needs. Because safety is often learned through 
past experience, the uncertainty of future systems contexts makes it difficult to define 
safety requirements in advance. Recognising this challenge is essential for enabling an 
ISALS. It highlights the need for continuous development of safety-related competencies 
and knowledge practices that can evolve alongside system conditions and societal expec
tations. Finally, given the likelihood of abrupt and non-linear changes to the operating 
context of built assets, driven by climate change, political disruptions, or economic 
crises, it is essential that built assets are designed and integrated to remain safe under 
new and unforeseen conditions. This aligns with the notion of resilience but shifts the 
emphasis from post-disaster operational recovery to the ongoing preservation and adap
tation of safety across complex and uncertain system lifecycles (Bosher 2008; Murtagh, 
Scott, and Fan 2020).

4.3. Regulatory templates and practices

The current regulatory system in construction is highly complex, involving multiple over
sight bodies, routes to compliance, duty holders, and overlapping legislative frameworks. 
In practice, this system often reinforces a fragmented approach to safety, aligning regu
lations with specific trades, disciplines, or asset components. This siloed structure makes it 
difficult to understand or manage the systemic consequences of design or operational 
decisions, an issue starkly illustrated by the Grenfell Tower fire (Hackitt 2018). The 
tragedy underscored the need for a regulatory approach that treats the built asset as a 
complex system, not just a collection of isolated parts. To address these challenges, a 
shift toward a performance-based regulatory regime has been proposed. Such an 
approach moves beyond prescriptive, component-level rules and aims to support more 
integrated, outcome-focused safety practices (Barua, Gao, and Mannan 2016). This 
would also allow for greater responsiveness to innovation and changing technologies. 
However, current efforts in this direction are constrained by a widespread lack of 
system safety competence among construction professionals (Spinardi and Law 2019). 
Bridging this gap would require not only regulatory reform but also substantial invest
ment in developing professional capacity and systems thinking across the sector.

A further limitation of existing regulation is its stage-specific orientation. Most frame
works focus on individual lifecycle phases, such as design, construction, or occupancy, 
without providing a structure for managing safety across the full lifecycle of a built 
asset. An important exception is the work by Meacham and van Straalen (2018), who 
examine the building regulatory regime as a socio-technical system and identify the 
broad institutional, cultural, and professional shifts required to support more integrated 
approaches to safety. Their work offers a foundation for imagining how a lifecycle- 
oriented, systems-based regulatory model could function in practice. Another major 
concern is the lack of attention to equitable safety outcomes. High-profile events such 
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as the Grenfell fire have revealed how residents from less privileged backgrounds, particu
larly those in social housing, are disproportionately affected by systemic safety failures 
(Hernández, Moghadam, and Lombardi 2024). These disparities also extend to operational 
and maintenance staff, whose working conditions are often overlooked during the design 
process, leading to avoidable safety hazards once the asset is in use (Samsudin et al. 2022). 
These examples underscore a broader concern: current regulatory frameworks do not 
adequately address the unequal ways in which different user groups interact with and 
are affected by built assets over time.

A systems integration perspective that places safety at the centre of regulatory tem
plates and practices would therefore require a fundamental shift. Rather than regulating 
for an ‘average’ user or fixed scenarios, such a perspective would involve identifying and 
addressing user needs, system interactions, and emergent risks across the asset lifecycle 
holistically. This implies a more inclusive, adaptive, and forward-looking approach to 
regulation, one that is capable of supporting safety as a system-level outcome.

4.4. Contractual templates and practices

Contractual templates in construction projects are closely aligned with existing break
down structures and regulatory frameworks. Typically, contracts reflect the decompo
sition of work into packages and mirror regulatory roles and responsibilities, such as 
those defined under the UK Construction (Design and Management) Regulations 2015 
(Health and Safety Executive 2015). While this approach brings clarity to deliverables 
and legal accountability, it also reinforces the fragmented logic of project delivery, treat
ing the built asset as a set of isolated outputs rather than an integrated system nested 
within system-of-systems. A key limitation of this model is that, while safety is typically 
addressed in contracts through compliance-based obligations – particularly in relation 
to OHS – it is rarely framed as a systemic performance objective or as an integrated 
design requirement for the built asset itself. Contracts generally focus on what is to be 
built, not how emergent system properties, such as safety, are to be achieved and 
assured across the lifecycle. As a result, holistic safety considerations often fall outside 
the defined scope of work packages and are not embedded in contractual expectations 
or project-wide performance criteria. This limited framing allows important system 
safety aspects to be marginalised or deferred. When safety concerns do arise, they fre
quently lead to contractual tension, requiring changes that introduce delay, cost, or 
conflict. The result is a project structure that prioritises the so-called ‘iron triangle’ of 
time, cost, and specification compliance, often at the expense of broader goals such as 
operational resilience, learning, or the safe functioning of the asset over time.

The distinction between OHS and built asset safety is important here. While OHS is typi
cally well-accounted for in contracts through clear, role-based accountability structures, 
system-level asset safety is not. Unless explicitly required by the client, roles responsible 
for asset-level safety tend to emerge informally and late in the process, often after tech
nical disciplines determine that safety must now be addressed. These roles are typically 
temporary, interpreted differently across projects, and shaped by the internal norms of 
each contractor, rather than formalised through standardised contracts. This lack of con
tractual clarity is also reflected in how safety is analysed and assured. In most cases, the 
methods for conducting safety analysis are not defined in contractual terms. Instead, 
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subject matter experts rely on generalised hazard lists and past experience to guide their 
assessments. For example, generic hazard lists such as those provided by the UK Rail 
Safety and Standards Board (RSSB 2023) offer a starting point but focus primarily on 
known, isolated hazards. They are less effective at identifying risks that arise from 
system interactions or from the integration of human, organisational, and technical 
elements. Safety analysis outputs are typically captured in spreadsheets and reports 
and returned to clients as standalone documentation, such as hazard logs or safety 
requirement lists. This manual, siloed process makes integration, traceability, and assur
ance difficult and resource-intensive (Oginni et al. 2023).

From a systems integration perspective, these limitations are significant. Contracts 
shape how responsibilities are distributed, how design and delivery are coordinated, 
and how success is measured. When holistic safety is not embedded in the contractual 
logic of the project, it remains peripheral, often reliant on individual expertise, informal 
coordination, or late-stage documentation. This highlights a broader challenge: contrac
tual obligations tend to focus on regulatory compliance rather than on the integration of 
safety as a system-level outcome that needs to be approached from a lifecycle perspective 
and designed, coordinated, and assured across organisational boundaries and lifecycle 
stages.

4.5. Digital templates and practices

The digitalisation of construction has been widely promoted as a way to improve coordi
nation, decision-making, and lifecycle integration, particularly during the design and 
delivery phases, through enhanced information management (Chatzimichailidou, 
Whitcher, and Suzic 2024; Çıdık and Boyd 2022). Central to this effort are ideas such as 
the ‘single digital source of truth’, which aim to ensure consistency and traceability 
across fragmented teams and systems. These concepts are often associated with better 
delivery and operational outcomes, and increasingly, with improved safety, particularly 
through real-time monitoring, simulation, and compliance tracking. However, the 
primary focus of digital safety tools to date has been on OHS. While these applications 
offer valuable functionality, such as hazard detection and behavioural tracking, they 
remain narrowly focused and reinforce a fragmented, task-specific view of safety. As 
such, they do little to support safety as a system-level outcome that emerges over time 
from the complex interactions of technical, organisational, and human systems.

One of the few digital initiatives aimed explicitly at lifecycle safety – the ‘golden thread 
of digital information’ – gained visibility in the aftermath of the Grenfell Tower fire, where 
breakdowns in safety accountability and information continuity were central concerns 
(Hackitt 2018). The golden thread aspires to provide a continuously updated digital 
record of safety-related decisions, design rationales, and risk assessments across the 
asset lifecycle. While this ambition is promising, its implementation remains limited and 
inconsistent. More fundamentally, it faces a persistent challenge: the gap between infor
mation availability and meaningful communication. As Çıdık and Phillips (2021) argue, the 
presence of a digital record does not guarantee that information will be interpreted, acted 
upon, or shared effectively, especially in fragmented or adversarial project environments. 
This issue is amplified when complex, context-specific knowledge is reduced to structured 
data formats. Codification can strip away the nuance needed for interpretation, 
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particularly across disciplines or at human – machine interfaces (Çıdık, Boyd, and Thurair
ajah 2017). Although structured digital environments offer traceability, they often lack the 
flexibility to support the situated, interpretive practices necessary for systemic safety 
coordination.

From the perspective of an ISALS, this points to a critical limitation in current digital 
integration efforts. Safety is not only about what information is captured, but how it is 
interpreted, shared, and acted upon across organisational and temporal boundaries. 
While digitalisation holds clear potential, its value for ISALS ultimately depends on how 
well it is embedded within collaborative, adaptive, and meaning-making project and 
operational practices, not just its technical capacity for data storage or traceability.

4.6. Consequences of template limitations

The limitations of current systems integration templates are not merely theoretical con
cerns; they have real-world consequences. When these templates fail to support safety 
as a system-level, lifecycle-spanning concern, they can contribute to the emergence of 
serious risks that remain undetected or unmanaged until it is too late. The following 
examples of the Grenfell Tower fire and the Morandi Bridge collapse illustrate how the 
combined shortcomings of these templates can lead to systemic safety failures. These 
cases demonstrate the urgent need to reconceptualise safety not as a fragmented com
pliance task, but as a dynamic and continuously assured outcome embedded across the 
entire lifecycle of built assets.

The Grenfell Tower fire tragically illustrates how the interplay of multiple flawed 
systems integration templates can result in catastrophic safety failures. Lifecycle tem
plates failed to ensure continuity of safety considerations from design through to oper
ation. Safety was not embedded early in the design phase, and decisions such as the 
choice of cladding were made without a full understanding of long-term fire risks. Regu
latory templates reinforced a fragmented approach, with compliance focused on isolated 
components rather than the building as a system. Contractual templates further exacer
bated this fragmentation, as safety responsibilities were unclear and not embedded 
across the lifecycle. Digital templates, such as the absence of a coherent ‘golden 
thread’ of safety information, meant that critical decisions and rationales were not trace
able or effectively communicated. Together, these templates created a system where 
safety was treated as a procedural afterthought rather than a dynamic, emergent property 
requiring continuous coordination. The result was a failure to anticipate and manage the 
complex interactions that ultimately led to the fire.

Similarly, the collapse of the Morandi Bridge highlights how systemic safety can be 
undermined when integration templates fail to support long-term resilience. Product 
templates, such as breakdown structures, focused on component-level maintenance 
without accounting for interaction effects or aging infrastructure. Lifecycle templates 
did not adequately bridge the gap between original design assumptions and evolving 
operational realities, leading to misaligned maintenance strategies. Regulatory oversight 
was periodic and reactive, lacking the systemic foresight needed to manage risks that 
evolve over decades. The capabilities domain was also deficient, with limited access to 
system safety expertise and tools capable of assessing emergent risks. These shortcom
ings combined to create a situation where safety degraded silently over time, culminating 

14 M. S. ÇIDIK AND M. CHATZIMICHAILIDOU



in a sudden and devastating collapse. In both cases, the failure was not due to a single 
error but to the cumulative effect of fragmented practices, misaligned priorities, and a 
lack of systemic coordination across the lifecycle of the built asset.

In summary, by building upon the existing concepts and topics within the literature on 
systems integration, this section critically examined how the established templates and 
practices of systems integration in construction can be problematic from a safety perspec
tive. Figure 1 maps how five systems integration template types and their respective prac
tices – product, lifecycle, regulatory, contractual, and digital – shape lifecycle safety 
outcomes. Each vertical lane represents a template category, with overlapping bound
aries visually indicating their interconnected and mutually shaping nature. Horizontal 
bands trace identified issues through to safety consequences across the types of tem
plates. The figure illustrates that systemic safety risks do not arise from isolated issues 
with distinct templates but emerge from interacting simplifications and coordination 
structures across the asset lifecycle. Thus, Figure 1 summarises the argument made in 
this section and provides the foundation for the subsequent discussion presented in 
Section 5 below.

5. Towards an agenda for a systems approach to safety of built assets

Thus far in the paper, we have examined the challenges introduced by current systems 
integration templates and practices. Building upon this, the present section consolidates 
those challenges and offers a structured agenda for advancing ISALS, particularly for con
struction professionals. The discussion of five types of templates and their associated 
practices – product, lifecycle, regulatory, contractual, and digital – has led to the identifi
cation of a non-exhaustive list of 23 challenges (Table 1). These challenges are grouped 
under three interrelated domains: conceptual orientation, practical orientation, and capa
bilities. Figure 2 presents these domains as overlapping spheres in a Venn diagram, 
reflecting the dynamic interdependencies among them and emphasising that they 
reinforce one another in shaping how safety is understood and addressed in construction.

The conceptual orientation (orange sphere) refers to challenges associated with the 
dominant ways of thinking in construction; how systems integration templates are 

Figure 1. Interaction of templates and their Influence on safety.
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devised, how safety is formalised, and how certain assumptions or logics gain legitimacy 
over others. These prevailing assumptions, often shaped by priorities like cost, time, and 
performance (ICE 2020; IPA 2021; Whyte and Davies 2021), tend to side-line safety as an 
emergent systems-level outcome. For example, while the ‘iron triangle’ of cost, schedule, 
and quality has been widely critiqued for fostering fragmentation and adversarial relation
ships, there remains a paucity of research on its consequences for safety planning and 
delivery across the lifecycle of built assets. Systems integration in construction must be 
fundamentally reconceptualised to place safety at its core, not as an add-on or constraint, 
but as a defining measure of success across the lifecycle of built assets. Such a shift can 

Table 1. A non-exhaustive list of challenges for construction professionals in achieving a systems 
approach to safety of built assets.
Challenges associated with 
conceptual orientation

Challenges associated with practical 
orientation

Challenges associated with 
capabilities

Lack of clarity and standardisation 
of approaches to safety

Misalignment and disconnect between 
system delivery and operations

Competences

Safety as a compliance issue, not a 
system’s mission

Lack of safety considerations with a lifecycle 
perspective

Experience

A strong focus on ‘iron triangle’ for 
project success

Lack of appreciation of the difference 
between record keeping (traceability) and 
communication

Skills

Unclear understanding between 
system safety and SoS safety

Focus on minimising own risk and the 
adoption of blame culture

Incentives and disincentives

Working with fixed and linear 
structures in an evolving system

Subjective sensemaking, significance and 
relevance

Tailored technology that supports 
sensemaking, communication 
and decision making

System fragmentation and 
decomposition

Static management / lack of an adaptive 
view of safety

Conflicting or competing roles, 
interests, and priorities across 
built asset lifecycle

Late safety considerations in project delivery

Subjectivity of data, terminology, 
and documents

Lack of appreciation of equitable building 
safety

Fixation with risk quantification
Lack of attention on system design, delivery, 

and operation processes / major focus on 
an assumed understanding of the end 
product and its individual components

Figure 2. The three domains of challenge in achieving a systems approach to safety of built assets.
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bridge persistent gaps between design, delivery, and operational phases, and support 
more integrated safety thinking. Moreover, this rethinking opens pathways to connect 
safety with broader system-level concerns – such as resilience, ecological sustainability, 
and just transitions – each of which also demands holistic and anticipatory approaches. 
Methodologically, there is also a need to understand how ideas of safety are formed, insti
tutionalised, and acted upon. The question of how safety knowledge is created and sus
tained in practice, and how it shapes the behaviour of systems over time, is central to this 
effort.

The second domain concerns capabilities (blue sphere); the enabling structures, 
resources, and institutions that define the space of safety problems and solutions. At 
the individual level, many construction professionals are not exposed to system safety 
thinking or the skills required to coordinate across technical, organisational, and temporal 
boundaries. Existing competency frameworks and professional development practices 
often entrench discipline-specific views that marginalise the systemic nature of safety. 
At the organisational level, regulatory and procurement frameworks are not designed 
to support lifecycle-oriented or cross-system safety coordination. Resources such as rou
tines, codes, contracts, and digital infrastructures often lack the interpretive and oper
ational flexibility needed to support systemic learning, adaptation, or foresight (Çıdık 
and Phillips 2021). Addressing these issues demands both educational and organisational 
innovation. Educational programmes must better prepare professionals to engage with 
complexity, uncertainty, and cross-functional coordination. Likewise, institutional infra
structures – such as standards, delivery models, and oversight processes – must evolve 
to better reflect safety as a system-level outcome. Critically, improvements in individual 
and organisational capabilities must proceed together. One without the other cannot 
sustain the kind of change required for ISALS to take root in practice.

The third domain, practical orientation (green sphere), encompasses challenges related 
to how safety is enacted in the day-to-day practices of construction professionals. These 
practices are shaped by dominant norms, routines, and leadership models that govern 
how safety responsibilities are interpreted and carried out. A shift in practice toward a 
systems approach to safety cannot be achieved without visible and sustained leadership, 
both moral and professional. Those who oversee the design, delivery, and operation of 
built assets must embrace their ethical responsibility to prioritise human and ecological 
safety over short-term gains. Safety failures are not merely the result of technical or pro
cedural breakdowns; they reflect deeper systemic and ethical shortcomings that dispro
portionately impact the most vulnerable. This reality demands moral leadership, 
leadership that places long-term wellbeing above convenience or profit, and that recog
nises the built environment’s role in shaping societal futures. It also demands professional 
leadership capable of making safety everybody’s duty in practice. This includes creating 
the institutional and cultural conditions for questioning, learning, and joint problem- 
solving at all levels. Without such leadership, safety risks remain fragmented and reactive, 
rather than being addressed as collective, dynamic, and preventable challenges. Advan
cing ISALS means embedding this responsibility into daily practices, project structures, 
and sector-wide norms.

Importantly, these domains cannot be addressed in isolation. Conceptual, practical, 
and capability-related challenges are mutually reinforcing and must be tackled in 
concert to achieve meaningful change. As shown in Figure 2, they form a complex 
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system of influence that either constrains or enables progress toward ISALS. Ultimately, 
this paper proposes that enabling a systems approach to safety means rethinking 
safety as an emergent property, not a fixed outcome achieved by compliance, but a con
dition that must be continuously assured over time. This requires an iterative, evidence- 
driven safety assurance cycle, in which processes are continuously evaluated and adapted 
based on system feedback, operational experience, and evolving social and environ
mental conditions. This calls for a bold shift, from compliance and procedural formality 
to purposeful, situated action that recognises safety as a dynamic, shared, and continuous 
responsibility. Only through such dynamic and adaptive modes of practice can resilient, 
long-term safety be achieved in the conception, delivery, and operation of built assets.

6. Conclusions

The safety of built assets is a matter of critical importance, given the potentially cata
strophic consequences of failures for people, ecosystems, and essential public services. 
Yet despite its significance, safety has often been addressed in construction research 
and practice through a narrow lens, primarily as a matter of technical compliance or pro
cedural risk mitigation. This limited orientation contrasts with contemporary safety 
science, which understands safety as an emergent system-level outcome shaped by the 
complex, dynamic interactions within and between socio-technical systems. As a result, 
there remains a fundamental gap in how construction professionals conceive and 
manage safety across the lifecycle of built assets and their embeddedness in broader 
natural, social, and operational environments. This paper has discussed ISALS as a concep
tual foundation for closing this gap. Moreover, this paper goes beyond conventional 
approaches to safety, such as DfS and PtD, by considering not only design interventions 
but also the broader factors that influence safety outcomes. It addresses skills, roles, con
tinuity, equity, data, and regulations, all within the context of systems interaction. Rather 
than focusing primarily on what needs to be done or when, this paper emphasises how 
safety should be enacted, highlighting the complex interplay of people, processes, and 
technology that shapes safe outcomes.

In its current form, systems integration is predominantly shaped by delivery-oriented 
goals and is underpinned by simplifying templates and practices – such as breakdown 
structures, phase-based models, and digital records – that often reinforce compartmenta
lisation and limit cross-system coordination for safety. Drawing on the literature on 
systems integration in construction, we argue that while systems integration offers a 
useful lens for managing complexity and coordination, its current conceptual and practi
cal focus is insufficient to support the integration of safety as a system-level, lifecycle- 
spanning concern. This paper highlights the limitations of current systems integration 
practices in construction and proposes ways to integrate technical, organisational, and 
social dimensions to co-produce safety across complex projects. By emphasising the life
cycle perspective and interactions with broader natural, built, and operational environ
ments, this work outlines a directional concept and research agenda to inform future 
empirical, methodological, and policy work aimed at embedding safety into the con
ception, delivery, and operation of built assets.

In this paper, ISALS is not offered as a prescriptive framework, but as a directional 
concept, a call to rethink how safety is integrated into the conception, delivery, and 
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operation of built assets, and how construction professionals can engage with emergent 
uncertainty and complexity over time. To enable such a debate, this paper identified a set 
of 23 interrelated challenges arising from five types of systems integration templates and 
associated practices: product, lifecycle, regulatory, contractual, and digital. These chal
lenges were grouped under three intersecting domains: conceptual orientation, capabili
ties, and practical orientation. These domains are mutually reinforcing and must be 
addressed collectively to enable meaningful progress toward a systems approach. 
Through the discussions and suggested three domains, the paper lays a foundation for 
future academic, practical, and policy work aimed at repositioning safety as a dynamic, 
system-level outcome, one that must be continuously assured rather than reactively 
managed.

Future research should investigate how elements of a systems approach to built 
asset safety have already been partially realised in other sectors – such as rail, 
nuclear, and oil and gas – and assess what lessons might be transferable to the 
wider construction theory and practice. Empirical studies are also needed to 
examine how the five systems integration templates discussed in this paper shape 
safety coordination across project phases and system boundaries. While the present 
study is primarily theoretical in nature, future work could extend ISALS through empiri
cal application. In particular, the ISALS concept could be applied to real-world cases 
and accidents to illustrate its practical value and demonstrate its advantages over 
alternative approaches to integrating safety at the systems level. Such applications 
would provide an opportunity to test and refine the model, further validating its rel
evance for analysing complex safety interactions in construction and other socio-tech
nical systems. Moreover, further inquiry should explore how distinctions between 
domains such as OHS and built asset safety affect the definition of system boundaries 
and the development of integration strategies. Building empirical and theoretical 
understanding of how individual lifecycle phases and stakeholder roles contribute to 
or hinder the achievement of ISALS will also be essential for guiding implementation 
in practice.

This paper is limited by its conceptual and exploratory nature. It does not aim to 
provide a comprehensive empirical account or systematic review, and the challenges 
and domains identified are necessarily interpretive. The discussion reflects the authors’ 
synthesis of literature across construction management, systems integration, and safety 
science, and is intended to open space for future dialogue, not close it. The challenge 
list is non-exhaustive, and the proposed concept should be seen as a starting point for 
further investigation rather than a finalised framework or model.
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