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Abstract 

The concept of Safety in Design is that it is cheaper and easier to mitigate safety risks from 

across the project lifecycle by addressing them early.  Safety in Design uses the knowledge 

gained from safety risk assessments to eliminate and minimise safety risks across the project 

lifecycle.  The products of Safety in Design include a modified design and the creation of 

artefacts to communicate remaining risks and provide assurance that safety risks are managed 

to acceptable levels. 

This study aims to understand the extent to which Safety in Design influences safety outcomes.  

The study explores artefacts created during Safety in Design and the extent those artefacts 

make changes to the design to improve safety.  The study also explores how risk decisions are 

justified, and whether there is evidence of unintended risk shuffling between lifecycle phases.   

The study takes the form of content and thematic analysis using 31 documented examples of 

Safety in Design from a range of recent transportation infrastructure projects in New Zealand. 

The study identifies that safety risk registers are the most common Safety in Design artefact 

and that safety decisions are expressed using risk computation and by articulating confidence 

in others.  The study finds little evidence of design changes within the Safety in Design 

documents, and so unintended risk shuffling was unable to be assessed.  However, a strong 

theme of ‘messages to the future’ emerged where the documents communicate how future 

risks should be controlled when they arise, rather than using that information to make changes 

in the design.   

The study also found that Safety in Design practitioners claim safety controls outside of the 

hierarchy of controls, such as adherence to a code or standard or faith in someone’s ability.  

Also, Safety in Design practitioners may be accepting high-consequence risks on behalf of 

others.  This has significant implications for the safety of workers and the public.  

The study concludes that, in the studied examples, the extent to which the Safety in Design 

influence safety outcomes is limited.  Safety in Design, as documented on these projects, does 

not realise the safety, communication, or assurance objectives discussed in the literature, and 

that there is a gap between literature ideals and how Safety in Design is performed.  More data 

should be gathered, and more research should be undertaken to understand the gaps, and to 

identify ways to close the gaps between concept and practice.  
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Chapter 1: Introduction 

1.1  Background  

Safe transportation is important for the economy, individual wellbeing, and quality of life, 

although the construction, use, and upkeep of transportation infrastructure comes at the cost 

of injuries, long term illness, and loss of lives (Evans, 2003; Spinney, Scott, & Newbold, 2009; 

WorkSafe, 2019c).   

In attempts to improve safety, stakeholders try to reduce harm through laws and regulations, 

industry initiatives, and organisational policies and practices (Neilson, Peet, Major, & Rosie, 

2007; NZTA, 2011; WorkSafe, 2018a, 2019a).  This includes standards for the design of cars, 

aircraft, trains, and ships, as well as licencing arrangements, enforcement, and operational rules 

(CENELEC, 2017; De Florio, 2011; Kullgren, Lie, & Tingvall, 2010; Molland, 2008).  More 

generally, there are codes and standards to protect infrastructure against the risk of fire and 

earthquakes, and laws and rules designed to protect the safety of workers and others.  Beyond 

that, organisations generally have flexibility in how they manage safety risks, though it is 

relatively common to find dedicated safety teams, safety training, safety moments, safety 

values, leadership commitments, as well as formal and informal processes and procedures (Rae 

& Provan, 2018).  A recent legislation change in New Zealand encourages the use of ‘Safety in 

Design’ as a way to eliminate and minimise safety risks across the project lifecycle (Carnie, 2016; 

Health and Safety at Work Act, 2015; WorkSafe, 2018a). 

1.2 Motivations for this study  

The motivation for this study is to understand how Safety in Design is applied in practice in New 

Zealand infrastructure projects.  There is an increasing impetus on organisations to undertake 

Safety in Design, and there is varying and contradictory guidance on how Safety in Design should 

be performed and what artefacts should be produced.  The introduction of the Health and 

Safety at Work Act (2015) places additional obligations on designers and duty holders for the 

safe design and construction and introduced a requirement to demonstrate that “risks are 

eliminated or minimised So Far As Is Reasonably Practicable (SFAIRP)” (Health and Safety at 

Work Act, 2015) .   

There are no studies exploring how Safety in Design is undertaken on infrastructure projects in 

New Zealand.  This study has the potential to provide foundational work into the study of Safety 

in Design practice, and the findings of this study have the potential to inform the Safety in 

Design practices across the wider infrastructure design community.   
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1.2.1  Safety in Design as a concept 

Safety in Design is the concept of using foresight and knowledge to identify safety risks across 

the project lifecycle so that they are reduced to acceptable levels within the early phases of a 

project where it is cheaper and more effective to address them (Hallowell & Hansen, 2016; 

Lyon, Popov, & Biddle, 2016; Zou & Sunindijo, 2015).  Safety in Design is similar to the principles 

of risk management, such that it provides a means to avoid unwanted losses through the 

assessment and management of risk (Aven, 2009; Cretu, Stewart, & Berends, 2011; Kendrick, 

2015; Lingard, Cooke, Blismas, & Wakefield, 2013).  Some authors suggest Safety in Design is a 

relatively new concept migrated from other industries (Nejad, 2014; Rajendran & Gambatese, 

2013), where others note that the concept of Safety in Design can be traced back to the 

Renaissance period (Coble & Blatter, 1999).   

Safety in Design has many different names including ‘Health and Safety by Design’, ‘Health and 

Safety in Design’, ‘Safety by Design’, ‘Safe Design’, ‘Design for Safety’, ‘Construction Hazard 

Prevention Through Design’, ‘Prevention through Design’, ‘Risk Assessment’ and others (Lyon 

et al., 2016; Manuele, 2005, 2008; WorkSafe, 2018a; Zou & Sunindijo, 2015).  The term Safety 

in Design is used within this paper to describe the consideration for safety during the early 

phases of a project to improve safety at later phases of the project lifecycle. 

The project lifecycle is the broad description of activities from the creation of something new 

through to its retirement (SEPM, 2017).  A project lifecycle typically includes concept definition 

of what the project aims to achieve and how it will function, design where decisions are made 

regarding the proposed physical form, construction/manufacture which creates the physical 

aspects of the project, operations for the utilisation of what is created, maintenance to look 

after what was created, and demolition/disposal when it is no longer needed (Lingard et al., 

2013; SEPM, 2017).   

The lifecycle is sometimes simplified to only include design, construction, and operations 

(Wetzel & Thabet, 2015), and sometimes expanded to include phases such as initiation, 

procurement, concept, multiple stages of design, design acceptance, multiple stages of 

construction, verification, validation, system acceptance, introduction into service, operations, 

benefits realisation, maintenance, refurbishment, and decommissioning (CENELEC, 2017; 

Lingard et al., 2013; Nejad, 2014; WorkSafe, 2018a).  Nevertheless, there is a general 

recognition that Safety in Design is undertaken early in the project lifecycle to reduce the safety 

risk in one or all of the later phases.  Figure 1 shows a representation of the project lifecycle. 

 



13 
 

 
Figure 1 - Typical phases of a project lifecycle 

(Adapted from CENELEC, 2010; WorkSafe, 2018) 

1.2.2  Safety in Design as a practice  

The practice of Safety in Design is to use knowledge of the intended design of a project, 

combined with foresight and knowledge of construction methods, intended operations, 

maintenance, and disposal, to identify safety risks and eliminate or minimise them to 

acceptable levels by modifying the design.  Any remaining risks within the resultant design are 

then communicated to future lifecycle participants, and the process is documented for 

assurance purposes. 

Just as the concept of Safety in Design is a risk management activity, the practice of Safety in 

Design relies on the risk assessment activity.  Risk assessments are a “pre-cautionary 

management activity that helps discover and contextualise knowledge to aid rational decision-

making” (Peace, 2017, p. 70). 

Industry and organisation guidelines for Safety in Design risk assessments vary in terms of their 

content, process, recommended level of involvement, and requirements (Nichols & Dziminski, 

2018; Office of Rail and Road UK, 2017; Site Safe New Zealand, 2019; WorkSafe, 2018a).  Some 

organisations suggest Safety in Design risk assessments are carried out in workshops with 

people from across the project lifecycle, with varying levels of inclusion and stages of 

involvement.  In practice, Safety in Design can include brainstorming or involve a design 

presented on a screen with the designer explaining their rationale for design choices, and 

participants suggest changes they think will improve safety.  Changes might result in 

fundamental alterations to the design, the addition of a placard to warn of a particular hazard 

or instructions and warnings in the operations and maintenance manuals.  

Alternatively, an individual designer or safety engineer might review and contemplate the 

project or design, and create a list of hazards or risks and design changes that they believe 

would make it safer.  They might follow checklists, guidelines, industry standards, and draw 

from historical accident data or their own experience.   

Concept Design Construction
Operations 

and 
Maintenance 

Demolition / 
Disposal
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They might consult with a few people individually or in small groups in order to understand 

their specific risks in the lifecycle phase and capture what they think would make the project 

safer.  They might also support their assessment using process safety engineering techniques 

designed to uncover hazards (Australia & Safety and Compensation Council, 2006; CENELEC, 

2017; Dhillon, 2018; Nichols & Dziminski, 2018; WorkSafe, 2018a).   

Some organisations require Safety in Design to be demonstrated in detailed reports, tables, 

spreadsheets, presentations, operating and maintenance manuals, risk registers, or other 

things.  Sometimes projects might list hazards on the technical drawings provided to the 

construction contractor, where others might create few or no records of their Safety in Design 

efforts, instead of relying on an individual’s explanation when a need arises.   

Safety in Design artefacts are created for different purposes.  Purposes include the active 

management of safety risks, communicating hazards and risks to others, tracking and reporting 

status, demonstration of compliance, due diligence, or to provide evidence that safety was 

considered in the event that something goes wrong (Office of Rail and Road UK, 2017; Site Safe 

New Zealand, 2019; WorkSafe, 2018a). 

1.3  Problem statement and research questions 

One of the ways that policymakers, safety regulators, and organisations are attempting to 

improve safety across the project lifecycle is through Safety in Design (Carnie, 2016; Peace, 

2017).  According to industry guidelines and literature ideals, Safety in Design is an effective 

means for eliminating and minimising safety risks within the project lifecycle.  However, Safety 

in Design has many pitfalls and challenges, and the effectiveness of Safety in Design is not well 

understood.  Additionally, since the introduction of legal requirements to undertake Safety in 

Design in New Zealand, there has been an overall increase in accidents within the transportation 

industry (Carnie, 2016; WorkSafe, 2018a, 2019c).  The approaches used by practitioners to 

undertake Safety in Design are largely unknown, and it is unclear how practitioners use Safety 

in Design to influence safety outcomes.   

In response to the above problem, the study aims to understand how practitioners influence 

the project lifecycle using Safety in Design.  Research explores the literature and undertakes a 

study using an interpretative paradigm.  The study explores Safety in Design artefacts from 

transport infrastructure projects using content analysis and thematic analysis.  The interpretive 

approach, content analysis and thematic analysis provide a means to gain suitable insight into 

Safety in Design practices evident in the received artefacts. 
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The research addresses the following questions: 

• What are the claims of Safety in Design?  

• What is the evidence that Safety in Design works in practice?  

• What Safety in Design artefacts might be created?  

• What are the purposes of the artefacts? 

• What are the limitations of Safety in Design? 

• What does the literature say about how Safety in Design can be improved? 

• Are there any gaps in the literature? 

• What questions arise from the literature? 

• What artefacts are created in practice?  

• How are practitioners using Safety in Design to influence safety outcomes?  

• What justifications are used within Safety in Design?   

• Is ‘risk shuffling’ a problem?  

1.4  Overview of the thesis  

This thesis is about Safety in Design in recent New Zealand transport projects, and is made up 

of the following six chapters:  

• Chapter 1 introduced safety design, outlined the problem statement and posed the 

research questions. 

• Chapter 2 provides a literature review that explores the claims of Safety in Design.  The 

literature review explores Safety in Design to understand the current state of 

knowledge, articles, and theories, and findings, and identifies gaps in knowledge.  This 

chapter also explores key authors and recent studies that investigate Safety in Design 

in practice, and how the literature suggests Safety in Design can be improved.   

• Chapter 3 provides an outline of the study methodology and study definition.  It 

restates the problem and poses the study objectives and study requirements.  The 

method of the study is discussed, including the rationale for the content and thematic 

analysis and the approach for analysing the results and defines study requirements to 

ensure the validity of the study.   

• Chapter 4 explores the materials provided by industry.  This includes an overview of the 

data collection process and the sources, the types of projects explored and the themes 

that appear within that data against the study objectives.   

• Chapter 5 offers a discussion that reflects on the study objectives and their findings, 

and suggests areas of future research and provides interpretive commentary on the 

findings and offers a conclusion to the study. 
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Chapter 2: Literature Review 

The literature review explores Safety in Design to understand the current state of knowledge, 

identify key authors, articles, theories, findings, and identify gaps in knowledge.  This chapter 

explores key authors and recent studies that investigate Safety in Design in practice, and 

discusses the limitations of Safety in Design, and what the literature says about how Safety in 

Design can be improved.  Finally, gaps in the literature and the questions that arise from the 

literature are discussed.   

2.1  What are the claims of Safety in Design?   

There are two main claims within the Safety in Design literature.  One is that consideration for 

safety during the early stages of a project lifecycle can result in the reduction in safety risk in 

later stages of the projects lifecycle, and the second is that ‘higher-order’ controls such as using 

engineering to reduce risk is more effective than ‘lower order’ controls such as signs, warnings, 

and training.  These are discussed in the paragraphs below.   

2.1.1  Due consideration for safety in the early phases of the lifecycle.   

The notion of early decision-making to reduce risk later in the project lifecycle is common with 

risk management (Cooper, Grey, Raymond, & Walker, 2004; Cretu et al., 2011).  

Notwithstanding that project risk management and safety risk management generally use 

different techniques for risk assessment (Dhillon, 2018; Kendrick, 2015; Peace, 2017), safety 

risk management and project risk management have similar goals, and Safety in Design can be 

thought of as a risk management activity with a specific focus on safety (Lyon & Popov, 2017; 

Sloan, 2007).   

Figure 2 shows a typical representation found in the literature of the ability to influence safety 

is greatest early in the project lifecycle and decreases as the project progresses, and that 

addressing safety issues later in the project lifecycle costs more than if addressed earlier 

(Szymberski, 1997; Zou & Sunindijo, 2015). 
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Figure 2 - Cost of changes and opportunity to influence throughout a project lifecycle 

 (Zou & Sunindijo, 2015, p. 154) 

These diagrams and descriptions vary, where some authors show an s-curve where the ability 

to influence safety declines slowly (Zou & Sunindijo, 2015, p. 154), where others show the 

opportunity to influence safety decreasing very rapidly (Szymberski, 1997).  The differences in 

the curves suggest there is some disagreement, though the shape of the curve may vary 

depending on the project context, delivery methodology, and the lifecycle model including the 

degree of concurrent design and construction (SEPM, 2017).  Modern computer-aided design 

and construction methodologies allow for significant changes right up to the end of design, as 

well as allowing later phases of design to be concurrent with early construction phases allowing 

significant changes to occur later in the project than in the past (Tomek & Kalinichuk, 2015). 

2.1.2  Higher-order safety controls are more effective than lower-order controls  

The other major claim of Safety in Design is the notion that ‘higher-order’ controls such as 

elimination, isolation, and engineering controls are more effective than ‘lower order’ controls 

such as administrative controls (Australia & Safety and Compensation Council, 2006; Behm, 

Culvenor, & Dixon, 2014; Gambatese, Behm, & Rajendran, 2008; Manuele, 2014, p. 10; Nejad, 

2014; Walline, 2014; WorkSafe, 2018a).  This preference in application is generally termed the 

‘hierarchy of controls’, ‘mitigation precedence’, or ‘mitigation strategies’ and is described as 

“practices higher up in the hierarchy are more proactive and more effective at preventing 

injuries and practices lower in the hierarchy are more reactive and less effective at preventing 

injuries” (Nejad, 2014; Toole, Gambatese, & Abowitz, 2017, p. 1).   

The hierarchy of controls first appeared in the 1940s in the aerospace domain and the concepts 

were later incorporated into health and safety management standards (Floyd, 2015, p. 4263; 

Nejad, 2014).  Examples of the hierarchy of controls are provided in Figure 3 and Figure 4.   

Cost of changes  High 

Low 

Concept                 Design                Construction           Operations  

Ability to influence safety  
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Figure 3 - Hierarchy of controls  
(WorkSafe, 2018a, pp. 20–21) 

 

 
Figure 4 - Nine strategies integrated into the three-level hierarchy of control   

(Jensen, 2007, p. 30) 

While the language differs across the literature, the hierarchy shows a preference for 

‘elimination’, then ‘engineering controls’, and then ‘administrative controls’ (Nejad, 2014, pp. 

33–41).  Floyd suggests the differences are “not significant and usually due to the segregation 

of aspects of administrative controls” (2015, p. 4263). 

There is also a general notion that higher-order controls become unavailable as the project 

lifecycle advances because they become too costly to implement at later stages, or because 

higher-order controls are generally not available to workers (Behm et al., 2014; Floyd, 2015; 

Gambatese et al., 2008).  Some literature suggests that the higher-order controls must be 

applied before lower-order controls (Lyon et al., 2016; Manuele, 2014; Walline, 2014), where 

others do not assert any priority and that they only provide a guide for effectiveness (WorkSafe, 

2018a, p. 20; Zou & Sunindijo, 2015).  Nejad suggests selection could be based on ordered 

priority, or greatest risk reduction, cheapest, or most convenient, and notes that some 

literature suggests the most effective risk management is to select something from every layer 

in the hierarchy (2014, p. 41). 

Elimination 
 
Minimisation 
   Substitution (wholly or partly), and /or 
   Isolation/Preventing contact and/or 
   Engineering control measures  
If risk remains 
   
Administrative control measures 
If risk still remains  
 
Personal Protective Equipment (PPE) 
 
 

Most 
Effective  

 
 
 
 
 
 
 
 

Least 
Effective 

Priority 1 - Control by eliminating the hazard. 

                    Strategy 1—Eliminate the hazard. 

Priority 2: Control by designing for effectiveness with minimal human effort. 

                    Strategy 2—Moderate the hazard. 

                    Strategy 3—Avoid releasing the hazard. 

                    Strategy 4—Modify release of the hazard. 

                    Strategy 5—Separate the hazard from that which needs to be protected. 

Priority 3: Control through human effort and behaviour. 

                    Strategy 6—Help people perform safely. 
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2.1.3  Summary of the claims of Safety in Design 

While there is no consensus within the literature on the degree to which safety can be 

influenced across the project lifecycle, the literature suggests that the principles of risk 

management apply, and that early good decision-making and changes to the design can avoid 

safety risks in later project lifecycle phases (Australia & Safety and Compensation Council, 2006; 

Bell, Raiffa, & Tversky, 1988; Christensen, 2011; Gambatese et al., 2008; Lingard et al., 2013; 

Manuele, 2005, 2008, 2014; Walline, 2014; WorkSafe, 2018a).   

Additionally, the literature suggests there is a common belief that the application of higher-

order controls is more effective at reducing safety risk (Australia & Safety and Compensation 

Council, 2006; Behm et al., 2014; Gambatese et al., 2008; Nejad, 2014), though some suggest 

this depends on the circumstances (Hardison, 2018; Nejad, 2014, p. 43).   

In summary, the primary claims of Safety in Design are:  

1. Early consideration for safety and good decision-making in the design can reduce safety 

risks in later project lifecycle phases; and  

2. That the application of higher-order safety controls is more effective at reducing safety 

risk than lower-order controls. 

The next section will explore the evidence within the literature that that supports, or otherwise, 

whether Safety in Design is effective in practice.   

2.2  What is the evidence that Safety in Design works in practice?  

Within the literature on Safety in Design, there are a number of regularly cited major studies 

and some recent work that builds on the existing body of knowledge.  These studies provide a 

good review of the Safety in Design literature to date and offer insight into Safety in Design in 

practice.  Six major contributions to Safety in Design are summarised below.  The first four are 

studies regularly cited within the Safety in Design literature as providing strong evidence that 

Safety in Design is effective and that early consideration for safety and good decision-making in 

the design can reduce risks later in the project lifecycle. The final two contributions are new 

work that attempts to grow the practice knowledge of Safety in Design.  Together these provide 

a good overview of the currently published literature discussing the effectiveness of Safety in 

Design at reducing safety risk across the project lifecycle.   
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2.2.1  Behm (2005) 

Behm is a key author in Safety in Design, and Behm (2005) is a heavily sited study that 

explores 224 fatality investigations to determine whether decisions in earlier lifecycle phases 

played a role in the accidents.  The study concludes that approximately 42% of fatalities would 

have been avoided through different design decisions.  The study cites a range of sources 

including literature and other preliminary studies, suggesting that up to 60% of fatal accidents 

arise from decisions early in the project lifecycle (Behm, 2005, p. 591).   

While this study is widely cited within later Safety in Design literature as foundational evidence 

that Safety in Design is effective, even with the benefit of hindsight (Roese & Vohs, 2012), the 

study suggests that consideration for safety and the associated design decisions only have a 

limited effect on overall safety risk in later lifecycle phases.  One author suggests the study is 

relatively subjective and largely based on opinion (Hardison, 2018, pp. 22–27). 

2.2.2  Gambatese et al. (2008) 

Gambatese is another key author in the field of Safety in Design, and Gambatese et al. (2008) is 

another widely referenced study.  This study aimed to confirm Behm’s 2005 conclusions using 

an expert panel to assess agreement or disagreement as to whether the same accidents 

explored in Behm’s study could have been avoided with different decisions earlier in the project 

lifecycle (Gambatese et al., 2008, p. 675).  An eighteen person panel of experts were each 

provided five selected cases from Behm’s 2005 study and asked whether the designer “could 

have made a positive impact on the risks that caused that particular fatality by changing the 

design, changing work plans, or communicating the risks” (Gambatese et al., 2008, p. 682).   

The study concluded that in 63-73% of cases reviewed, the accidents “could be linked to Safety 

in Design” (Gambatese et al., 2008, pp. 675–689).  Five of the experts suggested there was no 

association between the design decisions and the accidents in every case they reviewed, and 

attributed the cause of these fatalities to “the construction means and methods employed by 

the constructor and a lack of safety awareness or attitude” (Gambatese et al., 2008, p. 687).  

While Gambatese et al. concluded that “there is a link between design and downstream safety”, 

they state “it is incorrect to assume that simply by implementing Safety in Design that safety 

risks will automatically be eliminated, due to risks being complex and multifaceted” (Gambatese 

et al., 2008, p. 689).  Overall, Gambatese et al. (2008) suggest that early consideration for safety 

and the associated decision-making has a much lower effect on downstream safety than Behm’s 

2005 study suggests.   
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Gambatese et al. also summarises other literature and explores nine other studies undertaken 

between 1987 and 2005 that aimed to confirm some linkage between design decisions and the 

safety in later lifecycle phases.  While Gambatese et al. suggest these support a strong 

relationship between Safety in Design and improved safety risk in later lifecycle phases, they 

acknowledge this is limited and that more research is required (2008, pp. 676–677).   

2.2.3  Lingard et al. (2012) 

Lingard et al. undertook a case study using Actor-Network Theory (ANT) to explore the 

relationship between design decisions and construction safety on a rebuild of a Melbourne 

factory partially destroyed by fire (Lingard, Cooke, & Blismas, 2012).  This study also appears 

across other literature supporting the claims of Safety in Design.   

Lingard et al. describe their results in four vignettes to demonstrate a direct relationship 

between design and construction safety, described in the paragraphs below.  

The first vignette discusses a contractor’s intent to use a cherry picker during the construction 

phase, which resulted in a change to the design.  “Engaging the relevant actors in the 

constructability review for the column design was beneficial as it transformed the design 

process from one in which the safety of construction workers may have been compromised, to 

one in which Safety in Design was integrated” and concludes that the risks construction 

activities were reduced by good early decision-making (Lingard et al., 2012, p. 373).  This 

example supports the idea that early consideration for safety and good decision-making can 

positively affect safety risks in later lifecycle stages.   

The second vignette discusses changes to the design of a holding tank from heavy cement to a 

lighter fibreglass tank to avoid the risks of workers entering a confined space.  The study notes 

that the decision to eliminate safety risks in the construction phase introduced in-service risks 

associated with vehicles proximity to the underground tank (Lingard et al., 2012, p. 374).  This 

indicates the potential for ‘risk shuffling’ (Hardison, 2018), such that while a temporary confined 

space working was avoided in the construction phase, a new and very different risk was created 

in the operations and maintenance phase, and the total lifecycle risk may not be lower.   

The third vignette discusses the rebuild of a section of industrial plant.  This project utilised 

concurrent design and construction where important design decisions were delayed, resulting 

in a low hanging beam and an uneven walkway which created a persistent risk in the operations 

and maintenance phase (Bruijn, Heuvelhof, & Veld, 2010; Lingard et al., 2012, p. 375).  Delays 

in decisionmaking led to a situation where the ability to eliminate the uneven walkway became 

‘unavailable’ at a certain point, leaving only administrative controls such as signs and walkway 

markings available to manage the risk.   
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The fourth vignette relates to an early decision to exclude a fire sprinkler system, which was 

later determined to be necessary by regulatory authorities.  This resulted in a change to the 

design after building the facility, increasing safety risks to those installing the systems because 

they had to work around operating equipment.  While this suggests a link between ‘poor’ 

decision and the increased safety risks, there was also a decision to continue to operate the 

factory while workers were present, putting them at risk.  Although the study claims the risks 

were increased in the operations phase due to earlier decision-making, the study also 

acknowledges that the risks could have been reduced through a decision to cease operations 

temporarily in order to carry out the work safely.   

Many of the examples in this study noted complexity in managing safety created by the 

interference of others, which suggests that dynamic external factors and emerging constraints 

later in the project lifecycle can undo the effects of good early decision-making (Bruijn et al., 

2010, p. 16). 

The study concludes that there is some relationship between early consideration for safety and 

sound decision-making in the design resulting in improved safety.  However, the study also 

shows that uninformed decisions and lack of timely decision-making materially increased safety 

risks downstream, although the safety risks that emerged later in the project lifecycle could be 

mitigated, albeit at a higher financial cost.   

2.2.4  Zhou, Goh, & Li (2015) 

Zhou et al. (2015) carried out a structured review of safety management studies in the 

construction industry.  This research explored 453 separate papers, with 3% exploring the 

designer’s role in the safety of construction lifecycle phase and summarised that “these studies 

show that Safety in Design is an effective measure to improve safety performance” (Zhou et al., 

2015, p. 342).  A selection of these studies discussed by Zhou et al. is summarised below. 

Zhou et al. (2015) discuss research to develop a ‘model to identify the optimum level of 

investment in safety to avoid excessive spending on safety controls for diminishing returns’ 

(Aminbakhsh, Gunduz, & Sonmez, 2013).  The research explored a “theoretical equilibrium 

point at which the total costs of detection and prevention is equal to the total costs of injuries” 

(Aminbakhsh et al., 2013, p. 100).   
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The framework created by Aminbakhsh et al. guides decision-makers through a comprehensive 

risk assessment process, which is then used to apportion a larger financial budget to those areas 

that pose the greatest risk (Aminbakhsh et al., 2013).  While Aminbakhsh et al. applied the 

framework to a ‘real-life construction project’, there was no empirical measurement of the 

effectiveness of the spending on accident rates, nor was there acknowledgement of the 

benefits of undertaking the risk management activity. 

Zhou et al. (2015) discuss research undertaken by Toole & Gambatese (2008) that explored the 

‘trajectories’ of Safety in Design. These trajectories include safety improvements through 

‘increased use of prefabrication, safer materials, designers undertaking construction 

engineering, and increased spatial considerations’ (Toole & Gambatese, 2008).  However, Toole 

& Gambatese note that improvement of safety through these methods is based on judgement 

and experience, not through empirical studies (Toole & Gambatese, 2008).   

Zhou et al. also found no studies exploring the designer’s contribution to the safety of the 

demolition/disposal phases (2015).  Later work published by Lauritzen (2018) provides a 

comprehensive book on the interfaces between design and demolition.  Lauritzen (2018) notes 

that decision-making early in the lifecycle that attempts to reduce demolition risks can increase 

demolition risks.  One example is that “a building is designed for disassembly requires workers 

to access the structure to manually separate the elements, potentially creating a greater risk” 

(Lauritzen, 2018, p. 292).  This reinforces the claim that there is a relationship between good 

early decision-making on the effect of safety risks in later lifecycle phases, where poor decision-

making early in the lifecycle phases can lead to increased risks in later lifecycle phases.   

Zhou et al. (2015) also discuss literature that poses a framework for scoring risks based on 

alternate designs (Gangolells, Casals, Forcada, Roca, & Fuertes, 2010), though noted that the 

scoring had not been tested in practice.  While Zhou et al. (2015)  found many studies in the 

building and construction industry, they found an absence of research of Safety in Design in 

large-scale infrastructure and transportation projects, and suggest that more research is 

required to understand the designer’s contribution to safety in these domains.   

Overall, the 453 papers reviewed by Zhou et al. (2015) support some notion of a relationship 

between early consideration for safety and good decision-making in the design with a reduction 

in safety risks later in the project lifecycle, however, the degree to which early decisions affect 

later lifecycle risks is not established, and there is an absence of empirical studies.   
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2.2.5  Nejad (2014)   

Nejad undertook comprehensive research on the presence of the hierarchy of controls within 

project risk assessment documents in military projects, on the bases that if higher-order 

controls are more effective, they should be more present within project artefacts than lower-

order controls (2014, p. 13).  Nejad (2014) noted a requirement to apply the hierarchy of 

controls within the industry guidelines and literature and explored whether Safety in Design 

practitioners apply them in practice. 

Nejad’s research shows that in real-world project artefacts, there is a greater presence of lower 

order controls than higher-order controls and that higher-order controls are rarely present in 

Safety in Design outputs.  Nejad noted that Safety in Design artefacts contained risk mitigation 

measures that do not fall within the traditional hierarchy of controls, such as general 

statements and claims of adherence to legislation being asserted as safety controls (Nejad, 

2014, p. 91).   

Nejad provides a possible explanation for the discrepancy against the theory, such that the 

Safety in Design outputs are created as a compliance activity, or for the purpose of 

communicating risks to stakeholders, rather than a means to ensure the risks have been 

addressed using the hierarchy of controls (Nejad, 2014, p. 94).  While the military guidelines 

and standards do suggest all hazards and mitigations are listed, those undertaking Safety in 

Design may have been ‘forward-looking’ and more clearly captured those things that need to 

be done in the future to reduce the risk further,  and failed to take credit for the higher-order 

controls utilised in the design. As mentioned above, Nejad suggests there are discrepancies 

within the literature such that preference of control can be based on ordered priority, greatest 

risk reduction, cheapest, most convenient, or sometimes controls can be selected from 

multiples layers in the hierarchy (2014, p. 41). 

2.2.6  Hardison (2018) 

Hardison (2018) provides a very recent study assessing the ability of those in the early project 

lifecycle phases to recognise safety risks that might arise in later lifecycle phases.   

Hardison’s (2018) research discusses several previous studies that explore the use of 3D 

presentation of design information to support better decision-making during early project 

phases.  Hardison (2018) then explores the ability of a range of industry participants in the 

design phase to recognise hazards that might arise in the construction phase using both 

2-dimensional (2D) and 3-dimensional (3D) presentation methods.   



25 
 

Hardison (2018) states that those involved in the study were equally capable of reading and 

interpreting the information presented in either format and that presenting visually rich 3D 

information does not offer a significant advantage over 2D presentation.  Hardison also suggests 

that designers can only identify about half of the hazards that will be faced by the workers in 

the construction phase (Hardison, 2018, p. 2). 

Hardison also explored a range of literature that discusses qualitative and quantitative risk 

assessment methodologies such as those used in process safety (Dhillon, 2018; Hardison, 2018, 

p. 39).  Hardison notes that while there is an empirical basis that quantitative and qualitative 

methods reduce risk in the targeted lifecycle phase, there is no research which confirms these 

results over the entire project lifecycle (2018, p. 39).  Hardison suggests that early project 

decisions may have the intent of lowering safety risk in one phase, but may inadvertently 

increase risk in another phase, termed ‘risk shuffling’, which could actually result in de-

optimising safety across the entire lifecycle (2018, pp. 31–32).   

Hardison also reviewed eight previous Safety in Design studies often cited as the basis for the 

effectiveness of Safety in Design, and concluded that six of them are subjective, one is partially 

subjective and partially theoretical, and one is purely theoretical (Hardison, 2018, p. 26).   

An assessment of other research to date, Hardison concludes that “Safety in Design is an 

empirically-supported principal and that from a scientific perspective the hypothesis that design 

changes do not cause reductions in harm remains untested and a prevailing theory”, and 

suggests that more efforts need to be undertaken to test the hypothesis empirically (Hardison, 

2018, p. 27).   

2.2.7  Summary of evidence that Safety in Design works in practice  

The studies and research discussed in this section provide an up to date overview on the status 

of the claims of Safety in Design.  These studies do have limitations, and the assertion they 

provide empirical evidence of safety risk reduction is not well supported.  As Hardison notes, 

Safety in Design “remains a theory rather than an empirically supported principle”(2018, p. 27), 

however, as noted in the study carried out by Lingard et al. (2012), there is empirical evidence 

that poor decision-making contributes to increased safety risks, and a logical corollary suggests 

that good decision-making can contribute to a reduction in safety risk. 
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There also appears to be little empirical evidence to support the claims of differing levels of 

effectiveness of the hierarchy of controls (Hardison, 2018; Lingard et al., 2012; Nejad, 2014).  

Lingard et al. (2012) demonstrated that some engineering controls became unavailable later in 

the project lifecycle leaving only administrative controls to manage the risks. However, there 

was no comparison on the relative effectiveness of the engineering and administrative controls.    

Finally, Nejad (2014) found little evidence that higher-order controls are more evident in project 

artefacts.  In fact, there was an abundance of lower order controls and other statements that 

do not fit within the hierarchy of controls. 

2.3  What Safety in Design artefacts might be created?  

So far, the literature review has explored the claims of Safety in Design and the available 

evidence that Safety in Design works in practice.  This section explores what artefacts might 

arise from the application of Safety in Design.   

Hale et al. state that “there are a number of different industry-specific design processes” and 

notes an inconsistency with the application of Safety in Design across organisations, industries, 

and other literature, and highlights that many organisations and researchers have proposed the 

idea of various templates for outputs (2007, pp. 4–7).  Some literature suggests specific outputs 

are required for Safety in Design such as project risk registers (Toole et al., 2017; Walline, 2014), 

system safety assessments (Drogoul, Kinnersly, Roelen, & Kirwan, 2007), a list of hazards 

(Australia & Safety and Compensation Council, 2006, p. 20), and “key information about 

identified risks and action taken or required to control them” (WorkSafe, 2018a, p. 20).  Peace 

provides an extensive list of artefacts that might arise when undertaking risk assessments, 

based on a survey of the methods used by practitioners (2017, pp. 71–72).  A subset of common 

artefacts and assessment methods outlined by Peace (2017) is presented around a generic risk 

management process in Figure 5. 
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Figure 5 - Common risk assessment methods  

Adapted from Lyon & Popov (2017, p. 36), and Peace (2017, pp. 71–72). 

Peace notes that ‘judgement’ is a common risk analysis technique and while the person making 

the judgement may record their rationale, there may not be any artefacts generated at all 

(2017, pp. 71–72).  Some literature suggests that improving safety does not always require the 

creation of artefacts and their generation is often undertaken for assurance purposes (Rae & 

Provan, 2018, pp. 4–5). 

2.3.1  Updating the design 

Coble and Blatter (1999) discuss incorporating revised safety decisions or changes directly into 

an updated design and make no mention of any specific separate activities or artefacts.  Hale 

et al. note that “the dominant design approach has been to use design standards as criteria 

documents against which designs can be checked for their safety” (2007, p. 8).  In the author’s 

experience, some organisations comment on the design during design development and 

identify changes by marking up drawings.  In some cases, specific notes relating to expected 

hazards can also be added to the updated drawing (WorkSafe, 2018a, pp. 22–23).   

Establish risk context 

Risk treatment 

         C
o

m
m

u
n

icatio
n

 &
 R

ep
o

rtin
g  

M
o

n
ito

rin
g &

 review
 

Risk identification  

Risk analysis 

Risk evaluation 

Risk acceptance 

Brainstorming 
Feedback from earlier work 
Benchmarking studies 
Stakeholder analysis  
Interview notes 
Judgement  
Risk Indicators 
Input from others   

Bow-tie analysis 
Risk Registers 
SFAIRP assessment  
Root cause analysis  
Consequence 
likelihood matrix 
Cost benefit 
analyses 

Cause and effect analysis 
Scenario analysis 
Job Hazard Analysis  
Brainstorming 
Judgement  
Cause and effect analysis 
Scenario analysis 
HAZOP studies 
Failure Mode and Effects 
Analysis  
Flowcharting  
SWOT analysis 
Impact consequence rating  
 

Judgement  
Cost benefit 
analyses 
SFAIRP assessment  



28 
 

2.3.2  Safety risk registers  

Nejad’s study explored the use of safety risk registers within the military project community to 

“demonstrate that risks associated with the system in a defined operational envelope have 

been identified and recorded and that mitigations have been correctly identified and 

implemented to reduce or control risk” (Nejad, 2014).  Safety risk registers assist in 

demonstrating risks are suitably managed, and assist with communicating risks to those 

involved in later lifecycle phases (Nejad, 2014; Toole et al., 2017; Wilson, 2014; WorkSafe, 

2018a; Zou & Sunindijo, 2015).  Some organisations offer specific templates for safety risk 

registers (Lyon et al., 2016; NZTA, 2011; UK Health and Safety Executive, 2018; Wilson, 2014), 

where others suggest the areas for consideration (Stewart, 2014).  In the author’s experience, 

safety risk registers vary widely in their format and content. 

2.3.3  Safety Reports 

Some industry guidance suggests a design safety report is created that includes information 

about the purpose of the project, the parties consulted, the hazards identified including 

hazardous materials, specific design features, and recommended control measures across the 

lifecycle (WorkSafe, 2018a).  Other industries require a ‘safety case’, which is similar to a report 

and has pre-defined subjects to be covered that provide regulators with the assurance that 

safety risks are managed (Neilson et al., 2007; Stewart, 2014).   

2.3.4  Other methods and artefacts 

There are many other techniques discussed in the literature, including Preliminary Hazard 

Analysis (PHA), Hazards and Operability Analysis (HAZOP), Hazard Identification (HazID), Failure 

Mode Effects Analysis (FMEA), Fault Tree Analysis (FTA), Human Reliability Analysis (HRA), Layer 

of Protection Analysis (LOPA), Interface Safety Analysis, Bow-Tie, Root Cause Analysis (RCA), 

and many others (CENELEC, 2017; Dhillon, 2018; Drogoul et al., 2007; Lyon & Popov, 2017; Lyon 

et al., 2016; Peace, 2015, 2017; WorkSafe, 2018a).  These vary in complexity, format, and the 

expertise required to undertake them (Dhillon, 2018). 

2.4  What are the purposes of the artefacts? 

The purpose of Safety in Design artefacts is the identification of new risks, to assist with 

communication of risks to downstream participants, and for assurance purposes (Nejad, 2014).  

These are described briefly below. 
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2.4.1  Identification and management of new risks 

While risks can be identified without creating any specific artefact (Rae & Provan, 2018, pp. 4–

5), the process of creating and populating artefacts assists the designer in the identification of 

safety risks (Dhillon, 2018).  For example, a Failure Mode Effects Analysis (FMEA) assists the 

identification of safety risks by identifying the potential root causes of operational failures 

before they occur as it requires stepping through the systems and subsystems systematically 

(Dhillon, 2018, pp. 71–72).  This assists with improving knowledge about the system during 

decision-making, such as whether to modify the design or control the risks using lower order 

controls.  

While safety risk registers are cited as a means of recording and managing identified risks (Toole 

et al., 2017; Wilson, 2014), their utility in supporting the identification of new risks is unclear.  

Additionally, while the literature suggests various collaborative ways to populate a safety risk 

register to identify risks, in the authors experience this can be a time consuming or frustrating 

exercise for those involved when undertaken in a group setting. Additionally, groups of 

individuals left to populate a hazard risk register on their own can result in duplication, 

disagreement, confusion, and different expressions of risks, causes, and events.    

2.4.2  Communication of risks 

There is a general notion that risks should be communicated to downstream participants to 

allow them to avoid harm (Australia & Safety and Compensation Council, 2006; Coble & Blatter, 

1999; Cooper et al., 2004; Lyon et al., 2016; Nejad, 2014; WorkSafe, 2018a).  As discussed above, 

designers might only be capable of identifying about half of the construction risks, and 

construction contractors might believe the designers' risk identification has little effect on their 

safety management (Gambatese et al., 2008, p. 687; Hardison, 2018, p. 29).   

Some literature suggests that risks identified in later lifecycle phases are communicated to 

those undertaking earlier lifecycle activities on other projects to allow them to refine their 

approach (Australia & Safety and Compensation Council, 2006; Stewart, 2014). However, there 

are barriers to communicating risks, such as fear of legal liability or retribution from the safety 

regulator (Coble & Blatter, 1999; WorkSafe, 2018a). 
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2.4.3  Assurance purposes  

Safety in Design artefacts are sometimes created to provide others with assurance that risks 

have been managed (Carnie, 2016; Nejad, 2014; Rae & Alexander, 2017).  Rae and Provan make 

this distinction between ‘structural safety work’ used to persuade others that safety has been 

appropriately managed, and ‘physical safety work’ that is undertaken to change outcomes 

during the operational activity (2018, pp. 2–3).  Structural safety might persuade stakeholders 

that risks have been sufficiently managed, though unless the activities result in physical safety 

work, it can provide a false sense of confidence (Rae & Alexander, 2017; Vaughan, 2004).   

2.4.4  Summary of artefacts created 

There are many types of artefacts discussed within the literature and several reasons that 

artefacts from Safety in Design are created.  These generally fall into the categories of assurance 

to others that safety work has occurred, to support the communication of hazards to others, 

and to provide a structured means to improve knowledge about the design to support better 

decision-making with the goal of minimising future safety risks.   

2.5  What are the limitations of Safety in Design? 

This section discusses the limitations of Safety in Design, including challenges with decision-

making, assessing risks, general problems with undertaking Safety in Design in practice, 

probative blindness, problems with risk acceptance, lack of recognition of hindsight bias, and 

discrepancies in the literature on the hierarchy of controls.   

2.5.1  Assessing risks and making decisions 

As mentioned, Safety in Design is a risk management activity that provides a means to avoid 

unwanted losses through the assessment and management of risk management practices 

(Aven, 2009; Cretu et al., 2011; Lingard et al., 2013).  A significant body of literature discusses 

the considerable difficulties when assessing risk, and the challenges in making decisions that 

involve the assessment of risk (Althaus, 2005; Athearn, 1971; Aven, 2010; Aven & Renn, 2009; 

Bell et al., 1988; Bjerga, Aven, & Zio, 2016; Hansson, 2010; Kahan, Slovic, Braman, & Gastil, 

2006; Slovic, 2000; Slovic & Peters, 2006).   
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Good risk-based decision making is generally challenging and may not always yield intended 

results (Behm et al., 2014; Hallowell & Hansen, 2016; Hardison, 2018; Lingard et al., 2013). 

Those making risk-based decisions can suffer ‘bounded rationality’, ‘imperfect rationality’, 

‘judgement bias’, ‘satisficing’, and ‘irrationality’ (Reason, 1990, pp. 40–45).  As noted by Bell et 

al. “decision-makers are not an economic automaton; they make mistakes, have remorse, suffer 

anxieties, and cannot make up their minds” (1988, p. 9).  Deciding between two disparate 

options such as whether to expose workers to a short-term hazard of working in a confined 

space during construction, or retain an operational risk of an in-ground fibreglass tank where 

vehicles are used, can be difficult.   

Owners and downstream participants can influence the decision-maker into making changes 

that support their specific operational needs or financial constraints. This reduces the 

decision-maker’s ability to balance all aspects of design across project cost, quality, form, 

function, and safety for all stakeholders in all lifecycle phases (Lingard et al., 2012).  Project 

managers, designers, and owners also have interdependencies and constraints applied on them 

from others, which influence how they frame objectives with the decision-maker (Bell et al., 

1988; Bruijn et al., 2010, p. 14). 

Contemporary safety and risk management guidance suggest that risk assessment is an ongoing 

process which is typically articulated through a requirement to ‘monitor and review’ risks 

(Cooper et al., 2004; WorkSafe, 2018a; Zou & Sunindijo, 2015).  While this provides an ongoing 

opportunity to reduce risks, there is a need for repeatedly good risk-based decision-making to 

reduce all safety risks.  

Additionally, Aven (2010) explains that a ‘high-consequence low occurrence’ risk is sometimes 

assigned the same relative weighting as a ‘low-consequence high-occurrence’ risk.  For 

example, use of a risk matrix for risk computation can give equivalency to ‘a possible fatality’ 

and ‘a likely day off work due to illness’ (Lyon & Popov, 2017, p. 40).  Some literature suggests 

placing more attention on the consequence dimension of safety risks, which hints at differences 

in risk management and safety management (Procter & Henderson, 2016; WorkSafe, 2017, p. 

2).   

Pressures on decisionmakers also include budget constraints, advice from experts, personal 

preferences, utility, individual and group motivations, the framing of the problem, and other 

factors that impact the normative, descriptive, and prescriptive axioms in decision-making (Bell 

et al., 1988, pp. 8–10).   

 



32 
 

2.5.2  General problems with Safety in Design 

Cobble and Blatter (1999) explore a range of issues with Safety in Design in practice.  These 

issues include commercial tensions for the designer, commercial pressures on the construction 

contractor, designer’s access to contractors, fear of legal liability, standardised industry 

contracts that do not require Safety in Design, difficulties with insurances, and separation of 

designer and constructor.  Even under a joint ‘design and build’ arrangement where the 

designer and construction contractor are procured together, the contractor has little 

responsibility or involvement in the operations and maintenance or disposal phases and their 

contractual motivations are toward optimising construction (Coble & Blatter, 1999).   

When undertaking design, a design and construct contractor can reduce risks in the 

construction phase benefiting themselves while creating new risks in the operations and 

maintenance phase (Hardison, 2018).  For example, a contractor using a raised platform during 

construction can install light fittings in a high ceiling with relative safety, yet the location of the 

fittings necessitates the use of ladders that pose a hazard to maintenance staff.  Cost and time 

pressure on the relatively short construction phase might not be sufficient for the contractor to 

include elevated walkways to access the fittings, and their omission can have a long-lasting 

effect during the relatively long operational phase (Walline, 2014).   

While contemporary regulations and contractual mechanisms can curb intentional transfer of 

risks between project lifecycle phases, commercial pressures and lack of understanding of 

downstream activities can still result a ‘less than optimal’ risk profile for the entire lifecycle 

(Coble & Blatter, 1999; Hardison, 2018; Walline, 2014; WorkSafe, 2018a).  Gambatese also 

notes that “even when a designer has done all they can, the contractor might proceed to work 

unsafely” (2008, p. 688). 

Some industry guidance suggests that all downstream participants, such as operations and 

maintenance, should be involved early in the project to support the designers' decision making 

(Hecker, Gambatese, & Weinstein, 2005; WorkSafe, 2018a).  This approach has many barriers, 

including the way projects are procured (Australia & Safety and Compensation Council, 2006).   

Normal accident theory might also suggest that separation between the designer and the 

downstream phase participants is beneficial to safety because communication between 

organisations is simplified (Perrow, 1999).  However, contemporary industry guidance suggests 

that increased collaboration is required to improve safety risk by improving knowledge in the 

early phases of a project to support better decision-making (WorkSafe, 2018a).   
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Projects also face challenges such as clients intentionally limiting the involvement of 

downstream participants in the early stages, lack of client and designer’s commitment to safety, 

organisations resigned to poor safety performance, staff turnover during projects, organisation 

resistance to change, and a focus on minimum compliance rather than best safety outcomes, 

amongst others (WorkSafe, 2018b).   

Lin (2008) suggests there is a close relationship between the practice issues with Safety in 

Design and business practices of the organisation responsible for undertaking Safety in Design.  

If the business does not have good practices, then the Safety in Design will not be complete.  

Problems with general business practices may arise from company size, skillset, performance, 

language barriers, insurance, capacity, and also perceived liability issues (Lin, 2008).   

Ultimately, a number of factors limit the application of Safety in Design in practice, including 

“political, legal, cultural, contractual, and educational barriers” and as well as low organisational 

and regulatory motivations for safety, and lack of knowledge on how to carry out risk 

assessments (Hallowell & Hansen, 2016, pp. 254–262; Szentes, 2010; Zou, Yu, & Sun, 2009, p. 

3).  This has led to efforts to improve decision-making during design through tools, processes 

and improving information available to the designer, as well as legal requirements to prioritise 

safety during design (Australia & Safety and Compensation Council, 2006; Gambatese et al., 

2008; WorkSafe, 2018a; Zou et al., 2009). 

2.5.3  Probative blindness 

When a Safety in Design activity is carried out, there can be an over-reliance and over-

confidence that the activity and artefacts will provide a safe outcome.  If an organisation does 

not fully understand the downstream reality, complicated risk assessments can provide a false 

sense of belief that the downstream activities will be safe.  This belief can arise from 

organisational culture, established business practices, and organisational bureaucracy 

(Feldman, 2004; Rae & Alexander, 2017; Vaughan, 2004).  ‘Probative blindness’ arises when “an 

organisations beliefs about safety do not reflect the real world, even when great efforts have 

been expended on safety activities” (Rae & Alexander, 2017, p. 2; Vaughan, 2004).  For example, 

if a range of Safety in Design workshops are carried out and the designer creates a 300-page 

‘Safety in Design report’ the organisation might believe that construction, operations, and 

maintenance will be safe.  While the designer may be confident in their risk assessments, they 

may have focused on end-users and maintenance staff risks and failed to sufficiently consider 

construction safety or hazards that lead to chronic illness (Toole et al., 2017, p. 8).  Similarly, 

‘compliance’ with the building code and regulations could provide a false belief that all safety 

has been optimised for all activities, across the project lifecycle, where the building code only 

considers a limited subset of risks (MBIE, 2014, p. 17).   
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2.5.4  Problems with risk acceptance 

Safety in Design literature varies widely as to the acceptable reduction of risk to ‘safe’ levels.  

The literature generally suggests that Safety in Design and the application of the hierarchy of 

controls is applied to ‘eliminate or minimise the risk’ (Australia & Safety and Compensation 

Council, 2006; Gangolells et al., 2010; Zou & Sunindijo, 2015).  Christensen notes that achieving 

zero risk “is generally unattainable or very costly” and that Safety in Design aims to meet 

‘acceptable levels’ of risk (Christensen, 2011, pp. 60–61), though perceptions of the 

acceptability of risk can be problematic (Aven, 2007).   

Some literature states the aim of Safety in Design is to reduce the risk ‘So Far As Is Reasonably 

Practicable’/SFAIRP or ‘As Low As Reasonably Practicable’/ALARP (Floyd, 2015; Lingard et al., 

2013; Oldham, Cunningham, Spinetto, & NZ Transport Agency, 2017).  Floyd suggests that the 

application of the hierarchy of controls is ‘widely accepted method’ and a highly suitable way 

to reduce risk ‘ALARP’ (2015, p. 4263). However, practical decision-making with ALARP or 

SFAIRP can create an additional complication for decision-makers (Bell et al., 1988; Lingard et 

al., 2013).   

ALARP & SFAIRP require assessment of factors including “the type and severity of potential 

harm, the likelihood of the risk, the ways of eliminating or minimising the risk, and the cost of 

implementing those ways, and whether the cost is grossly disproportionate to the risk” 

(WorkSafe, 2018a, p. 52).  Specifically, there can be significant problems when defining or 

estimating costs, and determining whether the cost is grossly disproportionate to the risk 

reduction can be problematic (King, 2016, pp. 47–48; Oldham et al., 2017, p. 31; Peace, 2017; 

Procter & Henderson, 2016).  In practice, a decision-maker can spend a lot of effort undertaking 

complicated SFAIRP assessments contributing to the organisation’s probative blindness. 

The means of risk acceptance is also dependent on industry and jurisdiction.  In New Zealand, 

risk acceptability for buildings is generally through the achievement of ‘acceptable engineering 

standards’ within the building code (MBIE, 2014; WorkSafe, 2018a, p. 31).  However, there is a 

further legislative requirement that worker safety risk is reduced ‘so far as is reasonably 

practicable’ that is not articulated in the building code (Health and Safety at Work Act, 2015; 

King, 2016; Oldham et al., 2017; Peace, 2017; WorkSafe, 2018a).  This may complicate risk-

based decision-making or create confusion for Safety in Design practitioners when assessing 

risk for transport infrastructure projects.   
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2.5.5  Safety in Design, hindsight, and Newtonian reductionism  

Safety in Design, as a risk management practice, is based on the belief that the decision-maker 

has control of the safety risks faced by those later in the project lifecycle (Gambatese et al., 

2008, p. 687).  In order to verify this relationship, many of the studies discussed earlier in this 

paper reviewed accidents that occurred in the past to determine whether decisions during the 

design phase were a contributing factor (Australia & Safety and Compensation Council, 2006; 

Gambatese et al., 2008; Hardison, 2018; Lingard et al., 2013).   

Exploring accidents to determine whether decisions during design was a contributor might 

suffer from hindsight bias (Fischhoff, B, 2003; Reason, 1990; Roese & Vohs, 2012).  Fischhoff 

notes “that which passes as the wisdom of hindsight often contains heady doses of sophistry – 

that the perceived inevitability of reported outcomes is imposed upon, rather than legitimately 

inferred from, the available evidence” (Fischhoff, B, 2003, p. 13).  That is, asking experts 

whether a specific accident is linked to a design decision primes a cause-and-effect Newtonian 

relationship where the accident is attributed to a specific decision, where it could have 

reasonably emerged through complexity (Dekker, Cilliers, & Hofmeyr, 2011; Leveson, 2011).   

People are subject to a range of contributing factors for hindsight bias including ‘foreseeability’ 

where one believes they would have foreseen the event; ‘inevitability’ where one believes the 

past event was predetermined given the circumstances; ‘knowledge updating’ where “new 

information selectively activates and strengthens compatible information in memory”; and 

‘sensemaking’ where “a collection of events seem more coherently interconnected” (Roese & 

Vohs, 2012, pp. 413–414).   

The information provided might allow the expert to develop some causal link to the accident 

and result in them suggesting a different course of action that they believe would avoid the 

accident.  However, their alternate choice would never be judged by any new reality, such that 

new and different accidents could also emerge due to complexity. 

While learning from accidents is considered important for improving safety (Holloway & 

Johnson, 2006), we must also take care to avoid incorrectly attributing the causes (Leveson, 

2011; Vaughan, 2004).   
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2.5.6  Hierarchy of controls  

Safety in Design claims that higher-order controls are more effective for reducing risk, and many 

authors suggest that this is because higher-order controls do not rely on the actions of workers 

to do the right thing, every time, at the right time (Australia & Safety and Compensation Council, 

2006, p. 17; Nejad, 2014, p. 31; WorkSafe, 2018a, p. 20).  Hardison notes that “while the 

hierarchy of controls provides an important tool for improving safety, it is not founded in 

scientific law via experimental observations, but rather through consensus” and “there is no 

research which tests the quantity of safety risk reduction among the different levels of the 

hierarchy of controls” (2018, p. 43).   

There is also a lack of consensus whether the availability of the hierarchy of controls changes 

over time.  Lingard (2012) provided an example where the ability to provide an engineered level 

walkway became unavailable as the project lifecycle progressed, supporting the notion that the 

availability of higher-order controls diminishes during the project lifecycle.  Other authors 

suggest that all levels of the hierarchy of controls may be available in all lifecycle phases (Nejad, 

2014, p. 43), though this may only be for certain risks or in certain circumstances.   

For example, the decision to install a barrier separating a footpath from moving machinery 

could be equally available during the design phase as it is during the construction or operational 

phases.  In this hypothetical example, a barrier is no less available at the later stage, and the 

costs could be the same irrespective of the timing of the decision.  However, if the barrier 

creates a need for additional fire sprinklers, then the additional costs may lead decision-makers 

to rule it out as a viable safety control. 

2.5.7  Summary of the limitations with Safety in Design 

This section discussed the limitations of Safety in Design and noted that good decision-making 

is difficult due to individual biases, influences, framing and that consistently good decision-

making is required to avoid bad decisions increasing risks later in the project lifecycle.  An 

overview of some of the problems with Safety in Design is provided, including commercial and 

operational tensions, separation of designers from others in the lifecycle, and organisational 

shortcomings and motives.  The notion of probative blindness is introduced where there is over-

reliance and over-confidence on the work that is done, creating a false sense of belief that risks 

are lower than reality would suggest.  One example is offered where demonstration of 

adherence to the building code might create a belief that all safety risks are managed.  The 

general problems with risk acceptance are discussed, and this highlights the complexity for 

decision-makers where other factors such as ‘gross disproportionality’ against costs are 

introduced.   
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Overall, there is a general lack of recognition of hindsight bias in the foundational studies that 

many claim provides empirical evidence that Safety in Design is effective at managing project 

lifecycle risk.  These studies are generally ‘rearward looking’, and the methodology used does 

lend itself to the introduction of hindsight bias primed through cause and effect Newtonian 

thinking.  The discrepancies within the literature on the hierarchy of controls suggests that it is 

only an agreed idea that higher-order controls are more effective than lower-order controls, 

and this has not been tested or empirically verified.  Jensen states that “compared to other 

scientific fields, the safety profession is less developed and not yet near a point of agreeing on 

many fundamental concepts and aspects of the practice” (2007, p. 30).  Given the limitations 

with Safety in Design and the lack of empirical studies supporting its claims, more can be done 

to improve the science supporting or refuting the claims of Safety in Design.   

2.6  What does the literature say about how Safety in Design can be 

improved? 

The idea that the designer’s ability to identify downstream risks ‘needs to be improved’ is a 

common theme across the literature.  Many authors suggest that the designers' ability to 

identify risks can be increased through experience, undertaking training and education, 

checklists, different means of contracting, or involving downstream participants (Behm et al., 

2014; Christensen, 2011; Mann, 2008; Toole et al., 2017).   

Separately, there is emerging automation of hazard identification through modelling, 

simulation, and machine learning to supplement the lack of knowledge at the design stage, 

where certain classes of hazard are identified by algorithms, and controls are automatically 

applied within in the design (Zhang et al., 2015; Zou et al., 2009).  While this offers some 

promise, the current range of hazards and controls is quite limited, and the approach does not 

yet cover a wide range of activities or risks.   

Zhou et al. noted that large-scale projects and larger organisations tended to have lower 

accident rates, and hypothesise that this is could be due to greater project resources to educate 

workers on the management of risks (2015, p. 347).  There is an opportunity to understand 

whether larger organisations are more likely to undertake more thorough Safety in Design 

activities, or whether the larger organisation has access to more people to support better 

decision-making.   

Many of the studies explored note that more empirical studies are required to determine the 

effectiveness of Safety in Design (Hardison, 2018; Nejad, 2014; Toole et al., 2017; Zou & 

Sunindijo, 2015).   
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2.7  Are there any gaps in the literature?   

The studies to date suggest the degree of control that Safety in Design provides is quite limited.  

The studies relied heavily on experts making connections between accidents and earlier 

decisions, which are subject to hindsight bias and ‘connecting the dots’.  There were no studies 

that explored a forward-looking view on how designers in the early phases of a project intend 

to influence safety in the later lifecycle stages.  This raises the questions: how do designers 

intend to influence safety risks in later lifecycle phases?  What decisions are designers making, 

and is the designer’s decision-making evident in project artefacts? 

Hardison (2018) suggests that the attempts of designers to reduce risk in one lifecycle phase 

could inadvertently introduce new risks in another lifecycle phase through ‘risk shuffling’.  Is 

this a problem?  Is there evidence of risk shuffling within Safety in Design outputs?   Are the 

risks across all of the later lifecycle phases being assessed, or are Safety in Design activities 

focused only in one lifecycle phase? 

The types and form of Safety in Design artefacts are broad-ranging.  Literature and industry 

guidelines suggest a range of artefacts are created, such an updated design, safety risk registers 

or hazard logs, safety reports, or one or more documented technical methods.  Additionally, 

the literature suggests that Safety in Design artefacts are created for a range of reasons, 

including risk management, communication, and assurance.   

There were no available studies available that explored which artefacts were being created as 

a result of a Safety in Design activity, or why.  This raises questions of what artefacts are being 

created by industry, and what are those artefacts are trying to achieve? 

While the purpose of Safety in Design is to reduce risk in downstream lifecycle phases, Nejad 

(2014) observed that Safety in Design artefacts contained statements that were outside of the 

Hierarchy of Controls. This included mention of adherence to codes and standards, the 

achievement of legal compliance, and following company rules.  Is this widespread in Safety in 

Design? What justifications are evident by designers within Safety in Design artefacts? 

Zhou et al. (2015) also noted there is a lack of studies in the transportation and large-scale 

infrastructure domain.  Does the transportation infrastructure sector utilise Safety in Design? 

What artefacts are they creating? How do they influence safety? 
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2.8 What questions arise from the literature?  

The following questions arise from this literature review: 

1. What Safety in Design artefacts are created in practice?  

2. How are practitioners using Safety in Design to influence safety outcomes? 

3. What justifications are used within Safety in Design?  

4. Is risk shuffling a problem? 

The next section will describe the approach to answering these questions.   

Chapter 3: Study Design 

3.1  Problem restated  

As discussed in the literature review, Safety in Design is claimed to be an effective means for 

eliminating and minimising safety risks within the project lifecycle.  However, Safety in Design 

has many pitfalls and challenges, and the effectiveness of Safety in Design is not well 

understood.  The approaches used by practitioners to undertake Safety in Design is largely 

unknown, and it is unclear how practitioners use Safety in Design to influence safety outcomes.   

In response to the above problem, the study aims to understand how practitioners of Safety in 

Design influence safety outcomes.  The study uses an interpretative paradigm and explores 

Safety in Design artefacts from transport infrastructure projects using content analysis and 

thematic analysis.  The interpretive approach, content analysis and thematic analysis provide 

insights into Safety in Design practices from the received artefacts.   

3.2  Study objectives  

The aim of the study is to understand how Safety in Design, as a practice, influences safety 

outcomes.  In order to answer questions that arose from the literature review, the following 

Study Objectives (SO) are defined: 

• SO1: Identify the types of artefacts created during Safety in Design. 

• SO2: Identify how practitioners influence safety in later project lifecycle phases. 

• SO3: Identify how practitioners express safety decisions. 

• SO4: Identify whether risks are transferred between lifecycle phases. 

Achievement of the study objectives aims to provide a greater understanding as to how Safety 

in Design influences safety outcomes. 
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3.3  Methodology 

3.3.1  Considerations for the methodology 

To understand how safety practitioners attempt to influence safety in the project lifecycle, 

careful consideration is required for the paradigm from which the problem is approached, and 

the study methodology employed.  Methodological approaches include the quantitative 

methods founded in the natural sciences, qualitative methods generally applied in the social 

sciences, or some combination (Bhattacherjee, 2012; Rozin, 2001).  While engineering practices 

are grounded in the natural sciences with repeatable calculations for strength, yield, concrete 

curing times, and voltage drop on long cables, the practice of Safety in Design relies on human 

thought.  Safety in Design is a risk management activity that requires “a judgement made by a 

person or the application of some knowledge to uncertainty” and relies on the mind and the 

participant’s interpretation of their world (Althaus, 2005, pp. 568–569).  This suggests that an 

approach grounded in the social sciences will offer the greatest insights.   

3.3.2  Interpretative paradigm  

The interpretative paradigm holds the ontological position of constructivism/relativism and the 

epistemological position of subjectivism, where reality is subjective to the consciousness of the 

person experiencing it (Bhattacherjee, 2012; Corbetta, 2003; Scotland, 2012).  The 

interpretative approach allows for a holistic and contextual interpretation of meaning, though 

in order to do so effectively requires a ‘systematic and transparent approach to data collection 

and analysis’ (Bhattacherjee, 2012, p. 105).  This requires the researcher to be transparent 

about their collection of research information and their analysis.  In contrast to purely statistical 

techniques, an interpretive ‘mixed-mode’ approach allows the collection of both qualitative and 

quantitative information, which supports the development of new insights through structured 

interpretation and ‘sense-making’ (Bhattacherjee, 2012; Corbetta, 2003; Scotland, 2012).   

Corbetta (2003) notes that epistemologically, interpretivism collapses the separation between 

the researcher and the study where the researcher becomes part of the study, unlike the 

objectivist paradigms where detachment and objectivity are desired and maintained.   

Interpretivism requires the researcher to embed themselves within the study, and this allows 

the researcher to gain a greater understanding (Scotland, 2012).  Interpretivism is supported by 

the methodological approaches of empathetic interaction, interpretation, case analysis, and 

induction (Corbetta, 2003, p. 14).   

To mitigate the researcher’s biases and their own subjectivity, Bhattacherjee recommends six 

principles are applied (2012, pp. 105–106).  Table 2 provides an overview of the six principles, 

and associated study requirements are created and applied. 
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Principle Explanation  Study Requirements 

Naturalistic inquiry Social phenomena are studied within 
their natural setting unmodified. 

SR1: The form and tone of the collected 
industry artefacts are not altered. 

Researcher as an 
instrument 

The researcher is part of the social 
context, and their personal insights 
captured, and biases recognised. 

SR2: The researches biases are 
acknowledged. 

SR3: Personal insights are documented 
during the study.   

Interpretive analysis  Interpretations must occur at two levels: 
observation and meaning  

SR4: Direct observations are documented 
separately from interpreted meanings. 

Expression Non-verbal/written information is 
captured to assist in the interpretation  

SR5: Observations are made on the form 
and expression of industry artefacts  

Temporal nature The researcher should be immersed in 
the subject matter for a length of time  

SR6: The researcher’s immersive 
experience in the subject matter is 
documented. 

Hermeneutic circle  Iteration between observations and 
meaning is required until ‘theoretical 
saturation’ is reached, whereby further 
iterations do not yield more insight.   

SR7: Iteration between observations and 
meaning is undertaken to theoretical 
saturation to support hermeneutic 
understanding.   

Table 2 - Principles for interpretive research 
 (Bhattacherjee, 2012, pp. 105–106). 

The study requirements in Table 2 above are managed throughout the study with reflection in 

Appendix 4.  Artefacts are reviewed in their original form, and direct observations are separated 

from interpretation and meaning in the narrative.  The researcher’s biases are acknowledged 

in Appendix 2, and the immersive experience, including the effort to reach theoretical 

saturation, is described in the following sections. 
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3.4  Method  

There are a number of options for resolving the study objectives, including case studies, 

observation, data collection, interviews, longitudinal studies, or statistical analysis, and others.  

Table 3 explores the merits and shortcomings of the approaches considered for undertaking 

the study, in relation to the study objectives.   

Approach  Merits  Shortcomings 

Case study A case study provides an immersive 
experience and supports in-depth 
comprehensive information gathering 
through case analysis.   

Would be limited to the case being 
studied within one organisation and may 
not provide insight into wider practitioner 
practices in general.  Limitations of 
practical time limit this approach.   

Observing Safety in 
Design workshops 

Observing workshops provides an 
immersive experience and supports in-
depth comprehensive information 
gathering through interpretation. 

Workshops may be sporadic, and there 
may not be sufficient numbers of 
accessible workshops to gain 
representative information.  Workshops 
also form a limited part of Safety in 
Design.   

Interviewing 
practitioners  

Interviews allow for question and answers 
to improve the researchers understanding 
through empathetic interaction.   

There may be a tendency for interviewees 
to express how they believe the ‘ideal 
Safety in Design’ should be conducted, 
rather than practically what is achieved. 

Undertaking a 
longitudinal study of 
a project to see how 
decisions played out 
in practice 

A longitudinal study allows multiple parts 
of the lifecycle to be explored.  This allows 
the researcher to ‘follow’ decisions across 
the lifecycle to see how they became a 
reality, and query artefacts along the way, 
and supports case analysis.   

The time required for a longitudinal study 
exceeds the practical time available for 
this research.   

Gathering large 
amounts of data and 
undertaking 
statistical analysis 

Large amounts of data would allow for a 
measurable analysis of information types 
and statements to provide slightly more 
certainty in results than opportunistic 
sampling to support the inductive 
interpretation.   

Acquisition of large amounts of data to 
support quantitative analysis is difficult, 
and there may not be a sufficient number 
of artefacts available in the area of 
interest.   

Collect available 
Safety in Design 
artefacts  

Opportunistic and solicited collection of 
artefacts from industry allows the analysis 
of ‘performative’ activities of Safety in 
Design, which remain after a Safety in 
Design activity is completed.  Safety in 
Design artefacts should be ‘readily 
available’ for submitting to the 
researcher.    

The insight gained from Safety in Design 
artefacts may be limited, and it may be 
difficult to trace or follow any 
recommendations within Safety in Design 
artefacts to their conclusion in the real 
world.   

The readily available artefacts acquired 
using opportunistic and solicited collection 
may not be a true representation of all 
artefacts that are created and does not 
capture what happens when artefacts are 
not created.   

Table 3 - Approach options 
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The collection of available Safety in Design artefacts provides a tangible grounding for 

‘evidence-based observations’ upon which logic and theory can provide meaning and 

significance to support new knowledge acquisition (Bhattacherjee, 2012, p. 3), and 

generalisation can be achieved through induction and interpretation from empirical 

observations (Corbetta, 2003, p. 15).  While the collection, review, and analysis of available 

Safety in Design artefacts provided by industry enables an interpretive approach, and content 

analysis and thematic analysis provide suitable methods for gaining the knowledge to meet the 

study objectives, limited number of artefacts will only allow limited insight into practices.  

Document artefacts also provide a permanent record of the performance of Safety in Design, 

that provide some insight into how Safety in Design is practised.  

3.4.1  Content analysis 

Content analysis provides a flexible “systematic and objective means of describing and 

quantifying phenomena” that can be used with “quantitative or qualitative data using an 

inductive or deductive approach” (Elo & Kyngäs, 2008, pp. 108–109).  While subjective, 

tabulation and quantification of content through content analysis provides insight to support 

interpretation (Bhattacherjee, 2012).  Content analysis is used to identify and characterise the 

types of artefacts created during Safety in Design (SO1), and identification of risk analysis 

between lifecycle phases (SO4).   

3.4.2  Thematic analysis  

The thematic analysis supports interpretivism and also draws from other ontological and 

epistemological positions and paradigms including grounded theory, positivism, and 

phenomenology which are “synthesised into one methodological framework” (Guest, 

MacQueen, & Namey, 2011, p. 15).  The goal of thematic analysis is to interpret and make sense 

of the data through the themes within it, and thematic analysis offers a flexible and effective 

analytical method for identifying patterns in qualitative data (Clarke & Braun, 2013; Maguire & 

Delahunt, 2017).   

Thematic analysis is used to identify how practitioners aim to influence safety in later lifecycle 

phases (SO2), and identify how practitioners express safety decisions (SO3).   

3.4.3  Reflexivity 

The researcher is part of the social context of this study, and the author’s biases and own 

subjectivity are recognised in the statement provided in Appendix 2.   
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3.5  Data collection 

To achieve the study objectives using the defined methodology and method, Safety in Design 

artefacts are required.  Zhou et al., (2015) note there are gaps in the study of Safety in Design 

in transportation projects, and there is also an opportunity to explore this domain due to the 

author’s employment and relationships within the transportation infrastructure project 

community.  Table 4 lists the identified challenges with data collection, and the additional study 

requirements to overcome them.  A summary of the achievement of these requirements is 

provided in Appendix 4. 

Potential challenges Additional Study Requirement (SR) continued from Table 2 

There is an insufficient range of organisations, 
authors, and projects gain a sufficient 
understanding of the application of Safety in 
Design in practice in transport infrastructure 
projects.   

SR8: Industry data is sought from a range of organisation on a range of 
transport infrastructure projects.  This includes public and private 
entities, consultants and contractors, and industry groups in order to 
ensure a sufficient cross-section of example artefacts.   

SR9: Limitations associated with a limited set of data are acknowledged.   

The example Safety in Design artefacts are not a 
true representation of work that is performed 
because ‘Safety in Design champions’ send 
‘good’ examples, or many examples are received 
by the same author(s). 

SR10: Industry data is sought from a variety of sources, and where the 
same author has produced multiple artefacts, this will be acknowledged. 

Some projects or organisations have not adopted 
Safety in Design as a practice and have no data 
to provide.   

SR11: Limitations of the study are recognised.   

Some organisations may not produce documents 
they consider to be Safety in Design artefacts. 

SR12: The study does not specify the type of artefact requested, and the 
request is clear that any artefact crated during Safety in Design is 
relevant.  Limitations will be acknowledged. 

The approach to the study introduces biases in 
the results, or the author’s biases influence the 
results 

SR13: A methodology is chosen that minimises biases, and the biases of 
the author will be recognised.   

Table 4 - Study requirements 

3.5.1  Requests for data 

Safety in Design artefacts were requested between 01 April 2019 and 30 July 2019 using the 

letter at Appendix A.  Requests were sourced using email to multiple organisations and by 

posting on a national safety forum, which received over 272 views (Harper-Slade, 2019).  The 

request went to organisations that included:  

• Large national and local government-owned public transport providers who procure 

large projects for road, rail, maritime, and airport infrastructure;  

• National and international consultancies that provide design services for transportation 

infrastructure in New Zealand; 
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• New Zealand construction industry groups whose membership includes clients, design 

consultants, contractors, utility operators, and operators of bus, rail, and maritime 

services; 

• Two national health and safety working groups with members from multiple 

infrastructure sectors;  

• A national health and safety forum; and  

• Professional services consultants that provide design services to the organisation where 

the author is currently employed. 

Artefacts, where the author provided content or held a high degree of influence, were 

intentionally omitted from the data sourcing, in order to support the achievement of the study 

objectives.   

3.5.2  Acquiring Safety in Design artefacts  

The request for Safety in Design artefacts resulted in 11 respondents providing 31 unique 

artefacts.  The request left it up to the respondent to decide what they considered a ‘Safety in 

Design artefact’ though some examples were provided.  This was an attempt to widen the 

possible forms of response and increase the range of artefacts beyond asking for ‘Safety in 

Design safety risk registers’.  A range of artefacts was expected, such as document formats 

including bow-tie, FMEA, HazOp, minutes, registers, reports, and potentially other formats such 

as whiteboard photos, fly-through videos, databases, or 3-D models such as those discussed by 

Zhang et al., (2015). 

The author received four clarifications on ‘what was meant by Safety in Design artefacts’, and 

three people offered their organisation’s Safety in Design guidelines.  The guidelines are not 

considered an artefact of Safety in Design but rather a ‘rule and system’ that aims to provide 

certainty and predictability in the Safety in Design work (Rae & Provan, 2018, p. 3).  The question 

‘what is meant by Safety in Design artefacts?’ suggests that there may not be a good 

understanding of what is considered an output of a Safety in Design process, although such 

questions can also be interpreted as people being cautious in order to be helpful.   

One potential respondent stated they had difficulty gaining permission to release information 

from within their organisation, and no information was received from them.  Two respondents 

contacted the author for clarification on how the information would be stored and used, and 

one followed up with artefacts where the other did not.   
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One consultant contacted the author to say they had asked permission from their client to share 

information from a recently completed project. The author followed up a few weeks later, and 

permission from the client was still outstanding.  The respondent may have received permission 

and forgotten, or perhaps organisations are not willing to share Safety in Design outputs due to 

fear of liability, judgement, intellectual property, or other reasons (Coble & Blatter, 1999; Hale 

et al., 2007).  The author personally knows nine of the respondents, which suggests that some 

degree of trust is required for sharing Safety in Design artefacts.   

The clarifications, queries, and barriers highlight that the researcher’s work starts from the basis 

of the respondent’s own understanding as to what constitutes a Safety in Design output, their 

motivations, willingness, and ability to share.  While the respondent’s motivations to sharing 

enable the study, potential respondents lack of motivation, barriers, lack of trust, and 

understanding of what is or is not a Safety in Design artefact limits the information available for 

the study.  In this way, both respondents and non-respondents have become participants in the 

research and influenced the study’s findings.   The diagram below provides a representation of 

the artefacts made available being limited by the respondent’s motivations, barriers, their 

understanding of what artefacts are relevant to Safety in Design, and what is accessible.   

 
Figure 6 - Safety in Design artefacts made available  

  

Barriers to responding 

Artefacts made available  

All Safety in Design artefacts created by industry 

Artefacts recognised as relevant to Safety in Design 

Safety in Design artefacts available to potential respondents  

Motivated respondents 
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Chapter 4: Analysis  

This section discusses the initial impressions of the artefacts and explores each of the study 

objectives.  The artefacts were received from various infrastructure domains, including rail, 

aviation, marine, road, cycleway, and related utility projects.  The utility projects include both 

utilities related to transport, such as early works to move or modify utilities for transport 

project, as well as one artefact for the upgrade of a utility plant.   

The 31 artefacts include six transport infrastructure domains, from various stages of the 

lifecycle, provided by 11 respondents from 10 different organisations.  The artefacts have 21 

separate authors although one author is credited with the creation of seven artefacts, a 

different author created three artefacts, two authors created two artefacts each, while all other 

artefacts were from unique authors.  The artefacts total over 1000 unique hazards with nearly 

4000 unique controls, mitigations, and actions.   

This provides a mix of projects, organisations, authors, and domains upon which to assess how, 

in general terms, Safety in Design practitioners attempt to influence project safety.  The insight 

gained from these artefacts will not be specific to any one organisation or transport 

infrastructure domain, though should provide enough material to gain insight into Safety in 

Design practices in transport infrastructure in New Zealand.   

Eight of the artefacts were created prior to the Health and Safety at Work Act (2015), and one 

of the eight was from an Australian project.  The request for Safety in Design artefacts from 

‘New Zealand projects that had been undertaken in the last four years’ was intended to gain an 

understanding as to whether practitioners are aiming to eliminate or minimise risks ‘So Far As 

Is Reasonably Practicable’ (SFAIRP) to meet the requirements of the Health and Safety at Work 

Act (2015) which came into force in 2016.  The underlying rationale for specifying ‘recent’ was 

intentionally obscure, due to concerns that referencing legislation would discourage responses 

(Coble & Blatter, 1999).   

The eight artefacts generated prior to 2015 may have been sent to the author by the respondent 

because they had ready access to them, or because the respondent considered them good 

examples, or that they were the only artefacts available because Safety in Design may be 

conducted infrequently.   
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Both of the Australian project artefacts are hazard risk registers.  One is from an aviation 

infrastructure project, and one is from a utility project. While they had different authors, they 

were both created within the same organisation that provided 12 other New Zealand projects, 

and are not markedly different.  The limited number of artefacts from Australian projects 

provides insufficient information to provide any meaningful comparison between Australian 

and New Zealand practice, although this could be an area for future research.  Because the two 

Australian project artefacts were similar to the New Zealand artefacts, they were included in 

the analysis. 

Initial impressions are that the artefacts look complete and professional, many with company 

logos, colours, and headings and pre-formatted fields for data entry.  Names of projects are 

present on most of the artefacts, and names of authors and verifiers sometimes listed near the 

top.  Some of the spreadsheets have many colours, including green, amber, and red cells used 

to show risk computation and draw the eye’s attention.  Many of the spreadsheets have text 

densely packed into them in small font.  There are multiple columns and multiple rows, some 

with many rows that require scrolling up and down and across in order to see and read the 

content.  Many of the artefacts contain a standard risk matrix, with definitions for consequence 

and likelihood.  Some of the spreadsheets have the risk matrix on the same tab, and some have 

it on a separate tab.  One report is extremely large and contains many pages of marked-up 

drawings, as well as a large safety risk register.   

4.1  SO1: Identify the types of artefacts created during Safety in Design. 

Artefacts were organised using content analysis into their domain and type of artefact, unitising 

into categories, using open coding, grouping, and classification (Bhattacherjee, 2012; Elo & 

Kyngäs, 2008).  Categories were defined from the codes within document headings, aligned to 

characteristics described in the literature (CENELEC, 2017; Dhillon, 2018).  The domains were 

evident through coding evident in the title of the artefact, as well as the content.  For instance, 

one of the workshop meeting records discusses ‘trains and railway infrastructure’ and did not 

mention any other modes of transport or utilities and so was classified as a rail project.   

A summary of received artefacts by domain and type is shown in Table 5.   
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Domain 
Safety 

risk 
register 

Memorandum 
Meeting / 
Workshop 

Record 
Report 

Recommendation 
list 

Presentation Sum 

Rail 12 1 1  1  15 

Utilities 6  1 1*   8 

Aviation 3 1     4 

Marine  1  1*   2 

Road      1^ 1 

Cycleway 1      1 

Totals  22 3 2 2 1 1 31 

Table 5 - Type of artefact by domain 
*includes a safety risk register; ^ incudes a list of risks and treatments 

The majority of provided artefacts are safety risk registers.  There are also three memorandums, 

two workshop records, two reports, a recommendation list, and a presentation.  The two 

reports included safety risk registers as part of their content, and the presentation included a 

list of risks and controls.  Fifteen of the artefacts are from rail projects, and eight are from utility 

projects.   

Safety risk registers make up 70% of the artefacts, which raises to 79% when the safety risk 

resisters within the reports are included.  While there is insufficient information to conclude 

that different infrastructure projects produce different artefacts, there is a prevalence of safety 

risk registers as the main artefact provided.   

There is a total absence of expected artefacts such as bow-tie, FMEA, root cause analysis, and 

others (Peace, 2015, 2017).  This suggests that safety risk registers are well recognised as an 

artefact created during Safety in Design by those within the transport industry who were able 

to provide artefacts, which indicates it is a common artefact created as a result of Safety in 

Design.  The paragraphs below outline the lifecycle phases evident in the artefact and then each 

type of artefact is explored in more detail. 

4.1.1  Artefacts and project lifecycle phase 

The majority of the artefacts supplied were produced in the design phase of the lifecycle, with 

two artefacts produced outside of the design phase.  Twelve artefacts did not include any 

statement or description that described which point in the lifecycle they were created, though 

they generally resemble the other artefacts created in the design phase.  The lifecycle where 

the artefact was created is evident in 19 artefacts.  Table 6 provides a summary of the phases 

and headings of design stage within the artefacts provided. 
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Project / Design phase Count 

Investigation and Reporting Phase 1 

Concept Design 2 

Preliminary Design 3 

Definition Design 1 

Reference Design 1 

Detailed Design 8 

Completion of Design 1 

Tender Phase 1 

Construction Phase 0 

Operational phase 1 

Disposal phase 0 

Unknown 12 

Table 6 - Artefact by project/design phase 

There were no artefacts provided from the construction phase of the lifecycle.  Construction 

phase Safety in Design artefacts might have included Safety in Design assessments of temporary 

works, or Job Hazard Analysis/JHA (Lingard et al., 2012).  The absence of Safety in Design 

artefacts from temporary works could be explained by actual or potential respondents 

considering that those artefacts, such as JHA, work method statements or temporary work risk 

assessments, are not relevant to Safety in Design (WorkSafe, 2019b).  Alternatively, the request 

for information may not have reached a suitable number of motivated construction contractors, 

or there could be an absence of Safety in Design outputs in the construction phase.  The types 

of Safety in Design artefacts created during the construction phase could be an area of future 

research.   

The one artefact provided from the operational phase describes the in-service hazards and 

safety risks faced by an operator and the engineering and administrative controls that are in 

place to manage the risks, and who is responsible for monitoring them.  There is no mention of 

future potential controls or future actions required.  No Safety in Design artefacts were 

provided from the disposal phases of projects such as risk assessment of disassembly. However, 

eight of the artefacts within the design phase recognise that some type of demolition activity is 

required to deliver their project.   

One safety risk register was provided from early in the design and another from the same 

project later in the design phase.  While this does not provide sufficient evidence to conclude 

that Safety in Design is carried out as ongoing process (Cooper et al., 2004; WorkSafe, 2018a; 

Zou & Sunindijo, 2015), this does suggest that Safety in Design artefacts are created at various 

stages of design, and sometimes updated at later stages of design.  The majority of Safety in 

Design artefacts were created in the final stages of design being detailed design, design 

completion, and tender prior to construction.  
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4.1.2  Safety risk registers 

The majority of provided artefacts were safety risk registers.  Safety risk registers are 

characterised by a table with rows of hazards or risks, and other parameters such as causes, 

outcomes, likelihood and consequences of unwanted events, controls or mitigations to prevent 

or mitigate those events, and actions required (CENELEC, 2017; Dhillon, 2018; NZTA, 2011).   

The naming of the safety risk registers varied significantly.  Three are titled ‘Safety in Design risk 

assessment register’, and three are titled ‘hazard logs’.  Documents provided by the same 

organisation and author are also named differently.  Table 7 lists the names within the provided 

safety risk registers.   

Name / heading within safety risk registers Count 

Safety in Design risk assessment register 3 

Hazard Log  3 

Safety in Design H&S Risk Assessment  2 

Safety in Design Risk Register  2 

Safety in Design Register 2 

Design Risk Assessment Register 1 

Safe Design Register 1 

Safety in Design Review 1 

Safety in Design, Risks Register 1 

Health and Safety by Design Register 1 

Project Safety in Design Risk Register 1 

Calculation sheet - Seismic Strengthening 1 

Safety risk design assessment 1 

Qualitative risk analysis 1 

Risk Register - Safety and Security  1 

Table 7 - Variation in the naming of safety risk registers 

While there are some common terms within the names, there is no common naming 

convention.   Of the 27 safety risk registers, including the safety risk registers within the reports 

and the tables in the memorandum, there are various headings and fields used to describe 

safety risk management.  Table 8 shows a summary of the fields within the safety risk registers.  
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 Headings/fields within artefacts Count Percentage 

Unique Identifier 24 89% 

Drawing Reference  1 4% 

System / Category 10 37% 

Safety Function / Guideword 7 26% 

Hazard / Risk / Issue / Event 25 93% 

Lifecycle phases relevant to the risk 13 48% 

Causes / Source of risk 14 52% 

Outcomes / Consequence  12 44% 

Who is affected by the hazard or risk  4 15% 

Existing controls  13 48% 

Risk score (without additional controls) 22 81% 

Proposed / potential new controls  22 81% 

Hierarchy of controls 1 4% 

Descriptive comment about the controls  3 11% 

Control owner 9 33% 

Controlled Risk Score  11 41% 

Actions (to be carried out) 9 33% 

Risk Owner 14 52% 

Residual risk Statement 2 7% 

Timing when actions are required by 7 26% 

Threat rank 1 4% 

How the risk is addressed in the design  1 4% 

Table 8 - Fields and headings within Safety in Design artefacts 

The most common words used in the headings within these artefacts are ‘safety’, ‘design’, ‘risk’ 

and ‘register’.  The majority of Safety in Design artefacts include a field that has a unique 

identifier, the hazard or risk, a risk score against a risk matrix, and proposed controls to manage 

the risk and related statements that the Safety in Design practitioner believes provide 

confidence of safety.  Approximately half of the Safety in Design artefacts describe the sources 

of the risk, the lifecycle phase at which the risk manifests, the existing controls, and the risk 

owner (e.g.  Contractor or end-user).   

One of the registers does not state the hazard or risk, and only lists a guideword such as 

‘ergonomics’ and the causes such as ‘heavy utility covers’.  Other artefacts include similar 

causes under the heading hazard or risk.  This suggests there is inconsistency in definitions and 

understanding of the terms hazard, cause, and risk.  This could be due to differences in 

definitions applied within different standards and guidelines (CENELEC, 2017; WorkSafe, 

2018a), or due to different understanding and interpretation of risk (Althaus, 2005). 

None of the artefacts included a field for controls that were considered but were not 

implemented, and none of the artefacts included any costs of identified potential controls.   



53 
 

Some guidance suggests costs should be assessed to support an assessment of ‘gross 

disproportionality’ to determine whether risks are reduced ‘so far as is reasonably practicable’ 

(Peace, 2017; WorkSafe, 2018a).  That said, three of the artefacts provide a field for ‘comment’ 

and in one case there are statements that some controls ‘would not be implemented because 

the cost to do so is grossly disproportionate to the risk reduction’, though there is an absence 

of assessment of cost and the statement appears to be based on judgement alone.   

The number of risks within each of the safety risk registers varies from 15 to 419, with an 

average of 71.  There is a total of 2230 rows, 1325 unique hazards and nearly 4000 unique 

controls, mitigations, and actions.   

4.1.3  Reports 

Artefacts received include two reports that both contained safety risk registers as well as other 

content.  One report includes a table of risks with the actions and changes carried out by the 

designer, and an associated list of risks and controls for the contractor to manage these further.   

The other report includes 2-dimensional drawings that show the physical layout of the design, 

and electrical schematics on others, with highlighted areas which denote design features that 

appear to offer some unnamed safety function. 

Both reports followed a general report format including introduction, participants, the scope of 

the project, methodology, risk evaluation and outcome and actions, and include a safety risk 

register.  One of the reports is for a large utility project is 242 pages long, and includes:  

• An executive summary, introduction, project description, table of project 

requirements, table of Safety in Design aims, methodology section,  

• A table of risks with the actions and changes carried out by the designer, and an 

associated list of risks and controls for the contractor to manage these further, 

• A safety risk register, and 

• 12 sets of meeting minutes from Safety in Design workshops, including PowerPoint 

slides from the workshops, marked-up drawings, and meeting attendee lists.   

The marked-up 2-dimensional drawings validate the notion that updated drawings are an 

output of Safety in Design in practice (Coble & Blatter, 1999).  However, there is no evidence 

within the annotations that supports the notion the changes are to align to pre-defined design 

standards (Hale et al., 2007), but rather to improve general safety and ease operations and 

maintenance while balancing costs. 
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4.1.4  Memorandums, meeting records, presentation, and recommendation list. 

Other artefacts included 1 recommendation list, 1 presentation, 2 meeting/workshop records, 

and 3 memorandums.  Each of these is discussed below.   

4.1.4.1  Memorandum 

The first memorandum is an internal file note documenting a conversation with a client about 

managing a specific risk identified during a Safety in Design workshop. The memorandum 

includes a follow-up note that the hazardous situation did appear during works, and describes 

how that was managed.  The second memorandum states that the contractor will need to 

establish and maintain a ‘safe site’ in accordance with listed legislation, and that the Safety in 

Design practitioner has identified 12 ‘major risks’ that the contractor may face including such 

things as ‘open excavations’, ‘existing live services’, and ‘risk of electric shock’, though does not 

suggest any risk controls or provide any specific details of the hazards or provide any 

computation of risk through assessments of likelihood or consequence.  This memorandum 

notes that the contractor will be ‘instructed to employ a specialist’ to manage the ‘hazardous 

material risks’.    

The third memorandum is from a consultant to a client and states that Safety in Design was 

carried out on two projects.  The memorandum notes that the Safety in Design ‘was carried out 

in accordance with various codes, regulations, and laws, and used a risk-based approach’.  The 

memorandum discusses that hazards were identified using workshops, research, and ‘ad-hoc’, 

and closes by reminding the client of their responsibilities to acknowledge and communicate 

the hazards and risks to those that need to know them.  The mention of workshops, research 

and ad-hoc hazard identification implies that more formal risk assessment techniques were not 

used (Dhillon, 2018; Peace, 2015).   

4.1.4.2  Meeting records 

The meeting/workshop records are similar in that they list attendees to specific workshops that 

explore hazards or risks and their required mitigations.  One workshop had six attendees, and 

the other had 27 in total, including 11 who attended remotely via video telecommunication.  

The minutes follow a general meeting record format.  There is no scoring of risk, rather a general 

discussion of scope, risks, and ‘hazard mitigation’. 
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4.1.4.3  Presentation 

The presentation includes five PowerPoint slides that provide ‘lessons learned’ regarding Safety 

in Design from a completed project that appears to be aimed at persuading a new client to 

employ Safety in Design.  The presentation includes concept drawings and photos from the 

completed project, and one slide shows an image of a safety risk register.  One slide describes 

the ‘Safety in Design process’ used on the project, including 1) Establish a project plan, key 

stakeholders, and risk management process; 2)create a safety risk register separate to the 

project risk register; 3) conduct an initial risk assessment; 4) update the register progressively 

during the project; 5) meet with the client and review the risks; 6) define any additional scope 

to explore risks further; 7) include the safety risk register in regular reporting; 8) review top 

risks at governance meetings; 9) finalise the safety risk register with tender documents for 

construction to communicate ‘residual risks’; 10) successful project delivery!’   

The presentation includes a slide listing five risks and how those risks were addressed in the 

design, and one ‘lesson’ in the lesson learned slide that states ‘if [the client] wishes to avoid 

undertaking any Safety in Design workshops, then the Safety in Design objectives can still be 

achieved through stakeholder engagement’, with a note that there was no budget within the 

example project for Safety in Design yet it was still carried out.   

This suggests that design consultant perceived some reluctance from a potential client due to 

the cost and budget concerns.  It also suggests that there was sufficient motivation on a project 

where Safety in Design was not included in the budget, yet was still carried out, but the reasons 

behind this motivation are not stated.   

4.1.4.4  Recommendation list 

The recommendation list is a table of  26 recommendations that include actions related to 

safety risks management activities.  This includes statements such as ‘review the safety risk 

register’, ‘conduct a failure mode effects analysis’, and ‘confirm the need for a human factors 

assessment’.  Other columns are included that note ‘in progress’ or ‘completed’.  The 

recommendation list contains a matrix and identifies who needs to undertake the action or 

address the recommendation, with a statement such as ‘in progress’ or ‘yes’, and ‘done’.   
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4.1.5  Summary of artefacts created during Safety in Design 

The artefacts received from the industry suggest that safety risk registers are well recognised 

as a Safety in Design artefact.  While there is insufficient information to conclude that different 

infrastructure projects produce different artefacts, there is a prevalence of safety risk registers 

across infrastructure projects.  There is an absence of artefacts such as bow-tie, failure mode 

effects analysis, root cause analysis, and other risk assessment methods (Peace, 2015, 2017).  

These methods of analysis may not be recognised as Safety in Design outputs, may not be 

undertaken, are not documented, or those with access to them are not willing or able to share 

them.   

Almost all of the Safety in Design artefacts included some form of safety risk register or list of 

hazards or risks.  However, there is no common format for such lists, and the context of a risk, 

a hazard, and a cause vary within artefacts.  There were few artefacts that included marked up 

drawings where the mark-ups show safety features rather than design changes or alignment to 

standards.  Many of the artefacts included statements that require others in the future to do 

something to manage the risk, and this gives some insight into how practitioners aim to 

influence safety.   

4.2  SO2: Identify how practitioners influence safety in later project 

lifecycle phases. 

Thematic analysis was used to explore how Safety in Design practitioners influence safety in 

later project lifecycle phases.  Initial coding was carried out on all of the received artefacts using 

‘open coding’ that aligned to the general areas of interest (Maguire & Delahunt, 2017).  Initial 

areas of interest included statements about altered design features in an attempt to improve 

safety and the application of the hierarchy of controls.  The codes were grouped into concepts 

until patterns emerged, and were then integrated between themes and sub-themes.  Further 

open coding of the artefacts was used to generate more codes, themes, and sub-themes until 

theoretical saturation was achieved (Bhattacherjee, 2012).  Appendix 3 provides a summary of 

the codes and generated themes from within the artefacts that form the overall thematic 

analysis. 

The sub-themes are marked as ‘weak’ or ‘strong’ to indicate their relative presence within the 

artefacts.  Themes marked as ‘weak’ only appeared through exploring the sub-theme as an area 

of interest or through the re-categorisation of codes into themes.  Themes marked as strong 

were evident from the initial coding and remained evident during the initial categorisation and 

re-categorisation of themes. 
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The themes fall into the following categories:  

• Theme 1: Safety in Design influences safety in later lifecycle phases by declaring 

features of the design that the practitioner believes will improve safety; 

• Theme 2: Safety in Design influences safety in later lifecycle phases by sending 

messages to the future;  

• Theme 3: Safety in Design influences safety in later lifecycle phases by using controls 

that are outside of the hierarchy of controls. 

Each of these is explored in more detail in the paragraphs below.   

4.2.1  Theme 1: Declaring features of the design  

The first emergent theme suggests that Safety in Design practitioners influence safety in later 

lifecycle phases using features of the design.  This theme has three sub-themes, including the 

recording of design alterations, specific design features, and general design features. Each of 

these is discussed in turn, below.   

4.2.1.1  Sub-theme 1A: Record of an altered design 

This is a very weak sub-theme where the artefacts include design features that were altered 

from an earlier version of the design.  Examples include ‘Skylights removed from platform 

canopy to reduce maintenance required’, and ‘reduced design from two shafts to one shaft’.   

This provides a record of decision-making and provides insight into the rationale of the Safety 

in Design practitioner in reducing risks when viewed in the context within the original artefact.  

For instance, the removal of the skylight is claimed to reduce the risks associated with working 

near railway traction power, and the elimination of a shaft aims to improve safety for the 

construction of deep excavations.  Statements of altered design provide a record of decision-

making to support assurance activities when viewed in the context within the Safety in Design 

artefact.   

This sub-theme is very weak because there are very few statements within the artefacts that 

describe what changes were made to make the design safer for later lifecycle phases.  In all 

cases, the rationale for the change could only be understood when looking at the context within 

the document related to the risk that it claimed to mitigate.   
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4.2.1.2  Sub-theme 1B: Specific design features 

The weak sub-theme of ‘specific design features’ is also evident. This sub-theme is where the 

artefact lists specific design features that are included in the design that the practitioner 

believes will offer a safety benefit.  Example include statements such as ‘the design provides 

sufficient space for working on both sides of walls of tunnel during construction’, ‘the design 

includes a handrail alongside the emergency egress walkway’, ‘the chamber has been designed 

as small as possible to mitigate this risk’, and ‘the frames are designed as a series of small bolted 

components’.  Statements of specific design features provide a record of earlier decision-

making by the practitioner and support assurance activities when viewed its original context 

within the artefact.   

This sub-theme is also weak because there are not many statements within the artefacts that 

describe the features in the design, that the practitioner believes will make it safer for later 

lifecycle phases.     

4.2.2.3  Sub-theme 1C: General design features 

The listing of general design features is a strong sub-theme where broad and generalised 

statements about the design are made in the artefact, that the practitioner believes will provide 

some safety benefit in the future.  Examples include ‘precasting has been included in design 

where practicable’ and ‘the design is hydraulically & structurally optimised’.  These statements 

are not specific and provide minimal insight into decision-making, and raise questions such as 

‘what does the Safety in Design practitioner consider practicable?’ and ‘what were the decisions 

made during optimisation’?  There are multiple possible explanations for generalised 

statements, including that the risk control is not applied in all cases within the design, or that it 

would be inefficient and onerous to record every single decision.  These statements support 

assurance, although to a lesser degree than specific records of decision-making. 

4.2.2.4  Summary of declaring features theme 

The sub-themes that make up the theme of ‘declaring features of the design’ are relatively 

weak, and the elements for sub-themes 1A and 1B only emerged when exploring areas of 

interest.   

Whether they are specific changes made, specific design features, or general design features, 

their presence within the artefacts is generally sparse.  It was difficult to find examples of 

changes that have occurred to the design and features in the design that is aimed at improving 

the safety of the construction phase and operations phase.  There is no mention of design 

changes or features related to the disposal phase.   
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There are multiple possible explanations for why practitioners do not record design features.  

Safety in Design practitioners may not feel the need to document every design feature or 

decision related to controlling risks, as this could be time-consuming and onerous.  Also, 

practitioners might only record those things that contribute the most to greatest risk reduction.   

In the walkway handrail example above, the practitioner may also have minimised the risks of 

slips trips and falls by ensuring the walking surface is flat and non-slip, and nearby ancillary 

equipment is recessed to avoid contact with a passer-by.  Perhaps practitioners only document 

those things they feel they should tell others, or perhaps they are unwilling to change their 

design given they have already attempted to optimise costs, form, function, and safety or their 

focus is on the future, and documenting what has already been decided seems like wasted 

effort or provides an opening for legal repercussions (Coble & Blatter, 1999). 

4.2.2  Theme 2: Messages to the future 

The second major theme suggests that Safety in Design practitioners influence safety in later 

lifecycle phases by sending ‘messages’ to the future.  Messages to the future are statements 

made within the artefact written by the practitioner to someone in the future. These messages 

contain actions that the practitioner believes are needed for the risk to be suitably managed.  

 Sometimes the messages are concise such as ‘designer to develop signage in the next design 

stage’, and sometimes the messages are vague and the meaning is not immediately evident 

such as ‘strong communication from the outset is required’, and it is not evident who is to 

communicate with whom within the artefact.  The ‘messages to the future’ theme very strong 

and evident throughout all artefacts.   

The theme has ten sub-themes that include a combination of specific, vague, and general 

statements to future designers, contractors, end-users, and others.  The themes are strongest 

in relation to instructions for contractors, and each of the ten sub-themes is explored in the 

following seven paragraphs, where similar sub-themes are grouped.   



60 
 

4.2.2.1  Sub-theme 2A: messages to future designers – design changes 

The artefacts contain a weak sub-theme about required design changes in future design stages.  

Example messages include ‘the next stage of design to develop gate-line fail-safe requirements’ 

and ‘signage to be developed by the designer’.  This sub-theme suggests Safety in Design 

artefacts are used by the practitioner to send messages to future designers about design 

changes that need to occur to improve safety in later lifecycle stages.  Safety in Design literature 

would suggest this theme should be relatively strong within artefacts, though actions for 

changes might occur outside of the artefacts provide, such as in a workshop as an action item, 

in a design report, or some other artefact.  This sub-theme suggests the practitioner has 

identified a risk and the future designer needs to carry out the instruction to further minimise 

that risk, which does support the notion of using Safety in Design for safety risk management. 

4.2.2.2  Sub-themes 2B & 2C: messages to future designers – follow a process or make a decision 

Other ‘message’ sub-themes include messages to the designer to undertake a process or make 

a decision.  The ‘process’ sub-theme is relatively weak and relates to the Safety in Design 

practitioner requiring a future designer to follow a process to manage the identified risks.   

Examples include a requirement for a designer to ‘ensure compliance with performance 

requirements and standards’, ‘ensure calculations are correct’, and ‘identify remaining 

hazards’.   

The ‘decision required’ sub-theme is relatively strong in the artefacts.  This sub-theme requires 

the designer in a future design stage to undertake a decision-making activity.  Sometimes these 

decisions are fundamental to the project such as ‘consider alignment change’, or ‘consider 

whether a diesel generator is needed to support the operation of lifts in a power outage’.   

These messages to future designers suggest the Safety in Design practitioner was unable to 

make a satisfactory decision, perhaps because there was insufficient information to make a 

good choice, or perhaps there was insufficient time, or for other reasons such as that 

practitioner not wanting to make the decision (Coble & Blatter, 1999).   

Sometimes these messages are written as clear ‘actions’ and sometimes they are written within 

other text, under the heading of ‘existing controls’.  Such messages also fall outside of the 

hierarchy of controls, although it is likely that following the suggested process, or making the 

decision will result in the identification of controls that do fall within the hierarchy of controls.   

These ‘messages to future designers’ support the notion that practitioners are attempting to 

alter downstream safety risks and use the messages to minimise those risks.   
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4.2.2.3  Sub-theme 2D, 2E, 2F: messages to contractors – physical action, follow a process, do 

something else. 

There are strong sub-themes of messages to the contractor.  Messages include a sub-theme for 

the contractor to undertake some physical activity, to follow a process, and to carry out some 

activity which is not well defined.  Messages of physical activities include ‘ensure the site is 

properly gated from public’, ‘divert and protect existing utility services located on the worksite’, 

and ‘provide fencing/barriers to securely prevent access to top of excavated slopes’. 

These statements suggest the Safety in Design practitioner has identified risks in the 

construction phase and is informing the contractor how those risks should be minimised.  

Sometimes these statements are categorised within the artefact as ‘engineering controls’, 

although they are not the same as a change to the design to ‘engineer out the risk’.  

Similar to the messages for following a process for the designer, the messages to the contractor 

sub-theme includes statements to follow a process such as ‘contractor to submit construction 

methodology for approval prior to commencing work’ and ‘contractor to develop and 

implement excavation and disposal procedures’.  Following a process is not generally 

considered to be part of the hierarchy of controls.  

The sub-theme of ‘vague messages to the contractor’ is strongly evident within the artefacts.  

This includes statements such as ‘contractor to undertake temporary works design where 

required’, ‘contractor to account for the weather’, and ‘health and safety toolbox talk to 

highlight issues’.  In many cases, these messages are listed as ‘current controls’ used to 

demonstrate that risks are reduced to an acceptable level, and in only a few cases these 

activities are listed as actions that are immediately apparent as needing communication to 

others.   

This suggests that the Safety in Design practitioner has some idea of a future hazard or risk 

faced by the contractor, or some notion of how the contractor undertakes their work, and 

expresses their knowledge within the Safety in Design artefact as a broad and vague statement 

alongside other specific risk controls where the practitioner does have good knowledge of how 

the risks can be minimised. 
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4.2.2.4  Sub-theme 2G: messages to future contractors – follow the law & rules  

There is a strong sub-theme of ‘messages to contractors to follow the law’.  This sub-theme is 

where the Safety in Design practitioner makes statements that require a contractor to follow 

the law or code in order for the risk to be managed.  Statements include ‘contractor to adhere 

to appropriate regulations regarding hazardous materials such as asbestos’, ‘contractor to 

verify the construction complies with the building code’, and ‘contractor methodology to 

include safe work practices’.  As with the other messages to the contractor, this sub-theme is 

regularly evident within ‘existing controls’ fields and not always evident as a clear action.  In 

other words, the Safety in Design practitioner is claiming ‘the risk will be controlled to 

manageable levels because the contractor will follow the law’.  In many of the artefacts, there 

is also a repeating requirement for the contractor to ‘develop a methodology’, ‘develop a 

construction management plan’, or similar activity as the primary risk-mitigating action for the 

risks identified.   

Requiring the contractor to ‘develop a safe work plan’ is possibly meaningless from a Safety in 

Design standpoint because any plan produced by the contractor is unlikely to be used to modify 

the design.  It is possible that practitioners include requests for plans to support the project 

owners due diligence (Health and Safety at Work Act, 2015), although there are other aspects 

of due diligence not evident in the artefacts.   

Such statements are essentially the practitioner saying ‘I have identified this risk and I am not 

sure I have controlled it, however, if I tell you to follow the law or develop your own plan then 

when something goes wrong it is not my problem, because I told you to do something and you 

clearly did not do it well enough’.   

The ‘message to follow the law’ or ‘develop a plan’ also falls outside of the hierarchy of controls, 

and while the contractor’s risk assessment may develop safety controls that fall within the 

notion of the hierarchy of controls, the ability to manage the risks at the earliest possible stage 

to avoid increased cost is lost.   

Sometimes the specific messages to contractors are claimed as ‘engineering controls’ within 

the artefact.  For example, ‘provide fencing/barriers to securely prevent access to top of 

excavated slopes’, and ‘install shoring when required’ are both categorised as engineering 

controls.  It is important to note that these statements are not related to the design, or changes 

to be made to the design to make it safer for the construction contractor. These are actions 

that the practitioner is telling the construction contractor to take in order to manage the 

identified risks. 
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The use of ‘message to follow the law’ or ‘develop a plan’ suggests that Safety in Design 

practitioners identify hazards that the contractor might face and then believe that the 

contractor’s adherence to rules and codes or the development of plans will provide suitable 

control of the safety risks.  These messages do not fit neatly within the purposes of Safety in 

Design to manage risks in the design, communicate remaining risk, or provide assurance.  

These messages possibly fall into some fourth category of ‘remaining uncertainty’ where some 

notion of a risk that is believed to exist but there is insufficient information to fully understand 

it during the Safety in Design activity.  This supports the idea that more information within the 

early phases through the inclusion of operations and maintenance personnel supports better 

decision-making (Hecker et al., 2005; WorkSafe, 2018a).  

4.2.2.5  Sub-theme 2H: messages to someone else in the future 

There is a strong sub-theme of messages to ‘someone unknown’.  This includes statements like 

‘consider the size and weight of the hatch’, which in this case could be a message to a designer 

to revise the hatch design as the listed ‘control owner’ or to maintenance crew as the ‘risk 

owner’ to provide controls for lifting heaving items.  Another example is ‘add conditions to the 

contract’, which could be a message to the designer, project manager, or contract manager.  In 

some cases, there are clues within the artefacts that hint at the possible recipient of these 

messages though in many cases there is significant ambiguity.  Like those messages to the future 

discussed above, the messages do not fit neatly within the hierarchy of controls and also do not 

support the management of risks, show evidence of risk management, or communicate residual 

risks.  

4.2.2.6  Sub-theme 2I: messages to end-users 

There is a strong sub-theme of messages to users and maintainers in the operations phase.  For 

example, the statement ‘end-user to manage litter collection within station’ is intended to 

manage the risks associated with vermin and fire.  Another example is the ‘end-user to 

implement cleaning and maintenance as part of adequately funded asset management plan’ to 

control a range of risks from ongoing equipment integrity to pest control.  The messages to end 

users generally serve as reminders to look after the infrastructure in order for the identified risk 

to be continually managed, and somewhat supports the purposes of risk management and 

communication of residual risks.   
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4.2.2.7  Sub-theme 2J: Hidden messages   

Messages to the future are sometimes intertwined within other statements of design within a 

cell or register where the register has many lines of text, sometimes hundreds.  These messages 

become akin to a ‘message in a bottle’ where a note is written on a small piece and placed in a 

bottle and thrown into the ocean in the hope that someone might find it.  Like a message in a 

bottle, it is unclear how the message will be delivered to a future recipient other than hope that 

the currents will take it to someone who might read it, and it may never be read by anyone.  It 

is reasonable that the list of actions would be provided to someone to carry out, or that the 

entire Safety in Design artefact is provided along with other project documentation, though this 

leaves the recipient with a challenge of finding the messages relevant to them from within the 

many lines of text.   

Examples of messages claimed as existing controls include “Contractor to be provided 

appropriate asset owner contact details to liaise re obligations and best practice”, “Provide 

adequate signage”, and “Contractor or Designer to review and confirm the utility service 

conditions and develop the design to suit the services”.  In two of these examples, there is some 

ambiguity for the responsibility of the action to be carried out.  In all three cases, the message 

may not reach the recipient due to its location within the ‘current controls’ field of a safety risk 

register.   

Some of these messages might be intended as assumptions; for example, ‘the end-user to 

implement cleaning’ might be an assumption that practitioner is making in order to support 

their decision-making for risk reduction.  However, assumptions were explored as an area of 

interest and did not emerge within the thematic analysis due to only one single declared 

assumption found within the artefacts.  This suggests these hidden messages are claimed as a 

safety control. 

4.2.3  Theme 3: Hierarchy of controls application 

The third major theme that is evident in the artefacts is related to the application of the 

hierarchy of controls.  The literature suggests that the hierarchy of controls provides 

precedence of mitigation and that elimination controls, then engineering controls should be 

applied before administrative controls (Australia & Safety and Compensation Council, 2006; 

Health and Safety at Work Act, 2015; Nejad, 2014; WorkSafe, 2018a).  The hierarchy of controls 

is also focused on changes to the design itself, with a general notion that higher-order controls 

become unavailable or more costly as the project progresses (Behm et al., 2014; Floyd, 2015; 

Gambatese et al., 2008).  Two sub-themes emerged: Administrative controls that are applied 

before any other controls, and controls outside of the hierarchy.   
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4.2.3.1  Sub-theme 3A: Administrative controls first 

Initial coding exploring the hierarchy of controls found a strong theme of administrative 

controls applied where there are no stated engineering or elimination controls applied 

beforehand.  Examples include ‘Keep gate closed sign on the gate and educate operational staff 

on the requirement’, ‘provide adequate signage’, and ‘ban the carriage of bicycles on trains 

during peak periods’.  There are no immediate clues within the artefacts as to why 

administrative controls are applied first, or why there are no engineering controls.  The 

requirement for a sign and training to keep the gate closed could possibly be ‘engineered out’ 

through an automatic gate-closing spring and would avoid the effort required to remind staff 

to close the gate.  Potentially, these engineering controls are already present in the design 

though there is no statement supporting this within the artefact.   

4.2.3.2  Subtheme 3B: Outside of the Hierarchy of Controls 

As discussed in the ‘messages to the future’ theme, there is a strong theme of statements, 

actions, and messages outside of the hierarchy of controls.  Statements include ‘the risk has 

been controlled by designing to national and international standards’, ‘job awarded to Tier 1 

competent contractor’, and ‘the design is subject to peer review’ listed as controls for safety 

risks.  These statements might provide some degree of confidence or assurance to a reader or 

recipient of the artefact, though they do not control the risks directly.  These statements might 

result in the future identification of new controls that do fall within the hierarchy of controls.  

With statements such as ‘risk controlled by designing to standards’ the practitioner could 

document the controls included in the design as a result of the application of those standards.  

 The use of forward-looking statements such as ‘Tier 1 contractor’, suggests the Safety in Design 

practitioner has insufficient information to articulate the risk or make good decisions of safety 

controls that fall within the hierarchy, and like the sub-theme of ‘follow the law & rules’, fall 

into a new category of communicating uncertainty.   

4.2.4  Summary of how practitioners influence safety in later project lifecycle phases 

The major theme of ‘messages to the future’ is that Safety in Design practitioners attempt to 

influence safety in later lifecycle phases by sending messages to those involved later in the 

project lifecycle.  These messages are sometimes concise where the statement and intended 

recipient are clear, and sometimes the message or the recipient are not obvious.  Sometimes 

the messages are clearly within sections of the artefact intended for communication to others, 

and sometimes the messages are buried within other content.   

Initial areas of interest during coding also included listed assumptions, assessment of health 

and hazards that cause chronic illness, and the disposal phase of the lifecycle.   
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There is an overall absence of listed assumptions.  Only one declared assumption was evident, 

which required the contract to assume that ‘all soils at the site should be assumed to contain 

asbestos’. There are some statements that might be assumptions, for example ‘existing 

management procedures’.  Many of the messages to the future could be considered 

assumptions. However, their syntax lends itself toward positive actions that need to be carried 

out in order to manage the risks.  For example, ‘end-user to provide training’ re-worded as ‘the 

end-user already provides training to all staff for the management of this hazard’ would better 

acknowledge the statement as an assumption.  This suggests that action statements are 

intended for someone to carry them out in order to manage the identified safety risk. 

There are very few statements related to the assessment of health or hazards related to chronic 

illness, and this did not emerge as a theme or sub-theme. As noted above there was a statement 

of ‘all soils at the site should be assumed to contain asbestos’, and there were related 

statements such as ‘follow recommended safety practices and use appropriate PPE’, and 

‘contractor to confirm and implement Hazardous Substances requirements for handling, 

storage and containment of fuels’.   

There is very little recognition of hazardous materials or substances used in the construction or 

maintenance that might cause chronic illness (WorkSafe, 2017). Perhaps the designer is not 

specifying materials or products to be used, or perhaps the designer considers the products 

relatively safe, or their safety well understood by constructors and maintainers, or the designer 

is not aware of the risks.  

While there is a brief mention of demolition to support enabling works, there are no messages 

to the disposal phase of the lifecycle.  Considerations for demolition could be occurring through 

the designers choice of materials (Lauritzen, 2018), though the absence of any related 

statement or risk assessment goes against the purposes of Safety in Design to manage risk, 

communicate risks, or provide assurance.   



67 
 

Ultimately, there are potential problems that arise from ‘messages to the future’ in Safety in 

Design.  Firstly, the notion of messages to someone later in the project lifecycle falls outside of 

the hierarchy of controls. Creating a message for someone to address a risk later in the future 

could be interpreted as an administrative control, as it is a form of instruction or warning. 

However, unlike a placard on a piece of equipment or a slide in a training presentation, the 

messages may not be received by the intended recipient or any recipient.  This is problematic 

when the message, and its completion, is claimed as a control for the management of safety 

risks.  Additionally, deferring risk management to outside the design phase erodes the claimed 

benefit of Safety in Design where it is considered easier and more cost-effective to address 

safety issues early in the project lifecycle. Opportunities to improve safety and save costs are 

missed.  

‘Messages to the future’ also fall outside of the functions of Safety in Design artefacts to manage 

risks in the design, communicate risks, and provide assurance.  Messages to ‘follow the law’, or 

claims that a ‘Tier 1 contractor’ reduces the risk, suggest that practitioners have identified risks 

and are either unable or unwilling to identify suitable controls through existing features or 

modifications to the design, and possibly use these as ‘catch-all’ statements instead of saying 

nothing.  These statements suggest that Safety in Design artefacts are being used to 

‘communicate risk uncertainty’, though the message that the practitioner is uncertain about 

the risk is not openly stated.  

4.3  SO3: Identify how practitioners express safety decisions 

Thematic analysis was used to explore how Safety in Design practitioners express safety 

decisions.  Initial areas of interest that were coded included areas of risk computation, mentions 

of ‘reducing risk so far as is reasonably practicable’, mentions of codes and standards, and 

statements of accepting risks.   

Emergent themes included use of a second risk computation, a risk transfer theme, and a 

‘confidence in others’ theme.  The emergent themes from the content analysis include:  

• Theme 4: Safety decisions are justified using risk computation.  

• Theme 5: Safety decisions are justified by transferring risks to future lifecycle phases. 

• Theme 6: Safety decisions are justified by having confidence in others. 

• Theme 7: Safety decisions are justified by adherence to a code, rule, or standard, and 

• Theme 8: Safety decisions are justified by the designer’s judgement.   

Each theme is discussed further below. 
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4.3.1  Theme 4: Safety decisions are justified using risk computation 

The use of risk scoring emerged as a strong theme.  Most of the artefacts included some form 

of risk matrix and supporting wording and scoring.  As noted in Table 8, 81% of the artefacts 

scored risks using computation, and 41% provided a second risk computation where risks were 

scored with the proposed controls applied.   

Example risk scoring includes ‘B Major x 3 Possible=B3 Intolerable’, and ‘Hospitalisation x 

Unlikely = High’.  Examples of residual risk computation include ‘Minor 10 x Unlikely 3 = Low 

30’, and ‘very likely x extensive injury = high’, and “very unlikely x death = low’. 

While risk scoring is a common technique in project risk management, it is generally used for 

the prioritisation of risks rather than justification of acceptable risk (Kendrick, 2015, pp. 174–

177).  There is a high prevalence within the artefacts where controls are absent when risks are 

score as ‘low’.  It may be common in project risk management to treat high-consequence-

improbable events equivalent to low-consequence events, though guidelines suggest they are 

not equivalent when undertaking safety risk assessments (Peace, 2017; WorkSafe, 2018a).   

Also, a standard five by five risk matrix generally fails to offer the level granularity to distinguish 

between low levels of likelihood such as between 10^-6 events per hour and 10^-9 events per 

hour which are important considerations in transport railway and aviation infrastructure 

(CENELEC, 2017, p. 94; Graham, 2007, p. 100).  

Assessing a high-consequence event as improbable, and then using that as the justification to 

not apply additional controls is a form of risk acceptance.  Notwithstanding that a designer’s 

perception of risk may differ from others, their perceptions and biases start to affect the 

real-world safety of workers and the travelling public (Althaus, 2005; Slovic, 2010).   The 

designer’s estimation of high-consequence events being ‘improbable’ might overlook the very 

reason those events are rare is that they have all the necessary controls in place.   

Practitioners providing equivalence to low-consequence probable events and high-

consequence improbable events might also align with project risk management practices, 

though industry suggests greater attention is placed on high-consequence events irrespective 

of the assessed likelihood (Procter & Henderson, 2016; WorkSafe, 2018a).  Additionally, while 

risk scoring does help practitioners understand the effectiveness of controls (Lyon & Popov, 

2017), it may be incompatible as a risk justification when there is a requirement to reduce risks 

SFAIRP (Peace, 2017; Procter & Henderson, 2016; Rae, 2007).   
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4.3.2  Theme 5: Safety decisions are justified by transferring risks to future lifecycle 

phases 

A weak theme of ‘transferring risks to others’ is also present in the artefacts.  This includes 

statements such as ‘Hazard transferred to contractor’ and ‘this risk will be managed by 

operations and is outside the scope of delivery for this project’, as well as straight-forward 

statements of ‘transfer to contractor’.   

The statements of risk transfer can be found within areas of the artefact dedicated to ‘actions’ 

as well as areas dedicated to listing safety controls.  While some ‘messages to the future’ inform 

contractors of a proposed action to control risks, the ‘transfer to contractor’ statement appears 

to be a message to someone else to have them inform the contractor of the risk, potentially 

leaving it to the contractor to manage the hazard or risk how they see fit.   

The literature on Safety in Design claims that it is more effective to control risks early in the 

project lifecycle, and while it may be acceptable to transfer risks after some mitigation is applied 

in the design, in some cases hazards and risk are ‘transferred to the contractor’ without 

statement or claim of any design assessment or change.  That is, it appears the risk or hazard is 

identified and then passed to a later lifecycle phase without treatment.  This is similar to the 

‘messages to the future’ theme where a risk is identified, and without treatment in the design, 

an instruction is documented as to how that risk should be managed. 

The literature is generally silent on what to do when risks cannot be treated by Safety in Design, 

however, in New Zealand there are legal requirements to consult, collaborate, and co-ordinate 

in the reduction of risks when shared between organisations (Health and Safety at Work Act, 

2015; WorkSafe, 2018a, p. 15).  This supports the notion of including operations and 

maintenance personnel in Safety in Design activities (Hecker et al., 2005; WorkSafe, 2018a).  

4.3.3  Theme 6: Safety decisions are justified by having confidence in others 

There is a strong theme in the artefacts that Safety in Design practitioners justify risk decisions 

through their confidence in others.  The ‘confidence in others’ theme also falls outside of the 

hierarchy of controls, yet practitioners rely on their confidence in others to justify a reduction 

in safety risk.  This includes statements for risk controls such as ‘designed by a competent 

person’, and ‘designed by CPEng’.  There are also statements relating to the confidence in 

contractors including ‘competent, skilled contractor staff’, ‘competent contractor would 

undertake an assessment of crane ground pressures’, and ‘job awarded to Tier 1 competent 

contractor’, stated as risk controls.  
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While the academic literature does discuss the notion of using competent organisations and 

individuals, there is no specific mention of using competency as a safety control but rather 

specified as a general requirement that a design should be reviewed and verified against 

engineering standards, codes, and rules by ‘competent people and organisations’ (Gambatese, 

2000; WorkSafe, 2018a). 

Also, competency means different things to different people, and there are multiple dimensions 

to assessing competency (Engineering New Zealand, 2019; Robinson, Sparrow, Clegg, & Birdi, 

2005; Sohn, Kim, & Jang, 2014).  For example, Engineers Australia requires engineers to 

demonstrate an ability to assess safety across the project lifecycle, where Engineering New 

Zealand does not (Engineering New Zealand, 2019; Engineers Australia, 2012).   

4.3.4  Theme 7: Safety decisions are justified by adherence to a code, rule, or standard 

There is a weak theme within the artefacts that safety decisions are justified based on 

adherence to codes and standards.  Examples include ‘the risk has been controlled to the 

current level by codes and standards’, ‘all structures to be designed to NZ seismic codes’, and 

‘fire detection system designed in accordance with requirements, NZ Building Code and Fire 

Engineering Report’.  It was also evident that all statements using codes and standards were 

within artefacts common to one organisation and not present in any other organisations 

artefacts, so this may not be a common theme across the transportation infrastructure industry.   

Problems arise when using compliance to codes and regulations because codes and standards 

may only consider a limited subset of risks.  For instance, the New Zealand building code 

addresses approximately 14 areas of risk and does not address operational hazards.  

Additionally, codes and standards are typically generic enough to cater for a wide range of 

applications, so edge cases may not be considered.  Codes and standards are not regularly 

updated and so may not include newer and recently affordable ways of controlling risks.  

Additionally, relying solely on codes and standards may not be sufficient in order to 

demonstrate that risk has been reduced ‘so far as is reasonably practicable’ (MBIE, 2014, p. 17; 

Peace, 2017; Procter & Henderson, 2016; WorkSafe, 2018a). 

4.3.5  Theme 8: Safety decisions are justified by judgement 

Peace notes that professional judgement is the most common form of risk assessment, although 

statements of judgement emerged as a relatively weak theme (2015, 2017).  Statements of 

judgement are where the practitioner makes a positive statement that the risks require no 

further treatment.  Examples include ‘air entrainment not considered a risk’, ‘cannot be 

reduced SFAIRP’, ‘current positioning of manhole lids deemed acceptable operationally’ and 

‘risk is already low so fully enclosed footbridge not required’.   
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While judgement is a common form of risk assessment, the relative weakness of this theme 

within the artefacts suggests that judgement decisions are not being recorded.  Problems also 

arise where the practitioner believes something to be ‘safe’ as this is based on their individual 

experiences, heuristics, biases, and may not reflect that of society (Althaus, 2005; Athearn, 

1971; Aven, 2010; Aven & Renn, 2009; Bell et al., 1988; Bjerga et al., 2016; Hansson, 2010; 

Kahan et al., 2006; Slovic, 2000; Slovic & Peters, 2006).   

Additionally, ceasing to reduce risks further because they are deemed acceptable in the eyes of 

the practitioner is generally incompatible with the requirement to reduce risks so far as is 

reasonably practicable (Peace, 2017; Procter & Henderson, 2016).   

4.3.6  Summary of how practitioners justify safety decisions 

Thematic analysis of the received artefacts suggests that practitioners of Safety in Design mainly 

express safety decisions using risk computation, and by articulating their confidence in 

designers and contractors.  There are also weaker themes that practitioners justify safety 

decisions by transferring identified risks to future lifecycle phases, by claiming confidence in a 

code, rule, or standard, and through the direct use of judgement and statements of risk 

acceptability.   

While risk scoring is a common technique in project risk management, there are compatibility 

issues with risk equivalence for different consequences, and the requirement to reduce risks 

SFAIRP (Aven, 2010; Peace, 2017; Procter & Henderson, 2016).  Many high-consequence risks 

that are scored ‘low’ had no further actions or treatments, which may be problematic.  

Problems also arise when design organisations or practitioners define their own risk scoring 

parameters because this can create a situation where the practitioner stops treating ‘low risks’ 

which might inadvertently accept risk on behalf of others.  In transportation infrastructure, this 

includes some acceptance of risk on behalf of workers and the travelling public, and 

notwithstanding requirements to reduce risk SFAIRP, the designer’s assessment of ‘low risk’ 

may differ from international norms. 

Practitioners also justify safety decisions because they consider the designer or contractor to 

be competent, though there are general problems with the assessment of competency as it is 

largely subjective.  Competency in one area does not automatically make someone competent 

in another, and different jurisdictions may assess different things, such as the practitioners' 

ability to demonstrate an understanding of safety risk management (Engineering New Zealand, 

2019; Engineers Australia, 2012). 
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A weak theme of safety justifications based on adherence to codes and standards emerged, yet 

this was only relevant to one organisation so may not be widespread.  Codes and standards are 

generally slow to be updated and therefore may not consider new ways to manage safety.  

Standards are typically generic to cater for a wide range of situations and may not consider 

specific applications.  Additionally, the New Zealand Building Code considers 14 discrete areas 

of risk, and has little consideration for operational hazards, and may not be compatible with the 

principles of reducing risk SFAIRP (Peace, 2017; Procter & Henderson, 2016). 

The theme of reducing risks SFAIRP did not emerge as a justification of safety decisions.  Initial 

thematic coding included the ‘availability and suitability’ of safety controls, and ‘assessment of 

gross disproportionality’ and ‘cost’ though these were not prevalent enough to be considered 

a theme.  There are some mentions of ‘SFAIRP’ and ‘ALARP’ within the artefacts though they 

appear as statements of judgement rather than an assessment using an approach described in 

the literature.   

Examples of judgement statements include ‘the existing and potential control measures should 

manage the risk SFAIRP’, ‘cannot be reduced SFAIRP’, and ‘a single direction system has been 

designed as an SFAIRP solution’.  Whether SFAIRP can be assessed through raw judgement 

alone is debatable, and New Zealand guidelines suggest otherwise (MBIE, 2018; Peace, 2017; 

Rae, 2007; WorkSafe, 2018a).  Assessment of the reduction of risk SFAIRP might occur outside 

of the artefacts provided, such as in a separate artefact or report, which is an approach used by 

the author in recent work, or it may not be being done at all.  None of the received artefacts 

contained any structured assessment of availability and suitability, cost, or gross 

disproportionality.   

Ultimately, the thematic analysis suggests that practitioners justify safety risk decisions because 

they consider the designer or contractor to be competent, or claim risks are suitably controlled 

because the design meets a code, rule, or standard.  Practitioners also justify safety decision-

making using their own judgement of acceptability, and by transferring risks to others.  These 

approaches miss the opportunities to reduce the risk in the design. 

4.4  SO4: Identify whether risks are transferred between lifecycle phases. 

In essence, the purpose of Safety in Design is to move risks from later lifecycle phases into the 

design phase in order to address them there. Hardison suggests that Safety in Design may have 

an intent of lowering safety risk in one phase, but may inadvertently increase risk in another 

phase, termed ‘risk shuffling’ (2018, pp. 31–32).  For instance, the installation of specialist 

coatings to reduce the impact of fire in the operational phase might expose workers to toxic 

chemicals during construction. 
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The original intent for S04 was to assess the artefacts for unintended risk shuffling between life 

cycle phases.  This assumed that Safety in Design practices result in many design changes, and 

those changes were to be explored to see if other risks in other lifecycle phases could be 

determined.  Content analysis was undertaken to explore whether new risks could be identified 

within the changes, and this is summarised in Appendix 3.  

However, as described in Theme 1, there were very few changes evident, and this limited the 

insight into whether unintentional risk shuffling is a problem.  Although, another issue related 

to the movement of risks between lifecycle phases did emerge. Specifically, there is very little 

evidence that risks are moved to the design phase to be addressed there.  

4.4.1  Absence of addressing risks in the design 

Figure 7 provides a representation of the ‘ideal’ model of Safety in Design where the knowledge 

of the proposed design is combined with foresight and knowledge of construction methods, 

intended operations, maintenance and disposal to identify safety risks across the project 

lifecycle. This combined knowledge is then used for decision-making so that safety risks are 

eliminated or minimised to acceptable levels through good design decisions, and any remaining 

risks are communicated to future lifecycle participants, and the process is documented for 

assurance purposes.  

 
Figure 7 - Literature ideal model of Safety in Design 

3.  Modify 
design 

1.  Use foresight to 
identify future risks  

4.  Provide assurance of risk 
management and 

communicate remaining risks 
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As discussed in part 4.4.1 and 4.4.2, there is little evidence of design changes within the Safety 

in Design artefacts, and the Safety in Design artefacts contain many messages to the future.  

These messages include instructions on how risks should be managed in that lifecycle phase 

that they are likely to appear.  This is not is risk transfer as described by Hardison (2018), this is 

simply recognising a risk, thinking about how it might be controlled, and then telling those who 

will encounter it how they might manage it.   

Figure 8 represents the notion that practitioners are using knowledge of the design combined 

with foresight and knowledge of construction methods and intended operations to identify 

safety risks and then use this knowledge to specify controls that the practitioner thinks future 

actors should employ to manage those risks in the lifecycle phase they will encounter them.   

 
Figure 8 - Safety in Design practise evident in the artefacts  

As theme 2 suggests, sometimes the messages to the future are specific, sometimes they are 

general, and sometimes they are vague.  Vague statements suggest that practitioners are not 

always sure how a hazard or risk should be controlled, and so they communicate uncertainty 

using catch-all statements such as ‘develop a health and safety management plan’, or 

‘contractor to manage this risk’. 

Failure to use the knowledge acquired from the risk assessment activity to make changes in the 

design to improve safety significantly departs from the theoretical concept of Safety in Design, 

and calls into question the value of the Safety in Design process as it is being conducted.  

 

1.   Using foresight to 
identify future risks  

3.  Message to the future providing 
advice on controlling risks 
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4.4.2  Summary of whether risks are transferred between lifecycle phases 

The purpose of Safety in Design is for practitioners early in the lifecycle of a project to manage 

future risks as early as possible by modifying the design to improve safety and avoid the cost.  

Hardison hypothesises that the resulting design changes could create unintended 

consequences through risk shuffling, and content analysis was unable to determine whether 

risk shuffling is a problem because of a lack of design changes recorded in the artefacts that 

were assessed.  However, a new problem emerged where future risks are identified, and then 

Safety in Design is used to capture, assess, and then communicate those risks back to the future 

with ideas on how they should be managed when they arise.  

This raises a number of questions. What is the effect of grabbing hold of future risks and then 

just giving them back without having done anything about them? Does this approach affect 

safety? Does this miss the opportunity to save costs? Are these instructions received by the 

contractor and operator? Do the contractor and operator follow these instructions? Do specific 

instructions create problems when they are followed, and when they are not followed? Could 

these instructions cause harm? Does Safety in Design add any value when the design is not 

altered? Why are designers not altering the design? 

It is important to note that this study only had access to a limited number of artefacts, so it is 

unknown if these findings are representative of broader Safety in Design as a practice.  More 

industry artefacts should be acquired, and further research should be conducted. 

  



76 
 

Chapter 5: Discussion & Conclusions 

The following paragraphs provide a reflection of the study objectives, discussion and 

interpretation of the findings, and conclusions from the study.   The limitations of the study are 

also discussed, and areas of future research are explored. 

5.1  Reflection on the Study Objectives  

The purpose of this study is to understand the extent to which Safety in Design influences safety 

outcomes in recent transportation infrastructure projects in New Zealand.  The study explores 

artefacts created during Safety in Design, how artefacts represent the practitioner’s influence 

on safety, how risk decisions are justified, and whether there is evidence of unintended risk 

shuffling between lifecycle phases.  The study used documents from various transport 

infrastructure projects using content analysis and thematic analysis.  The interpretive approach, 

content analysis, and thematic analysis provide good insight into Safety in Design practices from 

the 31 artefacts received from industry.  The Study Requirements identified in Section 3, Tables 

2 and 4 are achieved, and a summary of their achievement is provided in Appendix 4. 

Study Objective 1 set out to identify the types of artefacts created during Safety in Design.  The 

requirements of Study Objective 1 were achieved using content analysis to explore the 

artefacts.  The content analysis identified that safety risk registers are the most common Safety 

in Design artefact, with reports, memorandums, and presentations also recognised by 

respondents as Safety in Design outputs.  Safety in Design artefacts are predominately 

published late in the design phase, and there were no artefacts supplied from the construction 

phase, such as for temporary works.  The safety risk registers generally included fields for 

hazards, a risk score, and potential new controls that could be applied.  There was significant 

variation between safety risk registers, their layout, terminology, methods of scoring, and titles 

of fields intended for communicating to others.   

Study Objective 2 set out to identify how practitioners influence safety in later project lifecycle 

phases. The requirements of Study Objective 2 were achieved using thematic analysis to identify 

how practitioners influence safety.  The thematic analysis finds that practitioners influence 

safety, not by altering the design, but by communicating identified risks to future lifecycle 

phases through ‘messages’.  These ‘messages to the future’ are sometimes concise and clear, 

although they can also be vague and their target audience unknown.  Additionally, these 

messages are sometimes hidden within the documents and could be difficult for an intended 

recipient to find.   
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Study Objective 3 aims to identify how practitioners express safety decisions. The requirements 

of Study Objective 3 were achieved using thematic analysis to explore how risk decisions are 

expressed within the artefacts supplied by industry.  The thematic analysis finds that safety 

decisions are predominately expressed using computation scoring from a risk matrix, and by 

articulating the designer’s confidence in designers and contractors.  There is a notable lack of 

risk acceptance by reducing risk ‘So Far As Is Reasonably Practicable’. Safety decisions are also 

expressed by statements to transfer the risks to others, by statements that the design is in 

accordance with codes and standards, or by direct statements of judgement.  This approach 

aligns more closely with project risk management than Safety in Design.  

Study Objective 4 set out to identify whether risks are transferred between lifecycle phases. 

The requirements of Study Objective 4 were not directly achieved because there were 

insufficient design changes within the artefacts to support the assessment of unintended risk 

shuffling. However, the occurrences of intentional shifting risks into the design and addressing 

them through a design change appears relatively scarce.  

The themes uncovered in SO2 found that practitioners do identify risks in future lifecycle 

phases, develop their ideas of how those risks should be managed in those phases and then 

communicate them back to the lifecycle phase where they will emerge.  While different, this 

insight is greater than what SO4 set out to answer. This finding suggests a significant gap 

between literature ideals of Safety in Design and how it is performed within the examined 

artefacts.   

5.2  Is Safety in Design viewed as a compliance activity? 

Nejad provides a possible explanation for the differences between literature ideals and 

practice, where Safety in Design is viewed by practitioners as a compliance activity rather than 

a means of reducing risk in the design (Nejad, 2014, p. 94).  If a designer has completed their 

design and already optimised costs, form, function, and other parameters, then undertaking 

Safety in Design at a late stage in the design would be disruptive to the design process, 

potentially adding cost and schedule associated with changes that might be considered 

‘rework’.   
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There is an absence of safety analytical techniques evident in the project artefacts. There were 

no instances of FMEA, HazOp, or other assessments, and no mention of their conduct within 

the risk registers.  The use of safety analytical techniques assists in improving knowledge about 

the performance of the design so that the design can be improved and the remaining risks can 

be managed (Dhillon, 2018).  The lack of safety analytical techniques suggests that Safety in 

Design is not being used to improve knowledge of the design, though as stated earlier these 

artefacts may not be recognised as related to Safety in Design by those who provided project 

information.  In addition, where Safety in Design does identify new risks, there appear to be 

barriers to modifying the design because relatively simple design changes are avoided, and the 

responsibility for managing the risk is transferred to the operator, maintainer, or the public.   

The barriers to changing the design may be due to a number of reasons. The identification of 

new risks after the design is nearly finalised may raise questions about previous decision-

making.  Any design choices that are revisited might suggest that the designer ‘got it wrong’, 

‘did not do a good enough job’, or ‘missed something’.  This could be quite confrontational for 

those involved.  A practitioner might try to avoid this confrontation by minimising the portion 

of the design being reviewed, limiting the time available for review, or inviting a few compliant 

participants.  If the design is near completion, there would need to be a significant impetus for 

a change, and so there would be a natural tendency to defend the current design.  This is 

supported by the literature which suggests Safety in Design is undertaken early in the design 

process as a collaborative activity, long before the design is matured (Carnie, 2016; Construction 

Industry Council, 2016; WorkSafe, 2018a).   

Safety in Design might also depart from literature ideals if it is viewed as a means to 

communicate risks to those in later lifecycle phases.  There are strong themes of 

communication, although the format and wording of many ‘messages’  can make it difficult for 

the right message to get to the right recipient.  The ‘messages’ are generally written as 

instructions for contractors, operators, and maintainers, and some messages are akin to 

‘messages in a bottle’ thrown into the ocean in the hope that someone one day will find it.  This 

significantly erodes the usefulness of the Safety in Design as a means of communication, and 

suggests that the artefacts assessed are not intended as a primary means of communicating 

risks.  



79 
 

In order to provide assurance, the practitioner needs to assure stakeholders that safety has 

been appropriately considered and assessed.  Firstly, the documents are generally well laid out, 

colourful and professional-looking, with risk scoring using coloured cells and tables. Identifying 

risks and transferring them to others is a relatively low effort way to claim that hazards and 

risks have been identified and ‘suitable’ controls determined.  To the casual observer, they look 

complete and scientific because there are a lot of lines of text and many numbers and colours, 

and generally all the cells in the tables are populated, and so they look complete.   

There is little within the artefacts to judge whether the asserted ‘suitable’ control of a message 

to the future is more appropriate than modifying the design. Because of this, and because there 

is little evidence of changes in the design to improve safety, the project artefacts assessed have 

the hallmarks of documents used to provide assurance.  

However, because these artefacts appear complete and thorough, yet do not generally align to 

the concept of Safety in Design described in the literature, the level of safety benefit offered by 

them may be misleading (Rae & Alexander, 2017; Vaughan, 1997). 

5.3  Barriers to recording design changes 

There are other explanations for the absence of changes in the design.  Firstly, there may not 

be many changes to be made, and the number of changes may be representative of Safety in 

Design in practice.  This is unlikely, as there are many ‘messages to the future’ that could have 

reasonably resulted in changes to the design.  For example, a spring could be added to the 

design rather than ‘educating operational staff to close the gate’, or different equipment could 

be selected, or the equipment could be isolated from work areas rather than ‘requiring users 

to wear hearing protection’ (WorkSafe, 2018a, p. 61).  

Alternatively, the artefacts assessed may not be a representative set of artefacts.  Other 

artefacts that exist in transport projects may contain a greater number of design changes with 

fewer messages and vague statements.  This seems somewhat unlikely, as the themes discussed 

in Chapter 4 were present across multiple organisations, project types, and authors.  
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Practitioners may simply not be recording their judgement, design choices, or the changes they 

make.  Designers may not feel the need to document every design feature or design decision 

that controls safety risks as this could be time-consuming and onerous.  Designers might only 

record those things that contribute the most to greatest risk reduction, or things they feel they 

should tell others.  They might also resist recording their decisions because of fear of legal 

liability should something go wrong (Coble & Blatter, 1999).  Telling others in the future to 

‘follow good practice’ may be a strategy the practitioner feels will absolve them of any 

shortcomings in their design or their risk assessment, and somewhat veils their decision-

making. 

5.4  Improving knowledge in early lifecycle stages  

Industry guidance and literature suggest that downstream participants, such as operations and 

maintainers, should be involved early in the project to improve knowledge and support the 

designer’s decision-making (Hecker et al., 2005; WorkSafe, 2018a).  Such an approach also 

provides two-way communication about the types of risks the contractor and operator need to 

know about, and how they want those risks communicated to them.  Additionally, operator and 

maintainer involvement provide a greater opportunity to make the designer aware of the 

impact of their decisions, potentially modifying the designer’s assessment of risk and adjusting 

internal biases.   

As discussed in Chapter 2, there are barriers to overcome in order to involve maintainers, 

operators, and construction contractors in the design stage, as well as motivations from the 

designer to maintain a balance of cost, form, time, function, and safety (Australia & Safety and 

Compensation Council, 2006; Lingard et al., 2012).  

The emergent themes suggest that the Safety in Design practitioner remains unclear how some 

risks might be controlled and so provides ‘catch-all’ statements such as ‘develop a construction 

management plan’ or ‘wear the appropriate personal protective equipment’.  This suggests that 

the practitioner may not have a clear knowledge of the risks faced by workers and others, and 

is using Safety in Design as a means of communicating uncertainty.   

Communicating a future action as a means of addressing risk is generally incompatible with the 

hierarchy of controls.  Some of these messages were categorised as ‘engineering controls’ 

because they inform the contractor to install a physical barrier such as installing a fence at the 

top of a slope.  Safety in Design, as described in the literature, would suggest that an engineering 

control is changing the gradient of the slope in the design and that telling someone about the 

risk is administrative control.  
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The idea of using Safety in Design to tell others about risks and potential controls may be 

problematic. Do you tell contractors how those risks should be managed or just make them 

aware of the hazard? Do you compute consequence and likelihood into a risk, where the 

designer’s organisation may assess it differently, given different experiences, risk profiles, and 

ways of scoring?  People understand risk differently, and what seems risky to one person may 

not be risky to another, and also what may not be seen as a risk to the designer may pose 

significant risk to the worker or the public (Althaus, 2005; Aven, 2010; Slovic, 2000, 2010; Slovic 

& Peters, 2006).   

The involvement of contractors, operators, maintainers, and users overcomes many of these 

problems as it allows collaboration and two-way sharing of information to improve knowledge-

based decision-making.  This idea of worker involvement is evident throughout the literature 

and industry guidance as a means to assist the designer in making better decisions (Health and 

Safety at Work Act, 2015; Lingard et al., 2012; WorkSafe, 2018a).   

If a designer does not have access to downstream participants, they must make do with the 

knowledge they have.  Lack of knowledge of later project lifecycle phases would explain the 

vague and imprecise statements in the Safety in Design artefacts.  By the time their design is 

presented to the construction contractor or user, they may have used up their design budget, 

and so further changes and design work becomes difficult. 

5.5  Safety risk assessment vs project risk management  

While Safety in Design and project risk management are both risk management activities, they 

are not exactly the same.  While there is some overlap, project risk assessment and safety risk 

assessment do not generally use the same analytical techniques. There are some common 

techniques such as judgement, brainstorming, risk registers, and checklists. However, safety 

risk assessments use other analytical techniques like FMEA, HazOp studies, Bow-Tie, the 

hierarchy of controls, and the principle of SFAIRP, whereas project risk management uses 

Monti-Carlo, Delphi, and SWOT analysis to explore strengths, weaknesses, opportunities and 

threats (Badiru & Osisanya, 2016; Dhillon, 2018; Peace, 2015).   

The miss-application of project risk management activities for Safety in Design could explain the 

lack of specific safety analytical techniques, overuse of risk computation, transferring risk to 

others, informing others that a risk exists, and lack of SFAIRP assessment.  Additionally, it is 

relatively normal in project risk management to ‘accept’ low risks which might explain why 

safety risks scored as ‘low’ have no additional controls, and also why there is equivalence given 

to high-consequence low-likelihood and low-consequence regular events. 
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The notion of SFAIRP is relatively unique to safety risk acceptance, and the processes suggested 

in the literature to demonstrate that risks are reduced SFAIRP may not be well understood by 

those undertaking Safety in Design.  The principle of reducing risk SFAIRP generally requires 

assessment of known controls as to whether they are available and suitable, and then assessing 

whether the cost of treating the risk further is grossly disproportionate to the risk reduction 

(Health and Safety at Work Act, 2015; MBIE, 2018; Peace, 2017; WorkSafe, 2018a).  This 

generally requires a wide list of potential controls to be explored and some form of justification 

provided for those controls which are not able to be implemented, either on the basis of 

practicality or because the cost of doing so would be grossly disproportionate to the benefit 

(Peace, 2017).  This type of assessment is not typically evident in project risk management.   

There is an opportunity for further study to explore the differences between safety risk 

management and project risk management in order to better understand and communicate the 

differences to project risk managers and Safety in Design practitioners.   

5.6  Are the literature ideals achievable?  

There may be fundamental barriers to achieving Safety in Design literature ideals.  While there 

is increasing impetus on organisations to undertake Safety in Design, there is varying and 

contradictory guidance on how Safety in Design should be performed and what artefacts should 

be produced.  How does a Safety in Design practitioner know when they have achieved an 

outcome that aligns to the literature ideals?  Can a Safety in Design Practitioner achieve the 

literature ideals? The requirements in literature and industry guidance may be extremely 

difficult to achieve given contracting and commercial constraints. For instance, the guidance 

suggests that there is ‘consultation, cooperation, and coordination’ across the project lifecycle 

including the “project client, design team, construction contractors, suppliers, and end-users” 

(WorkSafe, 2018a, p. 15).  Experience suggests that the procurement processes, contractor 

behavioural norms, and operating organisational capacity significantly inhibit collaboration 

between these organisations during the early stages of design. This notion that it is difficult to 

gain collaboration across the lifecycle is present in the literature as a common barrier to 

improving the designers' knowledge during Safety in Design (Australia & Safety and 

Compensation Council, 2006; Coble & Blatter, 1999).   
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Industry guidance and literature also suggest a range of safety analysis techniques that can be 

used in Safety in Design. These techniques can be somewhat specialised, and may require 

specific training and practical experience to employ them effectively (Dhillon, 2018, pp. 63–84; 

WorkSafe, 2018a, p. 22).  Knowing how to undertake a HazOp, FMEA, Fault Tree Analysis, event 

tree, and knowing when to use them to good effect generally requires specialist knowledge. 

The notion of improving the competency and skill of Safety in Design practitioners through 

training and education is evident throughout the literature (Behm et al., 2014; Hardison, 2018; 

Mann, 2008).  Knowing how to undertake the safety analytical techniques may not be enough, 

because also knowing when to undertake safety assessment during a multi-disciplinary multi-

staged design is also important to inform decisionmaking before the resistance to changing 

designs increases. 

New Zealand legislation and industry guidance requires risks to be reduced ‘SFAIRP’, yet there 

is no agreed approach for undertaking SFAIRP assessment (Oldham et al., 2017; Peace, 2017; 

Procter & Henderson, 2016; WorkSafe, 2017, 2018a).  How are Safety in Design practitioners to 

demonstrate they have reduced risk SFAIRP when there is no agreed approach?  

Some approaches described in the literature require a broad assessment of the available and 

suitable ways of controlling risks and then assess whether the cost of the controls is grossly 

disproportionate to the benefit (Oldham et al., 2017; Peace, 2017; Procter & Henderson, 2016).  

Does this require the establishment of an agreed statistical value of human life, and does this 

mean the designer must pay a qualified cost estimator to estimate costs, and is there agreement 

across the industry on a ratio for gross-disproportionality (Oldham et al., 2017; Procter & 

Henderson, 2016)? Or is a Safety in Design practitioner’s judgement satisfactory? 

This study has identified that there is a gap between literature ideals and Safety in Design as 

practised, yet the organisations and projects that provided these artefacts are generally large, 

well-resourced, and well-respected professional organisations.  If the literature ideals are not 

practically achievable by them, who can achieve them?  If the literature ideals cannot be 

achieved, does Safety in Design offer value?  Do some aspects of Safety in Design provide some 

benefit?  Is it possible to close the gap between the literature ideals and practice?    
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5.7  Conclusions 

Safety in Design uses the knowledge of the proposed design combined with foresight and 

knowledge of construction methods, intended operations, maintenance, and disposal to 

identify safety risks across the project lifecycle, and then uses this combined knowledge for 

decision-making in the design so that safety risks are eliminated or minimised to acceptable 

levels.  Remaining risks are communicated to future lifecycle participants, and the process is 

documented for assurance purposes.   

Existing literature suggests that the effectiveness of Safety in Design remains empirically 

unproven, and the majority of studies that claim to support the effectiveness of Safety in Design 

do so using hindsight.  This study explored how practitioners use Safety in Design to influence 

safety in later lifecycle phases by analysing Safety in Design artefacts provided by industry.  

The thematic and content analysis of recent New Zealand transport infrastructure project 

artefacts found a significant gap between Safety in Design ideals described in the literature and 

how the 31 project documents represent Safety in Design.  This study found that practitioners 

use foresight and the knowledge gained from the Safety in Design to create messages to 

contractors and users about how they should control the risks when they encounter them, 

rather than using that knowledge to modify the design.   

There were insufficient design changes within the received artefacts to determine whether 

unintended risk shuffling is a problem, and there is a lack of evidence of the intentional 

movement of risks from later lifecycle phases into the design.  The study found that Safety in 

Design practitioners claim safety controls outside of the hierarchy of controls, such as 

adherence to a code or standard or faith in someone’s ability.   

Additionally, Safety in Design practitioners are potentially accepting high-consequence risks on 

behalf of workers and the public.  Risk computation is used as a means of risk acceptance, and 

there is evidence of ‘high-consequence low-likelihood’ risks computed as ‘low-risk’ being left 

untreated.  At best, practitioners are not recording how they are controlling these risks, and at 

worst designers and practitioners are not controlling high-consequence risks.  In either case, 

there is little evidence of practitioners assessing that risks are reduced ‘So Far As Is Reasonably 

Practicable’ (SFAIRP).  This has significant implications for public safety.  

The study finds a significant gap between literature ideals and how Safety in Design is 

documented in these project artefacts. Achieving literature ideals may be difficult due to 

variations within industry guidance for Safety in Design, and inconsistency in the guidance for 

assessing how safety risks can be reduced So Far As Is Reasonably Practicable. 
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Overall, the study finds that Safety in Design, as represented in the 31 industry artefacts, has a 

limited effect on improving safety. Additionally, the artefacts do not realise the safety, 

communication, or assurance objectives discussed in the literature.  

5.8  Limitations of the Study  

The insight gained from 31 Safety in Design artefacts in transport infrastructure in New Zealand 

is limited.  The available artefacts were acquired using opportunistic and solicited collection, 

and may not be a true representation of all artefacts that are created in New Zealand transport 

infrastructure projects. They do not capture what happens in other domains, or when artefacts 

are not created.  The findings are not representative of every Safety in Design activity, and more 

artefacts and research is required in order to make broader conclusions.  Like the Hindu parable 

of the six blind men and the elephant, “each man describes the part of the elephant they can 

feel, forming an incomplete representation of the whole” (Goldstein, 2010, p. 492), this study 

is but one very small piece of a very large elephant.  

5.9  Future Research  

There are a number of areas this study has identified as areas for future research.  This includes 

short-term areas of research to confirm this study and resolve important matters raised.  

Medium-term studies are those activities that are a lower priority, though would add value to 

the knowledge of Safety in Design.  Long-term studies include research that would take a 

significant amount of time or effort to better understand the contribution of Safety in Design 

toward improving safety outcomes. 

5.9.1  Short-term future research  

Further research is required to confirm the findings of this study in a wider context.  Such a 

study would undertake additional collection of artefacts, and use similar methods described in 

this study to confirm or refute the findings and conclusion.  

Further research is required to determine whether Safety in Design within the literature is 

actually achievable.  While there is some industry guidance that maps Safety in Design activities 

to the infrastructure delivery lifecycle (Construction Industry Council, 2016), this could be 

expanded to include interactions between participants, determination of suitable analytical 

methods within the project lifecycle, and determination the competency and skill 

requirements, tools, and other resources required to undertake the analysis.  The approach 

could be put into practice on a project to test the practicality and explore barriers.   
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Further research is also required to understand whether the ‘messages to the future’ are 

received by someone, how these messages influence the recipient’s application of safety, and 

how the recipient perceives the practitioners' assessment of risks in the message.  This could 

be carried out through smaller case studies where Safety in Design artefacts are followed 

through the project lifecycle.  This could be supported by interviews with construction, 

operations, and maintenance leaders to determine if they received the messages and to 

understand their resulting actions.  Such research would assist this study by assessing the 

influence of Safety in Design artefacts on future project lifecycle phases. 

5.9.2  Medium-term future research  

Another area of research is to explore when practitioners are undertaking Safety in Design.  A 

better understanding of just when Safety in Design activities are being conducted within the 

project lifecycle and design phases could shed light on the designer’s design decisions.  This 

could be achieved through empathetic interaction and interviews with designers and observing 

Safety in Design workshops.  A key aspect of this study would be to understand how the 

designer gains knowledge of future risks over time, and their motivations and barriers to 

revisiting previously made decisions.  

There were insufficient project artefacts to make any meaningful comparison between New 

Zealand practice and other jurisdictions. Australia and the United Kingdom have had 

requirements to undertake Safety in Design longer than New Zealand, and a comparison would 

provide insight into whether New Zealand practices are representative of global practices.  Such 

a study would assess industry supplied artefacts from both countries to see if themes similar to 

this study emerge.  

The types and effectiveness of Safety in Design artefacts created during the construction phase 

are unknown and could be an area of future research. This would explore those artefacts 

created after a design is completed, to assess whether Safety in Design follows similar principles 

or approach and whether the hierarchy of controls is applied in temporary works.  

5.9.3  Long-term future research  

Evidence of early design decisions improving safety in later lifecycle phases remains empirically 

untested. A longitudinal study following the designer’s decisions could shed greater light on the 

effectiveness of Safety in Design. Such as study would follow one or more large projects from 

conception through design, construction, and operations, and possibly disposal. This study 

would closely monitor design decision-making and follow those decisions through the lifecycle.  
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Nejad (2014) notes that there is no research that explores the relative effectiveness of 

mitigation precedence in the hierarchy of controls.  One part of the study could revisit the plant 

discussed in Chapter 2 by Lingard et al. (2013), to see if the uneven walkway resulted in any 

harm events, such as trips and falls.  This research could also compare two similar projects 

where different options are chosen for controlling similar risks to assess whether equivalent 

levels of safety are achieved.  

Zhou et al. (2015) found an absence of studies in large-scale infrastructure and transportation 

projects, and this is only one small study in this domain.  More research in this area is required. 

Future research could explore the differences in Safety in Design between domains such as 

those used in aircraft design, oil refinery design, and rail rolling-stock design, and compare 

methods, effort, and broader industry results.  
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Appendices  

Appendix 1 – Request for information 

The following letter was drafted and emailed to organisations. It was also posted on a national 

safety forum at the author’s request (Harper-Slade, 2019). 

Request for information 

Hello,  

I am currently undertaking postgraduate research into Safety in Design in New Zealand, as 

part fulfilment of the Master of Safety Leadership at Griffith University. 

I am seeking Safety in Design outputs from industry to better understand how Safety in Design 

is being applied in New Zealand.   

I am specifically interested in Safety in Design for transportation infrastructure, including road, 

rail, bus, marine, and aviation.  Infrastructure includes buildings, utilities, plant, fire systems, 

railway systems, roads, airports, and their related systems.   

If you are able to provide Safety in Design outputs, in whatever form they exist, to the email 

address below, that will greatly assist in this research.   

Please read the attached information sheet for details on privacy, confidentiality, and the 

research.   

If you have any questions, please contact me at the phone number below.   

Regards 

  
Russell McMullan 
Level 17, 29 Customs Street West, Auckland 1141 
+64-27-548-6730 
Russell.mcmullan@griffithuni.edu.au 
 

Who is conducting the research? 

Russell McMullan, as part fulfilment of the Master of Safety Leadership, Griffith University 

Who is the research supervisor? 

Dr Drew Rae 
Senior Lecturer, School of Humanities, Languages and Social Science 
Griffith University Nathan campus, 170 Kessels Road QLD 4111 
+61-7-3735-9764  
d.rae@griffith.edu.au  
 

mailto:Russell.mcmullan@griffithuni.edu.au
mailto:d.rae@griffith.edu.au
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Why is the research being conducted?      

The analysis of Safety in Design outputs aims to provide a better understanding of how the 

concept of Safety in Design is currently being applied in practice in New Zealand.   

What you will be asked to do 

To participate in this project, please provide Safety in Design1 artefacts from recent 

transportation infrastructure projects2.  Transportation infrastructure projects include road, 

rail, bus, marine, and aviation.  Infrastructure includes buildings, utilities, plant, fire systems, 

railway systems, roads, airports, and their related systems.    

The expected benefits of the research 

The expected benefit of this research is to better understand how Safety in Design is being 

applied in New Zealand.  This will assist in determining whether the purported benefits of Safety 

in Design are evident in the Safety in Design artefacts created by the industry. 

Your confidentiality 

All provided data will be de-identified to remove personally identifiable data and company 

identifiable data.  Data will be stored in a password protected electronic storage, and on 

completion of the research will be archived at Griffith University for a period of five years before 

being destroyed.   

Risks to you 

There are no foreseeable risks associated with participation in this research.   

Your participation is voluntary 

Participation is voluntary, and participants are free to withdraw from the study at any time.   

Questions / further information 

This research is conducted by Russell McMullan.  A project volunteer may be enlisted to support 

the categorisation of data after it has been de-identified.  Both the researcher and the volunteer 

are employees of City Rail Link Ltd. 

The ethical conduct of this research 

The project does not involve human participants or collect any personal data, and so formal 

ethics approval is not required.  

 

1 Safety in Design is sometimes named ‘health and Safety in Design’, safety by design’, ‘health and safety 
by design’, ‘prevention through design’, ‘safe design’, ‘design for safety’, ‘construction hazard prevention 
through design’ or ‘risk assessment’. 
2 ‘Recent’ aims to capture project information created in the last 4 years.   
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Feedback to you 

A plain-language summary of the research results can be provided via an email request.  The 

findings of the research will be published in a thesis submitted in partial fulfilment of the Master 

of Safety Leadership.  Once accepted, the thesis will be made available to industry participants 

and participants of the study. 

Privacy Statement – non-disclosure 

The conduct of this research involves the collection, access and/or use of company information.  

The information collected is confidential and will not be disclosed to third parties without your 

consent except to meet legal requirements.  Your anonymity and that of your company will at 

all times be safeguarded.  For further information consult the University’s Privacy Plan at 

http://www.griffith.edu.au/about-griffith/plans-publications/griffith-university-privacy-plan or 

telephone +61-7-3735-4375.  

  



91 
 

Appendix 2 – Author’s background and experience  

The following paragraphs provide an overview of the author’s background and experiences 

which provides insight into the author’s potential biases.  It is important to recognise personal 

biases and preconceptions and “not let such biases interfere with the ability to present a fair 

and accurate portrayal of the phenomenon”(Bhattacherjee, 2012, p. 106).   

For the last three and a half years, the author has been employed on the City Rail Link project 

in Auckland, New Zealand initially as the lead safety assurance engineer and more recently in 

an executive role. The City Rail Link Project is currently New Zealand’s largest infrastructure 

project. These roles have responsibilities for the safety of the delivered project, safety 

assurance, rail licencing, and railway safety case variations including Safety in Design, hazard 

log development and management and the development of the project safety case.  During this 

time, the author has been part of, or led ‘Safety in Design’ workshops and developed, led, or 

reviewed many detailed risk assessments, hazard risk registers, safety reports, and hazard logs.   

The author is a member of the National Rail Industry Advisory Forum (NRIAF) established by the 

New Zealand railway regulator to resolve major regulatory inconsistencies and is the work-

stream leader of the ‘risk’ and ‘safe systems’ working groups.  The author is currently on the 

steering committee for the Construction Clients Group – Safety in Design working group, which 

is an industry working group focused on improving Safety in Design practice in New Zealand.  

This group has participation from large organisations, construction companies, operators, and 

consultants. 

Prior to employment on the City Rail Link, the author worked for a multi-disciplinary consulting 

company for over five years, first as a Senior Systems engineer then as a Principal Consultant 

and Technical Director of Systems Engineering.  This role included consulting in multiple sectors, 

including rail, aviation, maritime, health, and defence on matters of system integrity and risk 

management.  This included a number of studies into aircraft system safety, investigations into 

failures, advice on risk and technical integrity of systems and organisations, organisational 

development, as well as reviews and audits of large engineering organisation’s ability to 

manage technical risk. 
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Prior to that, the author spent 18 years in the Royal New Zealand Air Force initially as an avionics 

technician maintaining aircraft, and the final 11 years as an Engineering Officer specialising in 

avionics systems integration, system safety, and software safety.  While serving in the military, 

the author undertook technical education in avionics, telecommunications, aircraft systems, 

airworthiness, systems safety, management and leadership training, and post-graduate military 

training in aircraft systems integration,  international relations, and strategic studies.  

Collectively these roles ingrained the ethos of ‘airworthiness’ (De Florio, 2011), which underpin 

the authors view of safely undertaking high-risk operations, as well as practices of risk, systems 

safety, and Safety in Design. 

Since 2016 the author has been enrolled in post-graduate academic study and has completed 

the coursework for the Master of Safety Leadership.  This has provided the author with a greater 

understanding of safety, risk, organisational creep, complexity science, and social science 

research.   

This career, experience, and education provides the basis, and biases, from which the author 

views Safety in Design, safety risk assessments, and safety risk management.   
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Appendix 3 – Thematic and Content Analysis  

Analysis - Influencing safety in future lifecycle phases 

Initial coding was undertaken using ‘open coding’ that aligned with the general areas of interest 

(Maguire & Delahunt, 2017).  All text from all artefacts was placed into a single column in excel, 

and duplicate rows removed, leaving nearly 5000 lines of text.  The analysis was undertaken 

through the sheet, looking for general themes, codes, and specific examples were drawn and 

collated until meaning emerged.  The same was then undertaken within the original unchanged 

artefacts, to ensure the themes were valid, and to explore the original artefacts for codes and 

themes based on their form and layout.   

The table below list the codes, examples, and emergent themes to understand how designers 

aim to influence safety in future lifecycle phases.  The sub-themes were also marked as ‘weak’ 

or ‘strong’ to indicate their relative presence within the artefacts.  Themes marked as ‘weak’ 

were more difficult to ascertain within the content and only appeared through exploring the 

sub-theme as an area of interest, or through the re-categorisation of codes into themes.  

Themes marked as strong were evident from the initial coding and remained evident while 

undertaking the initial categorisation and re-categorisation of themes.   

Codes Sub-theme Sub-theme 

statement 

Theme 

Help points and fire alarm points added to station 
and staff facility 

Skylights removed from platform canopy to reduce 
maintenance required 

Design of modifications to the existing 
embankment undertaken 

Reduced design from 2 shafts to 1 shaft 

Reduced to one lane each direction 

Station deleted from the project  

Record of an 
altered design  

(weak) 

1A: Safety in Design 
artefacts include 
statements of 
design alterations 
that were made to 
improve safety in 
one or more future 
lifecycle phases  

Theme 1: Safety 
in Design 
influences 
safety in later 
lifecycle phases 
by declaring 
features of the 
design that the 
practitioner 
believes will 
improve safety 

The design includes provision of bins to platform 

Design includes handrail alongside emergency 
egress walkway 

Design includes for two hydrant supplies each end 
of station 

Design includes safety critical equipment located in 
locked, access-controlled equipment rooms 

Ventilation configurations have been defined and 
are incorporated into the ventilation mode tables 

Lids designed to cope with [specified] loading 

A single direction system has been designed 

Specific 
design feature 
improves 
Operations 
and 
Maintenance 
(O&M) safety  

(weak) 

1B i): Safety in 
Design artefacts 
include statements 
of specific design 
features believed to 
improve safety in 
the O&M phase of 
the lifecycle  

Theme 1: Safety 
in Design 
influences 
safety in later 
lifecycle phases 
by declaring 
features of the 
design that the 
practitioner 
believes will 
improve safety 
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Codes Sub-theme Sub-theme 

statement 

Theme 

Design provides sufficient space for working on 
both sides of walls of tunnel during construction. 

Frames designed as a series of small bolted 
components 

Tunnel design includes waterproof membrane that 
significantly reduce ingress of noxious gases, e.g.  
methane, CO or gas main leaks 

Chamber has been designed as small as possible to 
mitigate this risk 

Specific 
design feature 
– improve 
construction 
safety  

(weak) 

1B ii): Safety in 
Design artefacts 
include statements 
of specific design 
features believed to 
improve safety in 
the construction 
phase of the 
lifecycle  

Theme 1: Safety 
in Design 
influences 
safety in later 
lifecycle phases 
by declaring 
features of the 
design that the 
practitioner 
believes will 
improve safety 

Design includes remote condition monitoring 
systems 

Some [utility] lines have been strengthened and/or 
diverted 

Benches provided to minimise risk of falling rocks 

Station intervention routes are short and 
adequately signed 

Station is an open station with relatively short 
routes to places of safety 

Access controls to non-public areas 

Adequate footpath widths - safe passage  

CCTV provided in design 

Precasting has been included in design where 
practicable 

Weld steel plate joints - design implemented 

Slope stability measures incorporated in design 

Design is hydraulically & structurally optimised 

The design includes the maximum electrical 
clearances on a minimum contact wire height  

The risk has been controlled to the current level by 
CPTED 

General 
design feature 

(Strong) 

1C: Safety in Design 
artefacts include 
statements of 
general design 
features believed to 
improve safety in 
one or all of the 
future lifecycle 
phases 

Theme 1: Safety 
in Design 
influences 
safety in later 
lifecycle phases 
by declaring 
features of the 
design that the 
practitioner 
believes will 
improve safety 

Reduce the pitch of the canopy roof as much as 
possible 

Designer to provide a roof with a load-bearing 
capacity for the number of staff considered 
appropriate for any maintenance activities 

Next stage of design to develop gate line fail-safe 
requirements 

Signage and final design to be developed by the 
designer 

New manholes to be sized accordingly (for access) 

Future design 
feature 
change  

(weak) 

2A: Safety in Design 
artefacts include 
design changes for 
future designers to 
incorporate 

Theme 2: Safety 
in Design 
influences 
safety by 
sending 
messages to the 
future  
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Codes Sub-theme Sub-theme 

statement 

Theme 

Drawings to be updated in accordance with 
supplier innovations following their site visit 

Next stage of design to ensure compliance with 
performance requirements and standards 

Substation design to be reviewed to ensure 
provision has been made for removal and 
replacement of transformers 

Designer to clarify operation requirements, final 
tunnel diameters and tunnel ventilation 
requirement 

Designer to ensure calculations are correct and 
take into account emergency mode 

Design to be further developed by detail designer 

Detail design to include cleaning and maintenance 
access details 

Designer to confirm maintenance requirement 

Findings to be issued to the Contractor 

Designer to identify the remaining hazards. 

Future design 
process  

(weak) 

 

2B: Safety in Design 
artefacts contain 
messages to future 
designers about the 
processes and 
activities to be 
undertaken.   

 

Theme 2: Safety 
in Design 
influences 
safety by 
sending 
messages to the 
future 

Design to consider shared use of poles for street 
lights, banners and Christmas lights 

Designer to consider sightlines and final layout 

Designer to consider [this risk] in detail 

Consider either deleting the polycarbonate 
skylights or replace with glass 

Consider if a diesel generator is needed to support 
the operation of lifts 

Consider alignment change 

Consider diverting existing cycle route 

Consider additional doors / gates to secure the 
entrance concourse 

Consider location of manholes to minimise 
presence in carriageway 

Consider long life light fittings above escalators 

Assess risk and consider similar details for 
[location]  

Human Factors to be considered during Detailed 
Design Stage 

Consider overspill nuisance to adjacent properties. 

Consideration should be given the either extending 
/ heightening the parapets or installing shedding 
plates  

Future 
decision-
making 
activity  

(strong) 

2C: Safety in Design 
artefacts include 
messages for future 
designers on 
decisions they need 
to make.   

Theme 2: Safety 
in Design 
influences 
safety by 
sending 
messages to the 
future 
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Codes Sub-theme Sub-theme 

statement 

Theme 

Contractor to confirm location and alignment of 
critical services 

Ensure site is properly gated from public   

Contractor to monitor noise levels during 
construction  

Precast panels to be designed [by the contractor] 
so they can be handled with available and industry 
familiar machines 

Diversion and protection of existing services 

Identify all services, pothole services, protect as 
required, use appropriate excavation techniques. 

Provide fencing/barriers to securely prevent access 
to top of excavated slopes. 

Relocate existing service(s) outside of the 
construction area, protect/bury, or have secondary 
supply of power. 

Future 
contractor 
physical 
works activity  

(weak) 

2D: Safety in Design 
artefacts include 
statements of 
specific physical 
activities for 
contractors to carry 
out. 

Theme 2: Safety 
in Design 
influences 
safety by 
sending 
messages to the 
future 

Contractor to submit construction methodology 
for approval prior to commencing work 

Contractor to submit construction methodology 
for approval prior to commencing work 

Contractor to develop construction site layout plan 
and rail safety plan for [end user org] to approve 

Contractor to submit construction methodology 
for approval prior to commencing work 

Contractor to verify materials used in construction 
of the station comply with fire requirements 

Contractor to develop and implement excavation 
and disposal procedures to suit any contamination 
indicated by the ground investigation and in 
accordance with resource consents 

Contractor to account for weather in their 
construction planning. 

Contractor to confirm isolation measures 

Contractor to design temporary stormwater 
controls 

Future 
contractor 
process 
activity  

(strong) 

2E: Safety in Design 
artefacts include 
statements of 
process activities 
for contractors to 
carry out. 

Theme 2: Safety 
in Design 
influences 
safety by 
sending 
messages to the 
future 
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Codes Sub-theme Sub-theme 

statement 

Theme 

Contractor to account for weather in their 
construction planning 

Carry out stormwater & wastewater work in 
summer if practical 

Contractor to undertake temporary works design 
where required 

Check downstream network capacity if over 
pumping to different pipes 

Require contractor to include parking 
considerations & residents assistance in 
methodology 

Contractor to verify materials used in construction 
of the [project] comply with requirements for 
visually impaired persons 

Follow planned construction methodology   

Health and safety toolbox talk to highlight issues 

Fragile or Slippery Surfaces on all structures and 
accesses Construction hazard to be addressed by 
the appointed Contractor 

Follow best practice procedures and established 
procedures 

Future 
contractor 
vague activity  

(Strong) 

2F: Safety in Design 
artefacts include 
vague statements 
of activities for 
contractors to carry 
out. 

Theme 2: Safety 
in Design 
influences 
safety by 
sending 
messages to the 
future 
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Codes Sub-theme Sub-theme 

statement 

Theme 

Contractor to adhere to appropriate regulations 
regarding hazardous materials such as asbestos 

Contractor to abide by New Zealand Electrical 
Code of Practice for Electrical Safe Distances 

Contractor to verify water supply is installed in 
accordance with Building Code 

Contractor to verify smoke detectors are installed 
in accordance with Building Code 

Contractor to verify water supply is installed in 
accordance with Building Code 

Contractor to verify foul water is installed in 
accordance with Building Code 

Contractor [to] verify construction complies with 
design / NZ Building Code (PS3) 

Contractor to develop and implement excavation 
and disposal procedures to suit any contamination 
indicated by the ground investigation and in 
accordance with resource consents 

Contractor to follow H&S standard requirements  

Comply with Materials Safety Datasheets   

Follow recommended safety practices and use 
appropriate PPE 

Contractor to confirm and implement Hazardous 
Substances requirements for handling, storage and 
containment of fuels 

Follow council/government directions/legislation 
on e-scooter safety 

All personnel working at heights shall be on 
certified scaffold and wear a safety harness 

Hearing protection shall be worn as required 

Contractor methodology to include safe work 
practices 

Future 
contract to 
follow safety 
regulations 

(strong)  

2G: Safety in Design 
artefacts include 
instructions for 
future contractors 
to follow 
regulations. 

Theme 2: Safety 
in Design 
influences 
safety by 
sending 
messages to the 
future 
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Codes Sub-theme Sub-theme 

statement 

Theme 

Strong communications from the outset is 
required 

Site access points require strong controls 

Hours of operation limited to those specified in the 
consent 

Consider if a diesel generator is needed to support 
the operation of lifts 

Consider fixed gas monitoring as appropriate 

Consider size and weight of hatch 

Design to discourage pedestrian access to 
segregated area 

Site to be fenced in accordance with [end user]’s 
requirements   

Noise management plan to be prepared 

Develop draft methodology and procedure for 
filling   

Add conditions to contract documents 

Ensure contract structure does not over-
incentivise opening date 

Alternative walkway routes to be implemented  

Vague 
instruction to 
someone 
unknown 

(strong) 

2H: Safety in Design 
artefacts include 
vague instructions 
for someone in the 
future. 

Theme 2: Safety 
in Design 
influences 
safety by 
sending 
messages to the 
future 

[end user] to review and update operational 
procedures for implementation of the [control 
room]  

[end user] to develop and implement an 
adequately funded asset management plan for the 
fire protection system 

[end user] to manage litter collection within 
station 

[end user] to implement cleaning and maintenance 
as part of adequately funded operations and asset 
management plan 

[end user org] to assess and manage this risk 
during maintenance phase (risk is that during 
maintenance, objects fall through the open bridge 
deck to the road below striking pedestrian or 
vehicle resulting in serious injury) 

Incorporated gates and balustrade into the design 
to be maintained regularly by [end owner 
organisation] 

Ensure that maintenance procedures are followed 

Instruction to 
end-user 

(strong) 

2I: Safety in Design 
artefacts include 
instructions for 
end-users  

Theme 2: Safety 
in Design 
influences 
safety by 
sending 
messages to the 
future 
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Codes Sub-theme Sub-theme 

statement 

Theme 

(The following are listed within the sections titled 
current controls, where the Safety in Design 
practitioner is claiming risk reduction credit for the 
statement as a control) 

[end user org] to provide adequate driver training 

Provide adequate signage 

Contractor / Designer to review and confirm the 
utility service conditions and develop design to suit 
the services 

Construction will be monitored 

Driver training for degraded running mode to be 
part of the  training simulation 

Appropriate barriers and signage during 
construction 

Contractor to be provided appropriate asset owner 
contact details to liaise re obligations and best 
practice 

The end-user to implement cleaning 

Actions as 
current 
controls  

(strong) 

2I: Safety in Design 
artefacts include 
hidden messages 

Theme 2: Safety 
in Design 
influences 
safety by 
sending 
messages to the 
future 

Provide adequate signage. 

Provide adequate signage and marking indicating 
right of way.  Keep it as consistent as possible.  
Look to change priority as demand increases. 

Signage and operational controls to direct 
passengers with prams or bikes to use lifts.   

Ban carriage of bicycles on railway during peak 
periods or altogether. 

Install "Keep gate closed" sign on gate and educate 
operational staff on the requirement. 

Install no-walk signs on eastern side of new fence. 

Install mirror. 

Use of 
administrative 
controls first 

(weak) 

3A: Safety in Design 
artefacts contain 
use of 
administrative 
controls ahead of 
engineering 
controls. 

Theme 3: Safety 
in Design 
influences 
safety by using 
controls that 
are outside of 
the hierarchy of 
controls.   

 

Review night working procedures. 

Review other options. 

Design subject to peer review. 

Adequate consultation with locals and use of 
professional arborists. 

The risk has been controlled to the current level by 
Design to [national] and [international] standards. 

[Designer] has taken all practicable steps to 
implement any design measures identified through 
the Safety in Design process. 

Design of escalators and associated circulation 
areas in accordance with [project] Design Manual. 

Job awarded to Tier 1 competent contractor who 
will implement appropriate temporary works. 

Statement 
outside of the 
hierarchy of 
controls  

(strong) 

3B: Safety in Design 
artefacts contain 
statements which 
are not on the 
hierarchy of 
controls 

Theme 3: Safety 
in Design 
influences 
safety by using 
controls that 
are outside of 
the hierarchy of 
controls.   
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Codes Sub-theme Sub-theme 

statement 

Theme 

Competent contractor would undertake controlled 
demolition with careful planning and detailed 
demolition plans. 

[Client] review approval process 

Table 9 - Thematic Analysis - Influencing safety in future lifecycle phases 

Justification of risk decisions 

The table below list the codes, examples, emergent theme to understand how designers justify 

risk decisions.   

Code Sub-Theme Sub-theme 

statement 

Theme 

Major 70 x Possible 4   

B Major x 3 Possible = B3 Intolerable 

2 x 4 = H 

4 x 4 =  H 

Substantial 100 x Likely 5 = Extreme 500  

Substantial 100 x Unlikely 3 = High 300 

B  x III  = Medium 

Hospitalisation x Unlikely = High 

4 x 2 = Moderate Threat 

Risk 
computation 
before 
controls 

(strong) 

4A: Safety in Design 
artefacts contain 
computation of 
likelihood and 
consequence to 
quantify risk prior 
to the application of 
additional controls 

Theme 4: Safety 
in Design risk 
acceptance is 
justified by 
using risk 
computation. 

RESIDUAL RISK Likelihood  x Consequence = 
Severity Rating 

RESIDUAL RISK C L LR 

Mitigated Risk & Resolution L  C LR 

Residual Consequence  x Residual Likelihood = 
Residual Risk Rating 

Risk Treatment Consequence x Likelihood = Risk 
Level Evaluation 

Impact Value (Residual) x Probability (Residual) = 
Risk Level (Rating) 

Minor 10 x Unlikely 3 = Low 30 

Very Likely x Extensive injury = High 

very unlikely x death = low 

Residual risk 
computation 

(weak) 

4B: Safety in Design 
sometimes uses 
computation of 
likelihood and 
consequence to 
quantify 
mitigated/controlle
d  risk 

Theme 4: Safety 
in Design risk 
acceptance is 
justified by 
using risk 
computation. 
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Code Sub-Theme Sub-theme 

statement 

Theme 

Hazard transferred to Contractor 

Transferred to Contractor and Operator 

Transferred to Contractor 

Transfer to Constructor 

This risk will be managed through [operations] and 
is outside the scope of delivery for this project  

Findings to be issued to the Contractor 

Contractor responsible for any debris created due 
to construction/demolition and clean- up of any 
obstacles left from any previous use. 

Transfer risk 

(weak) 

5A: Safety in Design 
artefacts contain 
statements about 
transferring risks to 
others.   

Theme 5: Safety 
in Design risk 
acceptance is 
justified by 
transferring risk 
to others in the 
future. 

Competent structural design consultant employed 

Independent check of structural design 

The risk has been controlled to the current level 
by: Design by competent person; Separation to 
codes and standards 

Design by competent person 

Approved, trained competent personnel 

Independent check by competent person 

Design of trough structure beneath [location] 
bridge undertaken and verified by competent 
persons (CPEng) 

Hoardings designed by competent person 

The risk has been controlled to the current level 
by: Competent structural design consultant 
employed; internal design verification process, 

Confidence in 
Designer 

(strong) 

6A: Safety in Design 
artefacts make 
statements about 
the competency of 
those involved in 
the design. 

Theme 6: Safety 
in Design risk 
acceptance is 
justified by 
having 
confidence in 
the designers 
and contractors. 

Competent skilled contractor staff. 

Job awarded to Tier 1 competent contractor who 
will implement appropriate temporary works. 

Competent contractor would undertake 
assessment of crane ground pressures due to 
heavy lifting and ensure appropriate bearing 
capacity is available. 

Competent contractor would undertake controlled 
demolition with careful planning and detailed 
demolition plans. 

Independent check by competent person 

Competent contractor would undertake 
assessment of crane ground pressures due to 
heavy lifting and ensure appropriate bearing 
capacity is available  

In all instances the risk assessments were carried 
out based on work being carried out by competent 
contractors and these should be handed over to 
the construction contractor for their further 
development during the construction period. 

Appoint competent [machinery operator]. 

Confidence in 
Contractor  

(strong) 

6B: Safety in Design 
artefacts make 
statements about 
the competency of 
those involved in 
the construction. 

Theme 6: Safety 
in Design risk 
acceptance is 
justified by 
having 
confidence in 
the designers 
and contractors. 
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Code Sub-Theme Sub-theme 

statement 

Theme 

Materials used in the station are designed and 
specified in accordance with [organisation] 
requirements and NZ Building Code for slip 
resistance 

Fire detection system designed in accordance with 
requirements, NZ Building Code and Fire 
Engineering Report 

Materials used in the station are designed and 
specified in accordance with requirements and NZ 
Building Code for aiding the visually impaired 

The risk has been controlled to the current level by 
Design to NZ Building Code 

Water supply designed and specified in accordance 
with [organisation design requirement] and NZ 
Building Code. 

All structures will be designed to appropriate 
building codes 

Temporary roof to be designed and constructed to 
NZ Building Code 

Designed to 
code 

(Weak – one 
organisation, 
7 artefacts) 

7A: Safety in Design 
artefacts make 
statements that the 
design meets 
building codes and 
standards.   

Theme 7: Safety 
in Design risk 
acceptance is 
justified by 
adherence to a 
code 

No further action required. 

Cannot be reduced SFAIRP. 

The existing and potential control measures should 
manage the risk SFAIRP. 

Risk is already low so fully enclosed footbridge not 
required. 

Construction traffic access is required, cannot be 
eliminated. 

Air entrainment not considered a risk. 

[Risk] not applicable, apart from the existing 
underpass. 

The risk may be actioned to an acceptable level by: 
Not required 

Current positioning of manhole lids deemed 
acceptable operationally. 

A single direction system has been designed as an 
SFAIRP solution. 

The likelihood of driver error cannot be reduced 
any further by the designer 

Acceptance of 
risk 

(weak) 

8A: Safety in Design 
artefacts contain 
statements that the 
risk is acceptable 

Theme 8: Safety 
in Design risk 
acceptance is 
justified by the 
designer’s 
judgement. 

Table 10 - Thematic Analysis - Justification of risk decisions 

  



104 
 

Design changes as a result of Safety in Design 

Content analysis is used to explore the supplied artefacts, and sampling and coding employed 

to create a category of statements of design changes that appear as a result of a Safety in Design 

activity (Elo & Kyngäs, 2008).  Categories were refined where there is a corresponding 

representation of a risk reduction or risk score within the artefact based on the change, and the 

corresponding risk from the artefact is added. 

The table below lists the codes, examples, and emergent themes from changes made to the 

design evident in the artefacts, along with the corresponding risk reduction score from within 

the original artefact.  

Original risk from artefact Code  

(safety control / action to be taken) 

Targeted phase 
(from artefact) 

Corresponding 
risk reduction, as 
scored within the 
artefact 

The tunnel is closed off following 
construction for an extended period 
of time allowing the air quality to 
degrade and gases might enter 
system from existing leaking service 
lines. 

Tunnel design includes waterproof 
membrane that will prevent ingress 
of noxious gases, e.g.  methane, CO 
or gas main leaks. 

End of 
construction / 
commencement 
of operations & 
maintenance 

High to low 

Inhalation of paint dust Water-based paint specification 
(instead of solvent-based paint) 

Maintenance 
(assumed) 

160 to 20 

Aircraft on apron during strong winds Tie-down points added to all stands 
for the required aircraft and 
orientation 

Operations 
(assumed) 

280 to 40 

Incorrect ventilation provided on 
demand for toxic gas discharge 

Ventilation configurations have been 
defined and are incorporated into 
the ventilation mode tables. 

Operations Uncontrolled  to 
medium 

Plunge pool steel lining dislodged Cast steel plates into lunge pool wall 
and floor.   

Maintenance Medium to low 

Vandalism and inadequate security 
provision.  If undetected, safety 
critical system may fail on demand. 

Design includes safety critical 
equipment located in locked, access-
controlled equipment rooms. 

Operations Medium to low 

Failure of infrastructure component 
e.g.  signal, member results in a staff 
member being placed in position of 
danger 

Design includes remote condition 
monitoring systems. 

Maintenance Medium to low 

Trip and slip hazards on tunnel 
emergency egress walkway 

Design includes handrail alongside 
emergency egress walkway 

Operation Medium (C3) to 
Medium (B3) 

Lack of litter bins, due to other safety 
issues, results in litter being dropped 
all over the station attracting vermin 
and presenting a fire risk. 

The risk has been controlled to the 
current level by the design including 
provision of bins to platform. 

Maintenance Moderate 
(unstated)                  
to Moderate 
unlikely 
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Original risk from artefact Code  

(safety control / action to be taken) 

Targeted phase 
(from artefact) 

Corresponding 
risk reduction, as 
scored within the 
artefact 

Injury/strain to workers due to lifting 
heavy valves/equipment in service 
tunnel. 

Provision included for lifting device. Maintenance  Moderate 
possible to               
moderate unlikely  

Table 11 - Design changes as a result of Safety in Design 

Basic risk assessment of design changes  

The table below lists the codes, and targeted phase of the lifecycle that the design change aims 

to improve.  The author’s assessment of potential new risks are posited, with potential effect 

on the overall lifecycle stated.   

Code Targeted phase 
(from artefact) 

Potential new risk 
(Author’s assessment) 

Potential effect 
on  lifecycle 
(Author’s asses
sment) 

If an increase, Is 
this risk 
identified in the 
artefact? 

Tunnel design includes 
waterproof membrane 
that will prevent ingress 
of noxious gases, e.g.  
methane, CO or gas main 
leaks. 

End of 
construction / 
commencement 
of operations & 
maintenance 

There are potential 
increases in risks during 
construction for the 
installation of the 
membrane through 
exposure to hazardous 
substances such as 
glues and fibres, while 
working in a tunnel. 

Potential overall 
increase in risks 
due to new risks 
in the 
construction 
phase. 

Risks associated 
with the 
installation of 
the waterproof 
membrane are 
not evident in 
the artefact.  
(see note 
below). 

Water-based paint 
specification (instead of 
solvent-based paint)  

Maintenance 
(assumed) 

Increased eye and skin 
irritation during 
painting, though overall 
risk reduction 
(Wieslander, Norbäck, 
& Edling, 1994) 

Potential 
reduction in risk 
across the 
lifecycle. 

N/A 

Tie-down points added to 
all stands for the required 
aircraft and orientation 

Operations 
(assumed) 

Increase in work / 
fabrication during 
construction  

Potential 
reduction in risk 
across the 
lifecycle. 

N/A 

Ventilation configurations 
have been defined and 
are incorporated into the 
ventilation mode tables. 

Operations Unable to assess Unknown N/A 

Cast steel plates into 
lunge pool wall and floor.   

Maintenance Unable to assess Unknown N/A 

Design includes safety 
critical equipment 
located in locked, access-
controlled equipment 
rooms. 

Operations Increase in work during 
construction / 
installation 

Potential 
reduction in risk 
across the 
lifecycle. 
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Code Targeted phase 
(from artefact) 

Potential new risk 
(Author’s assessment) 

Potential effect 
on  lifecycle 
(Author’s asses
sment) 

If an increase, Is 
this risk 
identified in the 
artefact? 

Design includes remote 
condition monitoring 
systems. 

Maintenance Increase in work during 
construction / 
installation 

Significant 
reduction in risk 
across the 
lifecycle. 

N/A 

Design includes handrail 
alongside emergency 
egress walkway 

Operation Increase in work during 
construction / 
installation 

Depends on 
how often 
evacuations 
occur in the 
operational 
phase 

N/A 

The risk has been 
controlled to the current 
level by the design 
including provision of 
bins to platform. 

Maintenance Increase in work during 
construction / 
installation  

Overall risk 
reduction 
across the 
lifecycle due to 
the reduction of 
litter and 
vermin 

N/A 

Provision included for 
lifting device. 

Maintenance  Increase in work during 
construction / 
installation 

Overall risk 
reduction 
across the 
lifecycle 

N/A 

Table 12 - Potential new risks as a result of a design change 

One risk control discusses the installation of a waterproof membrane in a tunnel to control pre-

operational risks, and the safety risks associated with the construction of that membrane are 

not evident in the artefact. However, the artefact does not include any construction or 

maintenance risks and appears to be focused solely on the operations. Given the nature of the 

artefact and the author’s knowledge of the project it relates to, there is likely another artefact 

that lists construction hazards which was not provided to the author, however are no mentions 

of maintenance or demolition risks.  
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Appendix 4 – Achievement of Study Requirements 

The following table reflects on the study requirements by describing how each study 

requirement is achieved.   

Study Requirement (SR) Achievement 

SR1: The form and tone of the 
collected industry artefacts are not 
altered. 

The artefacts were retained in their original format. During thematic analysis, 
the data was aggregated into common sheets, the original sheets were checked 
for content. This is mentioned in para 4.2.1.1, 4.2.1.2 and Appendix 3.  

SR2: The researches biases are 
acknowledged. 

Chapter 3 outlines the interpretive paradigm, which embraces the researcher as 
part of the study, and Appendix 2 outlines the author’s background and biases, 
which is referenced in the reflexivity statement in paragraph 3.4.3. 

SR3: Personal insights are documented 
during the study.   

Personal insights are commented throughout the study, and Chapter 5, and the 
conclusion offers discussion and reflection and insights. 

SR4: Direct observations are 
documented separately from 
interpreted meanings. 

The commentary on the thematic and content analyses separates direct 
observation from interpreted meaning.  An example is para 4.3.4, where the 
codes from the artefact are described, and the following paragraph is used to 
discuss the interpreted meaning, blended with personal insight. 

SR5: Observations are made on the 
form and expression of industry 
artefacts  

Refer to Chapter 4 and Chapter 5 Para 5.2, where the form and expression of the 
industry artefacts are described.  

SR6: The researcher’s immersive 
experience in the subject matter is 
documented. 

Appendix 2 discusses the author’s background and experience. Additionally, this 
study has taken place over an 15-month period from mid-2018 to the end of 
2019. Also, many hours were spent within the supplied artefacts, resulting in 
over 57 iterations of data review, coding, and thematic and content tables.  

SR7: Iteration between observations 
and meaning is undertaken to 
theoretical saturation to support 
hermeneutic understanding.   

Refer to Appendix 3, where the methodology for determining whether a theme 
is weak or strong is described. This required going back and forth between codes 
and the artefact, with multiple iterations of the thematic tables to achieve 
saturation.  Additionally, only after completing the thematic analysis for 
‘messages to the future’ the ratio of ‘messages’ to design changes actually 
emerged. This required looking back through the literature to support complete 
understanding.  

SR8: Industry data is sought from a 
range of projects.  This includes public 
and private entities, consultants and 
contractors, and industry groups in 
order to ensure a sufficient cross-
section of example artefacts.   

As outlined in Chapter 4, 11 respondents from 10 organisations provided 31 
separate artefacts from 23 separate projects across 6 transport infrastructure 
domains, with 21 separate authors.  The 31 artefacts from various infrastructure 
projects and stages of the lifecycle included over 1000 unique hazards and 
nearly 4000 unique controls, mitigations and actions.  However, 31 artefacts is 
also not representative of all Safety in Design activities, and this also limits the 
study. 

SR9: Limitations associated with a 
limited set of data are acknowledged. 

Figure 6 and the associated narrative in Chapter 3 and Chapter 4 outline that the 
study can only give insight into Safety in Design for those artefacts assessed, and 
cannot categorically provide empirical evidence of behaviours across the 
transport infrastructure industry.  The artefacts received only provide limited 
insight into Safety in Design practices. 

SR10: Industry data is sought from a 
variety of sources, and where the same 
author has produced multiple 
artefacts, this will be acknowledged. 

As outlined in Chapter 4, there 31 separate artefacts from 23 separate projects 
across 6 transport infrastructure domains, with 21 separate authors.  One author 
is credited with the creation of seven artefacts, a different author created three 
artefacts, two authors created two artefacts each, and all other artefacts were 
from unique authors.   
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Study Requirement (SR) Achievement 

SR11: Limitations of the study are 
recognised.   

Chapter 5, Para 5.8, outlines the limitations of this study.  

SR12: The study does not specify the 
type of artefact requested, and the 
request is clear that any artefact crated 
during Safety in Design is relevant.  
Limitations will be acknowledged. 

Appendix 1 and Chapter 3 outline the data request and collection process.   

SR13: A methodology is chosen that 
minimises biases, and the biases of the 
author will be recognised.   

Chapter 3 outlines the interpretive paradigm, which embraces the researcher as 
part of the study, and Appendix 2 outlines the author’s background and biases, 
which is referenced in the reflexivity statement in paragraph 3.4.3. 

Table 13 - Achievement of Study Requirements  

On reflection, the study requirements were suitable managed within the study.  As noted in the 

limitations section, the study can only provide insight into those artefacts received from 

industry and assessed as part of the study and provides limited insight into Safety in Design 

practices for transport infrastructure in New Zealand. In order to make more specific 

conclusions, broader research is required.  
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