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Abstract

Purpose — The purpose of this paper is to explore the relationship between the timing with which
decisions are made about how to control work health and safety (WHS) risks in construction project
(i.e. either pre- or post-construction) and the quality of risk control outcomes.
Design/methodology/approach — Data were collected from 23 construction projects in Australia
and the USA. Totally, 43 features of work were identified for analysis and decision making in relation
to these features of work was mapped across the life of the projects. The quality of risk control
outcomes was assessed using a classification system based on the “hierarchy of control”. Within this
hierarchy, technological forms of control are preferable to behavioural forms of controls.

Findings — The results indicate that risk control outcomes were significantly better in the Australian
compared with the US cases. The results also reveal a significant relationship between the quality of
risk controls and the timing of risk control selection decisions. The greater the proportion of risk
controls selected during the pre-construction stages of a project, the better the risk control outcomes.
Research limitations/implications — The results provide preliminary evidence that technological
risk controls are more likely to be implemented if WHS risks are considered and controls are selected in
the planning and design stages of construction projects.

Practical implications — The research highlights the need for WHS risk to be integrated into
decision making early in the life of construction projects.

Originality/value — Previous research has linked accidents to design. However, the retrospective nature
of these studies has not permitted an analysis of the effectiveness of integrating WHS into pre-construction
decision making. Prospective studies have been lacking. This research provides empirical evidence in
support of the relationship between early consideration of WHS and risk control effectiveness.
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Introduction

Safety in Design in the construction industry

The practice of anticipating and “designing out” potential work health and safety
(WHS) hazards associated with processes, structures and plant and equipment
(referred to in this paper as Safety in Design, and sometimes called “prevention through
design”) has attracted considerable attention in recent years (Schulte, 2008). Safety in
Design has become a key feature of government policy in Australia (Creaser, 2008).
In the construction industry, the argument that the opportunities to reduce WHS risk
are highest at the beginning of a project and become less and less as the project
progresses is often cited (Toole, 2007).

This contention is linked to the time-safety influence curve, developed by Szymberski
(1997). The theoretical curve describes the relationship between the progression of a
project through its composite phases (concept design, detailed design, procurement,
construction, etc,) and the ability to influence safety, suggesting a rapid deterioration in
the ability to influence safety as the project passes through the pre-construction stages.
At the commencement of construction, the ability to influence safety is expected to be
very low. The time-safety influence curve is almost universally cited by advocates of
Safety in Design but, thus far, little empirical evidence exists to support it and divisions
continue between those who dominate upstream (e.g. designers) and constructors and
others downstream.

Aim

The current research sought to explore the validity of an adaptation of the time-safety
influence curve, in particular by examining the extent to which there is a relationship
between the timing of WHS risk control intervention and the effectiveness of WHS risk
control solutions. Specific objectives of the research were:

« to measure the effectiveness of WHS hazard/risk controls in case study
construction projects using a newly developed leading indicator based on the
hierarchy of control (HOC);

« toundertake a detailed evaluation of the point in time at which WHS risk control
measures were selected for implementation; and

*+ to determine whether WHS risk control decisions made early in the project life
cycle, i.e. before the commencement of construction, are more likely to produce
effective controls for WHS hazards/risks.

A general discussion of the growing appetite for Safety in Design is provided to
establish the policy context for the research and a number of implementation
difficulties are identified. Previous research linking design to construction accidents is
discussed. The twofold need for prospective studies using valid and reliable measures
of WHS effectiveness is described. The HOC is presented as a useful measure of the
effectiveness of WHS interventions. A case study research approach, implemented in
the USA and Australia is described and preliminary results arising from the research
are presented and discussed. Conclusions are drawn as to the relationship between the
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timing of Safety in Design activities in the life of a construction project and the
effectiveness of WHS risk mitigation.

Safety in design policy and practice

In 1992 the Council of European Communities implemented the Directive 92/57/EEC —
temporary or mobile construction sites. This directive established minimum safety and
health requirements for temporary or mobile construction sites. The Directive required
consideration of WHS during the design and organization of construction projects.
A key feature of the Directive was the requirement to develop Health and Safety Plans in
the pre-construction stages of construction projects. The UK responded to the Directive
with the enactment of the Construction (Design and Management) Regulations in 1994.
The CDM Regulations were revised in 2007 and are currently undergoing further review
and revision.

Interest in creating WHS responsibilities for professionals engaged in the planning
and design stages of construction projects subsequently grew outside the European
Union. In Australia, for example, legislation requiring designers of buildings and
structures to consider WHS in their decision making has been implemented in all
jurisdictions. While not a statutory requirement in the USA, “Prevention through
Design” has been the focus of a number of industry reports and initiatives (see, e.g.
Gambatese et al.,, 2005) and is a strategic goal cited in the National Construction
Agenda for Occupational Safety and Health in the US Construction Sector (National
Occupational Research Agenda Construction Sector Council, 2008). While the
WHS Community has been pushing the concept, designers have been slow to “pull”
WHS upstream, presumably due to litigious concerns.

Implementation problems in design for safety

Despite the growing momentum surrounding Safety in Design, practical implementation
difficulties have been observed in construction projects. This partly relates to the level of
Safety in Design knowledge and competency in the design professions. Brace et al. (2009)
reviewed the causes of fatalities in the UK construction industry and report that “many
designers still think that safety is ‘nothing to do with me,” although there are a small
cohort who want to engage and are having difficulty doing this because they do not fully
understand what good practice looks like” (p. 12). In response to this finding, Donaghy
(2009) recommended that accrediting bodies establish specific requirements to embed
WHS in the education of all professionals engaged in the delivery of construction
projects, including designers.

Research also reveals some more structural impediments to the implementation of
Safety in Design. In a review of the research literature, Swuste ef al (2012) comment
that the design phase of construction projects offers the greatest potential for safety to
be positively influenced. However, Atkinson and Westall (2010) note that many design
modifications implemented to improve WHS in construction represent fairly modest
solutions. They cite examples of fixing rails or anchor points for fall arrest devices,
which do not eliminate the inherently dangerous activity, i.e., working at height. One
reason for this might be because, in practice, safety decisions are left to the parties
engaged in the construction stage. Small modifications to the design of the construction
process might be possible, but fundamental changes cannot be made at this point.
Swuste ef al (2012) state that leaving decisions about WHS to the construction stage of
a project will produce sub-optimal results because key decisions and the safety



consequences that flow from them are already fixed. Arguably WHS solutions
identified at this stage are likely to focus on workers’ behaviour (see, also Hopkins,
2006). It must also be recognized that, at the construction stage, many contractors take
pride in their perceived role to manage WHS decisions.

The case for Safety in Design

Many researchers have investigated the link between design and accidents in the
construction industry. For example, in the USA, Behm (2005) undertook a review of 224
construction fatalities, finding that in 94 cases (42 per cent) the design could be linked
to the fatal accident. A similar analysis of 100 non-fatal incidents in the UK construction
industry revealed identified design as a contributing factor in approximately half of the
cases (Health and Safety Executive, 2003). In Australia, Driscoll et al. (2008) reported 44
per cent of construction fatalities to be “design-related”. Cooke and Lingard (2011) further
examined data in the National Coroners’ Information System to explore the causal
pathways leading from the design of a permanent building/structure to the immediate
circumstances surrounding fatal accidents in the construction industry.

The need for prospective studies

These retrospective studies have been very useful in establishing the existence of a link
between design and WHS in the construction industry. However, the objective strength
of this link remains unclear. Further, in focusing on outcomes (i.e. accidents), retrospective
analyses tell us little about current situations that can impact future WHS performance.
In order to better understand the relationship between pre-construction consideration of
WHS and performance, prospective research designs are needed. Prospective studies in
“live” projects permit the analysis of pre-construction WHS activity (as an independent
variable) followed by the measurement of WHS outcomes (as the dependent variable) in
the construction stage.

Methods

Case study design

The research was part of a five year international benchmarking study of WHS in the
construction industries of the USA and Australasia. The research adopted a prospective
case study approach (Orum et al, 1991; Eisenhardt, 1989; Fellows and Liu, 1997; Yin,
1994). Data were collected from a total of 23 construction projects, ten of which were in
Australia/New Zealand and 13 of which were in the USA.

The research design involved replication and cross-validation of across two diverse
and different samples (i.e. the US and Australia/New Zealand project samples).

The relationship between the timing of Safety in Design decisions and the
effectiveness of WHS risk control were evaluated in the Australian and the American
data independently. This replication in two samples drawn from industries with
different industrial climates and regulatory contexts enables stronger conclusions than
had the research been undertaken within a single context.

The sample was drawn from four major delivery systems and industry sectors.
Owing to the fact that projects were drawn from various sectors of the construction
industry, the scale of the projects in the sample varied. However, as the purpose of the
research was to explore the relationship between the timing of risk control decision
making and the effectiveness of risk control outcomes, variation in the size of the
project was unlikely to impact the results. One would expect that early decision making
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would produce more effective risk control outcomes in small scale residential projects,
as much as large scale engineering projects.

For each construction project, features of work were purposefully identified by
project participants, in consultation with the research team. Features of work were
selected because they presented a particular WHS problem or challenge. Multiple
features of work were selected from each construction project. The total number of
features of work included in the analysis was 43. The number of features of work
from each construction projects ranged between 1 and 4 and the mean number was
1.9 per project.

Data collection
Data were collected to capture decisions that were made in relation to:

« the design of the feature of work;
 the process by which it was to be constructed; and
+ the way that WHS hazard/risks were mitigated.

In-depth interviews were conducted with stakeholders involved in the planning, design
and construction of each feature of work. Interviews explored the timing and sequence
of key decisions, and the influences that were at play as these decisions “unfolded” in
the project context. During the course of the research 288 interviews were conducted
(185 in Australia and 103 in the USA). The average number of interviews per feature of
work was 6.7.

Initially interviews were conducted with key project participants, i.e the client, the
principal design consultant and the construction contractor. From these interviews,
other project stakeholders were identified. These “leads” were followed up until no
further leads were provided. The number of interviews varied from project to project
but interviewees typically included end user representatives, design professionals and
consultants, suppliers of materials or equipment, specialist subcontractors and external
regulatory agencies.

The measurement of WHS

Measuring WHS using lagging indicators (such as accident frequency rates) is
unhelpful. Lagging indicators measure the absence of safety rather than the presence of
safety and do not constitute a direct measure of the level of WHS in a work system
(Arezes and Miguel, 2003; Lofquist, 2010). Even when there have been no accidents, this
does not necessarily mean that a workplace is safe and that WHS risks are being
controlled effectively (Cadieux ef al, 2006). Accident rates are susceptible to random
variation and Stricoff (2000) observes that, even a stable safety system will produce a
variable number of accidents.

There is a growing interest in the usefulness of “leading indicators” of WHS (Kjellén,
2009). Leading indicators change before the escalation of WHS risk or the occurrence of
accidents and are believed to more directly measure how well an organization is
managing WHS. In this research the effectiveness of WHS control was measured as a
leading indicator, with reference to the “HOC”.

HOC
Arguably any evaluation of WHS interventions should assess the quality and
effectiveness of risk control as a dependent variable (see also, Safe Work Australia,



2012). The HOC classifies ways of dealing with WHS hazards according to the level of
effectiveness of the control (Manuele, 2006; Haro and Kleiner, 2008).

At the top of the HOC is the elimination of a hazard altogether. This is the most
effective form of control because a hazard is physically removed from the workplace
and no longer poses a threat to health or safety. If elimination is not possible, the next
best option for risk control is substitution. This involves replacing something that
produces a hazard with something less hazardous. Beneath substitution in order of
preference are engineering controls, 1.e. controls that physically isolate workers from
hazards. The top three layers of the HOC (i.e. elimination, substitution and engineering)
are classed as technological in nature because they change the physical work
environment. In contrast, the bottom two layers of the HOC represent behavioural
controls that seek to change the way people work. These are administrative controls,
which include such measures as implementing safe work procedures or a job rotation
scheme to limit exposure to a hazard. The lowest level of control in the HOC is personal
protective equipment (PPE). Although, much emphasized and visible on a worksite, at
best, PPE should be seen as a “last resort”. Lombardi et al. (2009) provide an analysis of
barriers to the use of eye protection which provides insight into the problems inherent
in relying on PPE as a risk control measure (Lombardi ef al, 2009).

Measurement of the dependent variable

It is sometimes argued that Safety in Design is consistent with the implementation of
higher order (technological) controls for WHS risk (see, e.g. Gangolells et al, 2010).
However, little empirical evidence has been presented to support this claim. The present
research used the HOC to test this proposition.

The dependent variable was the effectiveness of measures implemented in the case
study construction projects to mitigate WHS hazards/risks. For each feature of work in
both the US and Australia/New Zealand samples WHS hazards/risks were identified.
A common categorization scheme was developed based on the National Institute for
Occupational Safety and Health, Occupational Injury & Illness Classification System
(Bureau of Labor Statistics, 2012). WHS hazards/risks relevant to each case were
identified and categorized using this classification system. Classification was based on
known hazards/risks inherent in construction activities relating to a given feature of
work, for example, features of work involving i situ blockwork were classified as
presenting a manual handling hazard/risk.

Once WHS hazards/risks had been identified and classified for each feature of work,
the methods by which each hazard/risk was controlled were identified. This information
was elicited during the interviews and supplemented with site-based observations and
examination of project documentation (e.g. plans and drawings). Next, the WHS risk
control solutions implemented for each identified hazard/risk were classified according to
their type. This classification was based on the HOC.

To ensure consistent classification of the WHS risk control measures, a detailed
coding framework was developed. This coding framework identified the options
available for controlling specific WHS hazards/risks (i.e. elimination, substitution,
engineering, administrative and PPE controls). The coding framework was used by
two researchers (one from the USA and one from Australia) who independently
allocated an HOC code to each control identified for a given WHS hazard/risk.

Each level of the HOC was given a rating ranging from one (PPE) to five
(elimination). The WHS hazard/risk controls implemented for each feature of work in
both US and Australia/New Zealand samples were assigned a score on this five-point
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Table L.

Features of work by
sector and project
delivery method

scale. Using these values, an average HOC score was generated for each feature of
work. Thus, if two hazards were identified, one was eliminated and the other controlled
by administrative methods, the mean score would be 3.5. In the event that no risk
controls were implemented, a value of zero was assigned.

To check the inter-rater reliability of the HOC coding, a subset of US cases was
independently coded by the Australian research team and a subset of Australian cases
was independently coded by the US research team.

Independent variable

The relevant independent variable for this analysis was the point in time at which a
hazard/risk control solution was selected, i.e., whether this occurred in the planning
stage, the design stage or the construction stage. The pre-construction interventions
were collapsed into a single pre-construction category. Thus, the timing of a particular
WHS intervention was dichotomously rated as occurring in the “pre-construction” or
the “construction” stage of a project. For each case, the number of safety solutions
implemented in the pre-construction stage was expressed as a percentage of the total
number of safety solutions for that case. Thus, for each feature of work, the
independent variable reflected the number of WHS hazard/risk control measures
decided upon in the pre-construction (i.e. in the planning or design stages of the project)
as a percentage of the total number of WHS hazard/risk control measures implemented.
This value was then used in further analysis as a proxy measure of the
“pre-construction safety response” for each case.

Results

The sample

Table I shows a breakdown of the features of work (cases) by industry sector and
delivery method. Cases were drawn from the heavy engineering (39.6 per cent),
commercial (20.9 per cent), industrial (27.9 per cent) and residential (11.6 per cent)
sectors of the construction industry. The majority of cases were collected in projects
procured using a Design and Build delivery mechanism (34.9 per cent). Totally, 12
cases (27.9 per cent) were collected in projects governed by accelerated project delivery
arrangements. Nine cases (20.9 per cent) were drawn from projects procured using a
traditional (design-bid-build) delivery method and seven cases (16.3 per cent) were
collected in projects using a collaborative delivery method.

Case descriptor Number of cases %
Delivery method

Collaborative 7 16.3
Accelerated 12 279
Design-bid-build 9 209
Design and Build 15 34.9
Sector

Heavy engineering 17 39.6
Residential 5 116
Commercial 9 209
Industrial 12 279




Table II shows the projects, features of work (cases) and the number of interviews
conducted. The mean HOC score for each case is also presented.

Inter-rater reliability

In order to ensure that researchers’ coding of WHS/hazard risk controls into the five
level-HOC schema was consistent between the US and Australian data sets, an inter-
rater reliability check was performed after each country had finalized their data coding.
A list of WHS challenges and implemented hazard/risk controls from one construction
project were sent from the Australian to the US research team (and vice versa). Each
group then rated the others’ data using the HOC classification and coding method. The
US rater’'s HOC classification was consistent with the Australian research team
classifications in 12 of 14 Australian cases (85.7 per cent). The Australian rater’s HOC
classification was consistent with the US research team classifications in nine of the ten
US cases (90 per cent). The high level of agreement suggests that the HOC classification
method was applied consistently between the two countries.

Descriptive statistics

Table III shows the mean HOC scores for cases by industry sector, project type and
country. Australian cases in the analysis had higher average HOC scores than were
evident in the US cases. Further, the difference between mean HOC scores between the
US and Australian cases was found to be statistically significant (f=7.731, p = 0.001).
Cases embedded within projects delivered using collaborative or design and build
delivery methods had slightly higher HOC scores than cases embedded within projects
delivered using an accelerated (fast track) or design-bid-build delivery approach. Cases
embedded in commercial and residential construction projects had lower mean HOC
scores than cases embedded in projects within the engineering and industrial
construction sectors. However, the differences in HOC scores were not significantly
different between cases embedded in projects using different delivery methods or in
different industry sectors.

Early consideration of WHS and risk control outcomes

Figure 1 shows the relationship between the extent to which WHS risk controls were
considered and decided upon before commencement of construction (i.e. in the planning
or design stages of the project) and the quality of risk control outcomes (i.e. the average
HOC score). Figure 1 shows a positive relationship between the consideration of WHS
in the early stages of a construction project and the eventual implementation of higher
order (ie. technological) risk controls in the construction stage. A Pearson product
moment correlation revealed this relationship to be statistically significant (» = 0.737,
»=0.001).

Discussion

The timing of risk control interventions

Our research provides some evidence for the link between early intervention in WHS,
especially in the pre-construction stages of the project life cycle, and the
implementation of preferred technological controls for WHS hazards/risks. This is
important new knowledge because it lends preliminary support to the validity of the
Szymberski's time-safety influence curve. If the underlying premise of the HOC is
accepted, ie, technological controls are more effective than behavioural controls for

Testing the
time-safety
influence
curve

115




(panunuoo)

WR)SAS UOIIBPUNOY

suorepunoy ped JO UOHONNSUOD PUB UOLJBABIXH JO UO1ONINSUO)) 0S¥ 6
suwnjod [3338 Jo
SUWN(OD [99)S SMOI INOJ JO UOLR[[BISUI/UOLISI  UONEB[[RISUL/UONIRIY 0Z¥ 11
9INJONIS JOOI 10] SIajJel 9INJON.1S JOOI JO
PIsSILI) pUB SISSTLI) sUIds UreU JO UOLE[[BISUL PUR UOHONNSUO))  UOLR[[RISUL/SUIIY] 0S¥ 8
s3uruado pue sppued [[em ‘9Imonins Juippepd Ayqioey
JOOI U0 SIYSIAYS pue s399ys/sfourd Jool JO UOL)e[[eIsu] [[eM pue Jooy 09Z 11 Surmioeuey
SuoNeM3al a1y yym A[dwod
0} JOO[J (OBS U9aM)I( SSUIPUE[ SAIIRUIAI[R )M 3100 SUIP[ING  SSIIF9 RIS [RUINUL
[1URD 9Y) punoJe sse1ds 1e)s adeys (), B JO UOLONISUO) JO UO[ONISUO)) cee S
SuIp[mng 3y} Jo IOLIXa apede] JVIM
9} 0] PIJISUUO0D SIVUIDW ) PUB [99]S YIIM JUSWS[I Spede] JO uone[RISUL xo[dwod
[eagoayydIe ‘Sunioddns-J[9s B JO UOLR[[BISUL/UOLONISUO)) JUOLIONIISUO)) (sl d 9 [enuapISaI A10)S-Zf
AB[ISA0 JLIJOW0AS B 918D 0} Surdeospue|
JIN) [eDIIIR PAINo[od Suisn eare arenbs usdo ue Surdeospue| Surdeospue] co'e [ doeds onqng
sI0M 21Ny Joy uoneredaid
ur ea1e 9y} dn uado 0} 911B3Y) 2IN09] SUO[BPUR)S B JO UOLI[OWS(] UOLI[OW(] 0°¢ 8 UOLI[OWP 918y,
90URUSIUIRW 0] 93NJLINUID 9Y) PUNOIe $S300. 3piaoid uwioferd
0) PIOA © 19A0 wiofield [99)S B JO UOIB[[BISUI PUR UOLJSIY  [99)S B JO UOHR[[RISU] 92 6
QINJONISLIUL JUNSIX? ) 0) IFNJLIUD Kyoey
MU Y] 309Uu0d 0} sadid mau Jo uone[eIsul pue Suipeiddn syaom adig ere er JUSUI)BII) ASRIOMIS
way) 3oedar 0) A3NJLIuDd JoJ Juswade[dax
93NJLINUAD J9SIB] SUO SUI[[BISUI PUR SIFNJLIIUD PO g SUIAOWIY JO uone[eISu| 07 er A8NJLuU)
uonduosy  YI0M JO 9INJB3J/9SB)) 91008 9SBI [oes I0J 123[01g
uesw HOH SMIIAIDIUI JO IBqUINN
2
R
22
53¢
SHEe
o ]
= HEEgs
— Ne) LEHFS2
Qay A = m L] m
(€2 RaN — a8 ST




2pge & =
—~ O O )
H o3 i =2
S = <
S P &
= =
ZEF
. —
=+
(panunuoo)
9910 B I9AO 93pLiq uernsapad
3[99p 98pLIq B JO UOIIRAJ[A PUR S3IoM Aleiodwa) Jo uoneeIsuy B JO UOIJBILJIIOaY (a4 9
9 oS
UoLepunoy $)1 pue [[em Uoiqes B Jo UOLINISU0D pue uo [[em ururejar
9 9JIS UO PROI SS300B SUIP[ING ‘SYI0M SULIRI[D ‘UONII[0D BIR(] B JO UOLONISUo) (e 8
UOI}BPUNOJ 1 aus
S)I PUB [[eM UOICES B JO UONONILSUOD PUB T 9)IS UO Uo [[em SuIuIe)al SYI0M
PROI $S300B SUIP[ING ‘SYI0M SULIBS[D ‘UONII[[0D BIB(] B JO UOLINISU0)) eLe 8 AI9A0031 POO[,]
qers aseq IaqUIBYD JATRA
B PUE S[[EM 3)910U0D SUIPN[IUL JB(UIBYD JAJRA JO UOLIINISUO)) JO UO1ONISUO)) 007 S
IE speisddn uonels
sdomadid pue sque) DY UB JO UOHR[[BISUI PUB UOONISUO)  JoM JO UOLIONIISUO)) 0s'e 11 Surdumd 193epn
suwmn[od gunioddns
UoIBpUNOJ pue suwn[od sunioddns pue woperd
)1 pUB SWe.J [99)S YIm uLiofje[d 919.10U0d B JO UONONISUO) JO uondNNSU0)) 1% 9
ssa0oe
unopyerd oy} Surssedoe dwel e Jo uonongsuo)  durel Jo uoponnsuo)) 0se 9
3pLIq SUWN[0d uone)s
ssa00e ueLnsapad e Suntoddns suwn[od Dy Jo UONONLSUO)) DY JO UonINNSUO)) oY 9 urexn ueqingng
SYI0M [BIIURYIIW wna[osnew
pue SurysIuIy ‘qefs Jool ‘sjiem Sururelal ‘ssyiom Areroduws) JUSWISSE( WNS[OSNEe
‘U0NBARIXS SUIPN[OUL WNI[OSNEBW JUSWISE( JO UOLINIISUO)) JO uondNNSU0) 617 8 Jecitliicyl
suonensar 2 yum Ajdwod 01 Aypoey uononpod
9} 9PISUL S[oUUN] JIIJ SB [[9M SB [[eM 3IIJ B JO UOLINIISUO) [1em 311, €9'Z 01
Aousmdrge pue Aoeded JBYSIY YIm Jojem wW)SAs
9)SeM JO [eS0dSIp/JUSuI}ea) 10 WAISAS MaU B JO UOLR[[BISU] [esodsIp a5eI1omag 19°¢ ¢ uononnsuodal juerd
9INJONIS 9318 SUNSIXD Y} JO SUUIYISUING SUWN[0D [39)S 9Ge 3 8urssaooad pooy
uondiosa  JIoM JO AINJBIJ/ASE) 91008 9SBD 0Bd I0J 19901

ueaw DOH

SMOTAINUT JO JOQUINN




(panunuod)

wR)sAs uorssaxddns a1y ses WRISAS
Joy adid uonnNQLOSIP PUB SIA[BA J0JenjOR ‘Syue) Jo uone[elsu]  uoissaiddns aaJ ser) [y ¥
ST 10 S9[qB[2AD91 PUR J)Sem 91N)ONI)S SUIISIXa
JO uoneIedss puR INONLS A10)S-9U0 SULISIXd JO UOLIOW(] JO uonrjows(J ov'e ¢ ULIR] I9ATG
(oo ‘syrem
9INONI)S JOOI PUE S[[EM IOLID)Xd JO UOIINISU0D pue JIOLI3IX? ‘JUaWaskeq)
JUSURSE(| 9)910U0D PIULIO]-21d JO UOHJR[[RISUI ‘UOLIBABIXS 9IS S9INJONIL)S JOLIIXY 297 ¢ UOLONISUOD 3SNOK
SIDAIP 9210 SsoIoe
JuIsn 981B( WOIJ Y9910 SSOIOR JUI| UL} JoMIS JO UOLIR[[eISU] QU YUNI) 19MI3G (a4 6
JUB) 3)910U0D Passans-a1d yue) [99)S
JO UOIONISUOD PUB UOLIRIO] YUB) JO SULIOYS PUB UONBARIXY  919.I0U0D PISSaNs-91] 052 6 jue) I9JeM JSBM
(oo ‘syrem
9INJONIS JOOI pue JIOLI3IX? ‘JUaWaskq)
S[[eM JOLIS)UI PUB JOLID)XA JO UONONIISUOD PUB UOLIRILIGR]-21] S9INJONI)S JOLIAIXY 9¢'g Z UOL}ONIISUOD 3SNOF]
DV AH Puno.e sapedLLieq joox SopeoLLIRq
JusueuLad JO UONONISUOD PUR SUBIGUISUL JOOI JO UOLIR[[RISU] PuB 2Injonns Jooy 8¢cT 9
[993S [BINIONNS 0] JUSWYILR)IL speued 932.10U00
Pue JoLw)Xa uo spued 91910u0d Jsed-91d Jo 30e[d pue Pr| Jsed-21d J0LIvXH 197 G [endsoy oLneryoAsq
X0( ssa1d pue SaInjonns
BUI)eas MAU JO UONIAIL [99)S PUB SPUR)S SUNSIXD JO UONI[OWR(]  21N)onnsmdns [99)S 0€2 8
Sonihm
unsIxa punoie pue ageies Juryted Sunsixs 0} Jusde(pe
WR)SAS UOIRPUNOJ 9[Id-0I01W JO UOLIR[[RISUI PUB UOJRARIXY] WRJSAS UOLIBPUNO,| 602 ) wnipe;)s [[eqioo,]
uondrosyq  YIoM JO 3In)esJ/ase)) 91008 98BI [oed I0] 19301
ueaw HOH SMIIAIDIUI JO IoqUINN

ECAM

2.1
118

Table II.




pgy 9 =
—~ O O 2
e es 2
& 0 s O <
R ! &=
- O
% .8
.=
=+
(Joox ‘s|rem
9INJONI)S JOOI PUB S[[EM IOLID)XS JO UOLINIISU0D PuB JOLI9)XD ‘JUSUIISE()
JUSUISSE(] 91910U0D PAULIO)-91d JO UOIIR[[RISUI ‘UOIJBABIXD 9)IQ S9INIONLS JOLIXY 967 1 9SNoy
SuIp[Ing Ul SWaJSAS [BIIUBYIIW
PUE [BIL1)OI[9 JO UOLIB[[BISUI PUE S[[EM [RUIUI JO UOLJRILIQRI-D1] SWLJSAS [RUINU] 00€ ¥
9INJONIS I0J SWea( [99)s Jo 90e[d pue Yr]  aumyonnsiadns [93)g 8.2 14 [endsoy
speou arqnd J1gen
pue sa8pLIq Aretoduwa) ‘SPeOI [NBY UO OGJeT) JO SOURUJUIRIA JO OUBUSJUIRIA] 9 9 9)BISIANUL MIN
93pLIq SUB[-f JO SUB[ SUO UO J[eydSe mau JO Uolje[[eIsul Jugen UOL}ONISU0IAT
pue jeydse Sunsixa Jo [BAOWSI SULINP JLfJRL) JO SOUBUIUIBIA JO SOUBUSJUIRIA LT ¥ a3pLig
SOII[IIN MU JO UOLJR[[RISUI
PUE SenI[IIN SUISIX JO UOLBUWSPUOD PUB UOIJRABIXY] JuswaoeR[dax AN 052 9
$199.1)S 9PIS JUIDBIPE JO JuswRARd-21 pue ABMUySIY Juyjen
QUE[-9 JO UO[ONNSU0dI JuLmp ueld JlFen) JO SUBUIUIRIA] JO OUBUSJUIBIN 09Z 9 UOLONISUOII PROY
amyonysegur Jue[d Surysixs Juswdinbs mau opeisdn
0} ur-o1) pue Juswdimba Mau JI0f 9INJONLS [93)S JO UOLIRILIQRI-D1] 10J 21n30N0S 991G NS S jueld [eonwsy))
S3urp[ng Jusdepe om) punore
9INJONI)S [93)S JO 90e[d puR JI| PUR SWILS( [99)S JO ARAIR(  aumjonysiadns [99)g e 9
[fem Surure}sx
JUOIJ JO [[J3[OR] PUB UOHONINSUOD PUR 9)IS JO UOLJBABIXH] WI)SAS UOIJBPUNO,] 6272 S BLID)OJRD 939[[0)
uonduosa]  I0M JO dINJBIJ/SB)) 91008 9SBd oB9 I0J 19301

ueaw HOH

SMOTAIUT JO JOQUINN




ECAM

Case descriptor Mean HOC score SD
221 P
Country
USA 248 0.311
Australia 3.69 0671
Delivery method
120 Collaborative 336 0,632
Accelerated 298 0.820
Design-bid-build 271 0.602
Design and build 3.38 0.233
Table III. Sector
Mean HOC scores by Heavy engineering 333 0.844
country, project Residential 3.02 0.777
delivery method and Commercial 272 0.649
industry sector Industrial 313 0.807
5.00

Figure 1.

Linear relationship
between the
pre-construction
WHS intervention
the mean HOC score

4.00

o

o

2 3.00

(&)

o

I

S 2.00

(0]

=
1.00 ¢ Case HOC

—— Linear (Case HOC)

0.00

0.0 20.0 40.0 60.0 80.0 100.0
Percentage of risks controlled in the pre-construction stage

mitigating WHS hazards/risks, our research can partially explain the shape of the
theoretical time-safety influence curve. The slope of the curve, depicted by Szymberski
and reproduced by many others, indicates that the ability to influence WHS decreases
dramatically during the pre-construction stages of a construction project. Once
construction commences the ability to influence WHS is fairly low, but the rate of
decline also slows, i.e. the curve levels.

The results indicate that it is statistically more likely that technological risk controls
(i.e. elimination, substitution and engineering controls) will be implemented if WHS is
considered and risk control decisions are taken in the early pre-construction stages of a
project. Assuming that technological risk controls will have a greater risk reduction
effect, our results support the notion that the ability to influence WHS would be
substantially lower if consideration of WHS (and the selection of hazard/risk controls)
was left until construction work has commenced.



Implications for practice

The research suggests that the early consideration of WHS hazards/risks in
construction project decision making is associated with the realization of more effective
methods of risk control. As higher order controls are technology based and make the
work environment physically safer and healthier, these are preferred forms of WHS
hazard/risk control. In contrast, if left until immediately prior to the commencement of
construction, attempts to control WHS hazards/risks are more likely to be behavioural
controls. These controls are less reliable than technological controls because humans
are fallible. Human error is an inevitable characteristic of industrial systems, and a
common feature of construction accident causation. Wherever possible, workplaces
and processes, plant and equipment, should be designed to make the work environment
inherently safe, so that errors do not result in accidents. This principle underpins the
thinking behind Safety in Design which seeks to proactively design WHS hazards and
out of workplaces, processes plant and equipment wherever possible.

Implications for research

Our research also highlights the potential usefulness of prospective research designs in
assessing how strong the link between planning and design decision making and
overall WHS effectiveness actually is. The retrospective investigation of design as a
causal factor in past accidents has been very useful to the extent that it has provided
some evidence of a link between design and safety. However, retrospective studies have
not addressed the extent to which the consideration of WHS prior to construction can
actually deliver improved WHS outcomes in subsequent project stages. Also, inherent
in the retrospective analysis of accident causes is the possibility that the relationship
between design and accidents might be over-stated by researchers who are actively
looking for “design relatedness”, a phenomenon referred to by Lundberg et al. (2009) as
“what-you-look-for-is-what-you-find”.

The prospective “live” case study approach adopted in this research is useful
in determining the strength of the relationship between the pre-construction
consideration of WHS and the subsequent effectiveness of action taken to mitigate
WHS hazards/risks.

Our research also developed a new method for measuring the dependent variable.
Rather than measure the occurrence of accidents, which is a notoriously unreliable and
rare measure of WHS performance in construction projects, we opted to use a new
“leading indicator”. In using the HOC to measure the effectiveness of the risk mitigation
effort for each case in the analysis, we more directly measured the quality of WHS risk
management.

Conclusions

The research provides preliminary empirical evidence in support of the positive
benefits of considering construction workers’ WHS when making decisions in the
planning and design stages of construction projects. The statistical results suggest that
when hazards are identified and risk control measures are chosen in the early stages of
a construction project, they are more likely to be of a higher order, technological nature,
than when WHS is not considered until construction work commences. The prospective
nature of the research sheds light on the strength of the link between early intervention
and WHS hazard/risk control outcomes. Further, the use of a leading, as opposed to
lagging indicator of WHS provided a more direct measure of the dependent variable

Testing the
time-safety
influence
curve

121




ECAM
2.1

122

than has been used in previous studies. The research highlights the importance of
encouraging project participants engaged in the planning and design stages of
construction projects to identify the WHS implications of their decisions and consider
ways to eliminate or reduce WHS risks using technological control measures when
practicable.

Limitations and future research

Despite producing new evidence to support the oft-cited time-safety influence curve,
this research was limited in a number of respects. First, no attempt was made to
identify the precise timing of the risk control interventions in the pre-construction
stages. The reason for this is that the duration of the planning and design stages for
each case study project were different. Also, the different project delivery mechanisms
created varying degrees of overlap between stages and activities. Consequently our
measurement of the timing of the WHS intervention was rather “blunt”. A more
fine-grained analysis of the relative timing and effectiveness of WHS risk control
interventions would permit the shape of the time-safety influence curve to be more
precisely defined.

We also “pooled” our projects to evaluate the relationship between the timing of risk
control decisions and the type of risk controls implemented. Our sample included
projects from different industry sectors that valued considerably in scale and cost.
Unfortunately we did not have sufficient numbers of projects to evaluate whether the
relationship between the timing of risk control decisions and the HOC outcomes differ
significantly between projects of varying size and scale.

Future research will focus on developing the HOC classification as a leading
indicator for use in construction WHS research. This will include the further
development and validation of a robust set of guidelines/rules for the classification of
specific WHS risk controls. The relationship between the HOC scoring and lagging
indicators will be examined.
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