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Summary

At the pre-construction stage of construction projects it is important for project participants to have an
understanding of the health and safety (H&S) risk profile of a project so that appropriate mitigation measures can
be introduced prior to the construction phase where accidents occur. However, at the pre-construction stage there
is often very limited information to guide project participants in ascertaining the level of risk associated with a
project. Nevertheless, pre-construction decisions such as the features of projects, due to their underlying accident
causal influence, can be informative in profiling the H&S risk associated with a project. Using responses from a
survey of UK construction professionals as inputs for a semi-quantitative risk assessment technique, this chapter
presents an assessment of the degree of H&S risk associated. with construction project features (CPFs) and the
subsequent development of a simple tool (nicknamed, “CRiMT?) for profiling the H&S risk of construction projects.
The main highlight of the chapter is that: the CPFs examined are generally associated with medium risk or high
risk implying a medium likelihood or a high likelihood of accurrence of accident/harm where such features apply
on projects. CRIMT provides a simple and sound means by which. project participants (e.g. clients and their design
and project management teams) can ascertain the H&S risk associated with a project at pre-construction, and to
also consider relevant risk controls.



Introduction

The construction industry is widely noted to be a dangerous industry in respect of the health and
safety (H&S) of workers (ILO, 2005). Despite years of gradual improvements in construction
H&S in some countries, the industry continues to record numerous deaths, injuries, and ill-health
of workers in many countries (see Department of Occupational Health and Safety, 2015; HSE,
2015a; Ministry of Manpower, 2015). As a result, efforts continue to be made to further enhance
the H&S situation of the industry. Among the efforts is the emphasis on the early planning of
H&S in project procurement. For instance in the UK, there is the Construction Design and
Management (CDM) Regulations 2015 which seek to integrate H&S into construction project
delivery right from the early design stage (HSE, 2015b) by placing legal duties on key project
participants including clients and designers. Similar regulations also exist in countries such as
Singapore and Australia (e.g. the Workplace Safety and Health (Design for Safety) Regulations
2015 of Singapore, and the Work Health and Safety Acts and Regulations of several Jurisdictions
in Australia). Central to the early planning of H&S is the need for project participants to pay
attention to underlying causes of accidents which emanate from the pre-construction phase of
project delivery.

Construction project features (CPFs), which are organisational, physical and operational
attributes of construction projects are among underlying accident causal factors and they include:
nature of project, method of construction, project duration, level of construction, subcontracting,
design complexity, site restriction and procurement system (see Mayhew and Quinlan, 1997,
Egbu, 1999; Horbury and Hope, 1999; Brabazon et al., 2000; McKay et al., 2002; Strategic
Forum for Construction, 2002; Wright et al., 2003; Perttula et al., 2003; Hide et al., 2003;
Anumba et al., 2004; Chua and Goh, 2005; Anumba et al., 2006; Ankrah, 2007; Hughes and
Ferrett, 2008; Brace et al., 2009; HSE, 2009; Manu et al., 2013). These features largely emanate
from pre-construction decisions by client; designers and project managers/planners.

At the pre-construction stage of construction projects it is important for project participants to
have an understanding of the H&S risk associated with a project so that appropriate mitigation
measures can be introduced prior to construction. This understanding is also important in order
for clients and/or their. representatives to be able to appoint project team members (e.g.
contractors) who have the competence to manage the H&S risk in a project. In the UK for
example, the Construction Design and Management (CDM) Regulations 2015 recommends that
H&S risk measures ought to-be proportionate to the risks in a project (HSE, 2015b). CDM 2015
also requires/project participants to have the knowledge, skills and experience (if individuals)
and the organisational capability (if an organisation) to manage the H&S risks in a project (HSE,
2015b). CPFEs, being underlying accidents causal factors and the result of pre-construction
decisions, can be informative in profiling the H&S risk associated with a project at the pre-
construction stage. This chapter presents a pathway for ascertaining the H&S risk profile of a
project through an evaluation of the H&S risk associated with the features of projects. In the
sections that follow, a review of approaches for assessing H&S risk is considered in order to
determine an appropriate approach for evaluating the H&S risk associated with CPFs. This is
followed by the evaluation of the H&S risk associated with CPFs and the development of a
simple pre-construction phase project H&S risk profiling tool (nicknamed, “CRIiMT”).

H&S Risk Evaluation

In terms of H&S, several definitions have been used for risk. Some of these definitions include:
“The combination of the likelihood of an occurrence of a hazardous event or exposure(s) and the
severity of injury or ill health that can be caused by the event or exposure(s)” (British Standard
Institute (BSI), 2008); and “The likelihood of a substance, activity or process to cause harm”



(Hughes and Ferrett, 2008). According to HSE (2001; 2006), risk is the likelihood that harm will
occur. By conceiving H&S risk associated with a CPF as the likelihood of that CPF to cause
harm (e.g. injury or illness), the definitions by HSE (2001; 2006) and Hughes and Ferrett (2008)
can be instructive in understanding the H&S risk associated with CPFs. It has been noted that
risk is often interchanged with the term, “hazard”, although these two are different (HSE, 2001).
Hazard is the intrinsic potential of something to cause harm (HSE, 2001), and the HSE (2001)
further relates hazard to risk, in this manner: “risk is the chance that someone or something that
is valued will be adversely affected in a stipulated way by a hazard”. Focusing on the H&S of
people, and in relation to hazard, risk is thus the likelihood that someone will be harmed (i.e.
adversely affected) by a hazard (i.e. the potential of something to cause harm).

The methods for evaluating H&S risk have mainly been categorised as. qualitative and
quantitative risk evaluation (see BSI, 2008; Pinto et al., 2011). Popular among the qualitative
methods is the checklist/questionnaire method (see Pinto et al., 2011). The quantitative methods
include failure modes and effects analysis and hazard and operability:studies (see BSI, 2008).
There are also semi-quantitative or qualitative-quantitative methods which quantify qualitative
risk information or use qualitative risk information with corresponding numeric scores (see
Aven, 2008; Sachs and Tiong, 2009; WHO and FAO, 2009). A popular method of semi-
quantitative risk evaluation is risk combination matrix (cfoRisk & Policy Analyst Ltd., 1999;
WHO and FAO, 2009) which some authors prefer to classify as a quantitative method (e.g
Hughes and Ferrett, 2008).

Literature provides examples of application of the different types of H&S risk evaluation
methods. For instance, Kariuki and Léwe (2007) developed a qualitative risk evaluation method
that systematically identifies human error in process design and the human factors that influence
its production and propagation. The New.York State Division of Industrial Safety Services used
a quantitative method that correlates the degree of risk of various construction activities and the
workmen’s compensation insurance rates (Knab, 1978). The technique adopted by the New York
State Division of Industrial Safety Services was modified by Knab (1978) who developed a
model that determines a risk score for various workmen’s compensation classifications. Sack et
al. (2009) developed the. construction hazard assessment with spatial and temporal exposure
(CHASTE) method which estimates numerically, safety risk level based on: the probabilities of
exposure in space-and time; an estimate of the probability of a loss-of-control event occurring
per worker in crew; the expected severity of the result of potential accident; and the numbers of
workers in a crew. In terms of semi-quantitative risk evaluation, Croner (in Risk & Policy
Analyst Ltd. (1999)). presented a task-based method for rating risk using a risk matrix which
combines scores for.severity and likelihood of hazard. The product (i.e. multiplication) of these
scores provides:a risk rating from 1 (very unlikely delay) to 100 (certain/imminent multiple
death). The matrix classifies risk as trivial, adequately controlled, and not adequately controlled,
on the basis of the need for further action. Hughes and Ferrett (2008) also presented a risk matrix
which estimates risk by combining severity of harm (measured by a 3-point scale: slight (1),
serious (2), and major (3)) and likelihood of harm (measured by a 3-point scale: low (1), medium
(2), and high (3)). The various combinations are assigned a degree of risk ranging from Low (for
combination 1-2), medium risk (for combination 3- 4) and high risk (for combinations 6 — 9).
Jannadi and Almishari (2003) also developed a risk assessor model which determines a risk score
for an activity and a justification factor for a proposed remedy. The risk score is estimated based
on severity, exposure, and probability which are all determined using qualitative scales (e.g.
minor cuts, for severity; occasionally, for frequency of exposure; and likely, for probability), and
are tied to quantitative scores or ratings.



The above demonstrates the variety of risk evaluation methods applied in H&S. As noted by
several authors (e.g. Smith et al., 2006; Pinto et al., 2011), generally the various methods are
valid depending on the context of application. However, these methods have their strengths and
weaknesses which should be taken into account when selecting a risk evaluation method.

Although qualitative risk evaluation is easy to use, it is subjective and thus makes it difficult for
a third party to understand the basis or rational for the evaluation (WHO and FAO, 2009). Also,
qualitative risk evaluation mainly prioritises identified hazards for further analysis and as such
does not necessarily give an indication of the likelihood of occurrence of harm (i.e. risk) (WHO
and FAO, 2009). A qualitative risk evaluation will thus not be suitable for evaluating the H&S
risk associated with CPFs. With quantitative risk evaluation, the major challenge is the
availability or completeness of any historical and numerical data needed for the evaluation (BSI,
2008; Sachs and Tiong, 2009). Previous construction accident causation studies in UK and
elsewhere have generally noted the limitations of accident recordsespecially when it comes to
studying root accident causal factors which are upstream of the projectprocurement process (see
Suraji, 2001; Bomel Limited et al., 2006; Cooke and Lingard, 2011).Given that CPFs fall in this
category of accident causal factors, a purely quantitative risk evaluation will also not be a suitable
option.

Semi-quantitative risk evaluation provides an intermediary level between qualitative risk
evaluation and quantitative risk evaluation. It offers a more consistent and rigorous approach to
evaluating and comparing risks than does qualitative risk assessment, and avoids some of the
greater ambiguities that a qualitative risk assessment may produce (WHO and FAO, 2009). It
does not require the same mathematical skills as quantitative risk evaluation, nor does it require
the same amount of data, which means it can be applied to risks where precise data are missing
or unavailable. Semi-quantitative risk evaluation thus appears to be a more suitable approach for
assessing the H&S risk associated with CPFs. Semi-quantitative risk evaluation is however not
without any weakness. The resulting risk scores are placed into usually quite broad sets of
categories (e.g. risk score 0-3.= Low risk, risk score 4-7 = Medium risk, and risk score 8-10 =
High risk). This weakness can. however be overcome if the categories are carefully
constructed/defined (WHO and FAQ, 2009). As with purely quantitative risk evaluation, a key
aspect of semi-quantitative risk evaluation is the risk expression based on which risk is evaluated.
The risk expression-indicates the risk determining variables and again several risk expressions
exist in the H&S literature. Among the common ones are:

e Risk = likelthood x severity (Risk & Policy Analyst Ltd., 1999; Hughes and Ferrett,

2008).
e Risk = probability x severity x exposure (Jannadi and Almishari, 2003).
e Risk = probability x severity x frequency (Risk & Policy Analyst Ltd., 1999).

Another common and hence widely used expression is, Risk = Hazard x Exposure (Chicken and
Posner, 1998; Duffus and Worth, 2001; Canadian Centre for Occupational Health and Safety,
2008). By this expression, risk (i.e. the likelihood of occurrence of harm) is a function of hazard
(i.e. the potential of a thing to cause harm) and exposure to the hazard. This expression is
supported by the argument that unless there is hazard, there cannot be risk (HSE, 2000). The role
of hazard in determining risk is emphasised by this: “risk is the chance that someone or
something that is valued will be adversely affected in a stipulated way by a hazard” (HSE, 2001).
The expression also shows that hazard alone does not determine risk but does so through
exposure of people to the hazard. Duffus and Worth (2001) support this with the argument that
unless there is exposure to a hazard there will be no risk regardless of the degree of the hazard.
Hazard, being the potential of a thing to cause harm, coupled with exposure thus determines risk.



Considering the accident causal influence of CPFs, their potential to influence accident
occurrence can be taken as their potential to cause harm to people, as accidents eventually result
in harm (e.g. injury and ill-health). The H&S risk associated with CPFs (i.e. the likelihood of
occurrence of accident/harm) can thus be considered in terms of the expression, Risk = hazard x
exposure, where hazard (i.e. the potential to cause harm) is taken as the potential of CPFs to
influence accident occurrence. Exposure is the extent to which people or objects are subjected to
a hazard (Canadian Centre for Occupational Health and Safety, 2008) and can be assessed in
various forms such as duration, frequency, concentration, inhalation and contact (see Duffus and
Worth, 2001; Canadian Centre for Occupational Health and Safety, 2008). Referring to semi-
quantitative risk evaluation as a viable approach for evaluating the H&S risk associated with
CPFs, a risk matrix can be used given its wide use and also considering that the mathematical
risk expression, Risk = hazard x exposure, can easily be applied in a two-dimensional matrix
format when adapted for the context of the H&S risk associated with. CPFs. In terms of the H&S
risk associated with CPFs, the above expression can thus be re-written:as:

H&S risk associated with a CPF = The potential of the. * _................. Eqgn.1
CPF to influence accident occurrence x Exposure ‘of
workforce.

In order to evaluate the H&S risk associated with CPFs, the next section presents how the inputs
of the expression were determined and subsequently applied.

Research Methods
The methods/steps applied are given in the following sections.

Determining the potential of CPFs to influence accident occurrence

To enable measurement of the potential of CPFs (i.e. nature of project, method of construction,
project duration, level of construction, subcontracting, design complexity, site restriction and
procurement system) to influence accident occurrence, a quantitative approach, in particular
survey, was adopted. Contractor personnel including site managers, construction managers, H&S
managers and project managers commonly work on construction project sites in management
roles and from their extensive industrial experience in construction are likely to be aware of the
above CPFs as well as their impact on H&S on projects. These professionals were therefore
targeted in a survey inorder to enable a generic assessment of the CPFs’ potential to influence
accident occurrence. The reported difficulty in studying underlying causes of accidents using
accidents records/cases (see Suraji et al., 2001; Bomel Limited et al., 2006; Cooke and Lingard,
2011) also supported the use of an alternate research approach, in this case a survey, to determine
the potential of the CPFs to influence accident occurrence.

A questionnaire was designed to measure the degree of potential of the CPFs to influence
accident occurrence using a Likert-type 5-point scale (0 = None, 1 = Low, 2 = Moderate, 3 =
High, 4 = Very High) similar to that used in a previous accident causation study (see (Hide,
2003)). In order to reach the above groups of contractor personnel, a survey was thus conducted
on a sample of contractors randomly drawn from the UK Kompass online directory. A total of
1000 questionnaires were administered to contractors requesting for the participation of a
professional in construction management role. The survey yielded 184 valid responses giving a
response rate of 18.4%. The respondents’ roles are: project manager (7.61%), construction
manager (15.76%), site manager (2.17%), H&S manager (56.52%), and other construction roles



(e.g. managing director, construction director, operations managers and Integrated Manager
(Health, safety, environment, and quality)) (17.94%). Altogether, the professionals have an
average of 16.30 years of experience in their roles, an average of 24.31 years of experience in
construction and approximately 80 percent have over 10 years of experience in construction.
Approximately 70% of the respondents are members of at least 1 industrial professional body
(e.g. Institution of Civil Engineers, Institution of Occupational Health and Safety, Chartered
Institute of Building, International Institution of Risk and Safety Management, Institution of
Engineers-lreland, The Institution of Royal Engineers, and the Royal Institute of Chartered
Surveyors). The survey results presented in Table 1 show the minimum, maximum, mean score
and standard deviation regarding the potential of the CPFs to influence accident occurrence. The
table also shows single item inter-rater agreement indices (rwg) which show. evidence of
consensus amongst the respondents (James et al., 1984).

Table 1: Potential of CPFs to influence accident occurrence
Construction Project *Mean Potential to | Std. Deviation | Minimum | Maximum **rwe

Features influence accident
occurrence
Demolition 3.1739 .95367 0.00 4.00 0.55
Underground construction 2.8368 .89677 0.00 4.00 0.60
Tight project duration 2.8361 .70531 0.00 4.00 0.75
High-level construction 2.7554 .89319 0.00 4.00 0.60
Multi-layer subcontracting 2.6998 .78400 0.00 4.00 0.69
Complex design 2.6141 .84802 0.00 4.00 0.64
Restricted site 2.6089 .80872 0.00 4.00 0.67
Restricted site locality 2.5703 .76306 0.00 4.00 0.71
Refurbishment 2.5169 .92349 0.00 4.00 0.57

Traditional on-site

construction 2.2174 .65830 0.00 4.00 0.78
New work 1.9858 75112 0.00 4.00 0.72
Management contracting 1.9499 .76143 0.00 4.00 0.71
F')Drf)sc'gpez‘edmb“”d 1.8260 77698 0.00 4.00 0.70
grrgg&tr';’r?]i'n?eth(’d of 1.8058 81008 0.00 4.00 0.67
Unrestricted site locality 1.7955 .74548 0.00 4.00 0.72
Unrestricted site 1.7949 .78860 0.00 4.00 0.69
Partnering procurement 1.7709 .76016 0.00 4.00 0.71
Low-level construction 1.7111 73799 0.00 4.00 0.73
Adequate project duration 1.6558 712922 0.00 4.00 0.60
Single-layer subcontracting 1.6252 72704 0.00 4.00 0.74
Simple design 1.5475 73703 0.00 3.00 0.73
Pre-assembly construction 1.5146 77634 0.00 4.00 0.70

* Mean ratings are based on a 5 point scale (0 = none, 1= low, 2= moderate, 3 = high, 4 = very high).

**1we = Single-item inter-rater agreement index. rwg indices are based on a uniform null distribution. Based on 10,000 simulation runs,
rwe values of 0.08, 0.10 and 0.14 are the 90%, 95% & 99% confidence interval estimates respectively for group size of 184 and 5
response options (i.e. 5 point scale). Hence rwg values > 0.14 are evidence of significant agreement at p < 0.01.




Determining exposure of workforce to CPF

It has been argued in Manu et al. (2012) that in the context of CPFs, due to their remoteness in
the process of accident causation, workforce exposure to their potential to influence accident
occurrence can realistically be assessed at a generic project level such as in the form of the
duration within which a CPF applies on a project or by broadly assessing exposure in terms of
whether or not a CPF applies to a project. However, given the difficulty in assessing exposure in
terms of duration for some CPFs (e.g. level of construction and subcontracting), assessing
exposure in terms of whether or not a CPF applies to a project is a more pragmatic option. This
means that, if a CPF applies to a project the workforce will be exposed to its potential to.influence
accident occurrence and where a particular CPF does not apply to a project, the workforce will
not be exposed to its potential to influence accident occurrence. In line with semi-quantitative
risk evaluation where qualitative information are assigned numeric scales, assessing exposure in
this manner can be expressed as a binary situation, where ‘zero’is assigned-a no exposure
condition and ‘one’ is assigned a condition where the workforce is exposed. It is logical to assign
‘zero’ to a no exposure situation because without exposure there can be no risk (Duffus and
Worth, 2001; HSE, 2001) and as such any degree of potential to influence accident occurrence
combined (i.e. multiplied) with a no exposure condition will yield no risk.

Definition of risk categories in risk combination matrix

Degree of potential of CPFs to influence accident occurrence has been assessed using a 5-point
scale (0 = None, 1 = Low, 2 = Moderate, 3.= High, and 4 = Very High). Having determined a
semi-quantitative scale for expressing expasure, (i.e. 0 = workforce not exposed - where a CPF
does not apply to a project; and 1 = warkforce exposed - where a CPF applies to a project), the
risk expression (i.e. Eqn. 1) was then'applied using a risk combination matrix as given in Table
2 below.

Table 2: Risk combination matrix

Exposure

Potential to influence
accident occurrence

[ellelle}le}le] ]
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From the above matrix, the H&S risk associated with a CPF can range from a score of 0 (being
the least) to 4 (being the highest). These numeric levels of risk need to be assigned qualitative
risk categories to enable interpretation of the risk matrix. In doing so, the risk categorisation
proposed by the BSI (2008) was very instructive. The BSI (2008) proposes a five band risk
categorisation and acceptability as follows:

e Very Low: Risk is considered acceptable. No further action is necessary other than to
ensure that the controls are maintained.

e Low: No additional controls are required unless they can be implemented at very low
cost (in terms of time, money and effort). Actions to further reduce these risks are
assigned low priority.



e Medium: Consideration should be given as to whether the risks can be lowered, but the
costs of additional risk reduction measures should be taken into account.

e High: Substantial efforts should be made to reduce the risk. Risk reduction measures
should be implemented urgently.

e Very High: Risk is unacceptable. Substantial improvements in risk controls are
necessary, so that the risk is reduced to an acceptable level.

For the assessment of the H&S risk associated with CPFs this five-band categorisation was
adapted. Applying this categorisation to Table 2, as no exposure results in no risk and similarly
the absence of potential to cause harm also results in no risk (Duffus and Worth, 2001; HSE,
2001), the ‘0’ risk values in Table 3 were assigned a ‘No risk’ category. Risk score‘4’ being the
highest, was thus assigned a ‘Very high risk’ category, and risk score ‘2’ being the mid score was
assigned a ‘Medium risk’ category. Risk score ‘1’ being the next risk score-below risk score 2’
was assigned a ‘Low risk’ category and finally risk score ‘3’ being the next risk value above risk
score ‘2’ was assigned a ‘High risk’ category. Assigning the qualitative risk categories to the
numeric scores, results in an interpretable risk combination matrix-given by Table 3. Following
the systematic definition of the risk categories, the H&S risk associated with CPFs was assessed
by combining the mean scores of degree of potential of CPFs to influence accident occurrence
(in Table 1) and the binary scores for exposure. The eventual risk assessment is presented next.

Table 3: Risk combination matrix with defined:risk categories

Exposure
0 1
0 0 (No.risk) 0 (No risk)
Potential to 1 0 (Narisk) 1 (Low risk)
influence accident 2 0-(No risk) 2 (Medium risk)
occurrence 3 0 (Norisk) 3 (High risk)
4 0.(No risk) 4 (Very high risk)

Results & Discussion: H&S Risk Associated with CPFs

The outcome of the risk combination is given by Table 4. From the assessment, where a CPF
applies to a project, demolition has the highest degree of risk (i.e. risk score 3.17) and pre-
assembly construction has-the lowest degree of risk (i.e. risk score 1.51). To assist with better
interpretation of the numeric risk scores, they are approximated to the nearest risk score to give
an overall risk-category. From Table 4, the degree of H&S risk associated with a CPF where it
applies on a project can be generally considered as either being high risk or medium risk.
Amongst the 22 CPFs, 9 are high risk features implying they are associated with a high likelihood
of accident occurrence. The remaining 13 CPFs are medium risk features implying they are
associated -with medium likelihood of accident occurrence. The overall risk assessment is
consistent with some of the few qualitative comparative risk evaluations in literature such as new
work being considered as having less risk than refurbishment (Anumba et al., 2006). However,
contrary to pre-assembly construction being considered as having less degree of H&S risk than
traditional method of construction (see McKay et al., 2002) the assessment given by Table 5
indicates that pre-assembly and traditional construction are similarly medium-risk CPFs. In
terms of acceptability of risk, referring to the guidance by the BSI (2008), none of the CPFs is
associated with acceptable risk indicating that whichever CPFs apply to a project, measures need
to be undertaken to mitigate their associated risk, albeit the extent of the measures should depend
on the degree of risk. Whereas for medium risk CPFs consideration should be given as to
whether risk can be lowered further, for high risk CPFs substantial measures are required to be
implemented.



Table 4: Risk combination matrix for evaluation of the H&S risk associated with CPFs

Potential to influence accident occurrence Exposure H&S Risk associated
with CPF where CPF
applies to a Project

0 1 High
; ; CPF does not CPF applies | Risk [Medium Risk
Construction Project Features | nean score ap(ply ‘o 2 project) (to , pr(F))jF«)aCt) & @
Demolition 3.17 0 3.17 v
Underground construction 2.84 0 2.84 v
Tight project duration 2.84 0 2.84 v
High-level construction 2.76 0 2.76 v
Multi-layer subcontracting 2.7 0 2.7 v
Complex design (i.e. design with 261 0 261 v

intricate aesthetic qualities)

Restricted site (i.e. where
footprint of facility covers most of 2.61 0 2.61 v
the site area)

Restricted site locality e.g. city

centre location 2.57 0 2.57 v

Refurbishment 2.52 0 2.52 v

Traditional on-site construction 2.22 0 2.22 v
New work 1.99 0 1.99 v
Management contracting 1.95 0 1.95 v
Design and build procurement 1.83 0 1.83 v
e o EN A ‘
Unrestricted site locality 1.8 0 1.8 v
Unrestricted site 1.79 0 1.79 v
Partnering procurement 1.77 0 1.77 v
Low-level construction 1.71 0 1.71 v
Adequate project duration 1.66 0 1.66 v
Single-layer subcontracting 1.63 0 1.63 v
Simple design 1.55 0 1.55 v
Pre-assembly construction 151 0 1.55 v

Development & Verification of a Simple Pre-construction Phase Project H&S Risk
Profiling Tool

Tool development

The features of projects can vary from project to project, and as such the features of a project
“A” (e.g. refurbishment, high-level construction, tight duration, etc.) can differ from another
project “B” (e.g. new build, low-level construction, complex design). It is thus desirable to have
a simple tool that would enable project participants (at pre-construction stage) to select the
features that apply/would apply to a project and view an overall H&S risk profile for the project
(based on the selected/applicable features). In view of this a simple computer-based tool using
Microsoft Excel was developed to represent the risk information given by Table 5. Microsoft
Excel, amongst its several functions for executing tasks, has a function called the “IF function”
(Bluttman and Aitken, 2010). The IF function returns a value if a condition is true and another
value if that condition is false (Bluttman and Aitken, 2010). This function can be very useful



where among several possible scenarios a user wishes to display only the specific information
relevant to a particular scenario. As different CPFs may apply to any single project, this function
in Microsoft Excel can be used to create a series of instructions which retrieve and display only
the H&S risk profile related to a selection of CPFs which apply to a project. This function in
Microsoft Excel was thus used extensively in creating a simple pre-construction phase project
risk profiling tool. Aside displaying the H&S risk profile of a project, the tool included
suggestions for mitigating the risk associated with the CPFs. The suggestions are based on the
hierarchy of risk control (BSI, 2008; and Hughes and Ferrett, 2008) and the effect of two factors
that have been shown to affect the potential of a CPF to influence accident occurrence: (1) the
potential of proximate accident cause(s) which are related to the CPF to influence accident
occurrence; and (2) the degree of prevalence of the proximate accident cause(s).within a CPF
(Manu et al, 2014). For example high-level construction is related to the proximate accident
cause, “working at height” (see Chapter - A Model of How Features of Caonstruetion Brojects
Influence the Occurrence of Accidents on Projects). From Manu etal., (2014) the potential for
high-level construction to influence accident occurrence is therefore related to: the potential for
“working at height” to influence accident occurrence (i.e. the potential for working at height to
cause harm); and the degree to which “working at height”_.is" prevalent. within high-level
construction. To mitigate the level of H&S risk associated with high-level construction, there is
therefore the need to either, (1) mitigate the potential of “working at height” to cause harm by
making it safe for operatives to work at height (e.g. using fall protection); and/or (2) mitigate the
prevalence of “working at height” (e.g. reducing the need for operatives to work at height by
designing out work at height). The Microsoft Excel tool has been nicknamed, “CRIMT”. Figure
1 is a screenshot illustration of “CRIMT”
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Figure 1: Screenshot illustration of “CRIMT”
Tool verification

To enable verification of the risk information in Table 4 and the industrial relevance of the tool
to pre-construction H&S planning, the tool was tested by experienced construction professionals

10



in construction management related roles. The professionals were asked to trial the tool by
selecting the features of a recently completed project they have worked on and then proceeding
to view the H&S risk profile displayed by the tool. They were then asked to respond to three
main questions. The first question was about the similarity between the displayed H&S risk
profile and the actual H&S risk experienced on the project. The remaining two questions which
explored the relevance of the tool to pre-construction H&S planning were only applicable to
those respondents whose organisation’s operations involve early (e.g. concept/design stage)
H&S planning e.g. housing development, design and build, etc. The demographic information
of the professionals (n = 13) is provided in Part A of Table 5 below.

Table 5: Tool verification feedback
PART A: Respondents’ Information

Respondents 1D Years of Exper_ience in
Respondents TL Role Construction
1 H&S Manager 9
2 Construction H&S Consultant 15
3 H&S Manager 22
4 Business Improvement Manager 40
5 Construction Manager 13
6 H&S Manager 25
7 H&S Manager 9
8 H&S Manager 9
9 Construction H&S Consultant 30
10 H&S Manager 30
11 H&S Manager 30
12 Construction Manager 30
13 H&S Manager 30
Part B: Similarity of H&S risk Response
No Not Slightly Fairly Similar Very
response | similar | similar similar similar
1. How similar is the risk profile to 15.38% 23.10%
the H&S challenges and risk ) 0% (0) | 15-38% | 30.76% ©) 15.38%
experienced on the project? @ Q) @)
Note: Outside bracket represents number of respondents.
Part C: Usefulness of tool to pre- Response
construction H&S planning
No Not Slightly Fairly Useful Very
response | useful useful useful Useful

2. At the concept/design stage of a 18.18% | 0% (0) 9.09% 36.36% 18.18% 18.18%
new development how useful (2) 1) (4) (2) 2)
could risk information such as
that provided by this tool be in
terms of informing/influencing
decisions that determine CPFs?

3. At the concept/design stage of a 0% (0) 0% (0) 9.09% 45.45% 27.27% 18.18%
new development how useful (1) (5) ©) 2)
could risk information such as
that provided by this tool be in
terms of informing/influencing
the planning of design or project
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management solutions to control
H&S risk posed by CPFs?

Note: Total number of applicable respondents = 11. Outside bracket represents number of respondents.
Applicable respondents are those whose organisation’s operations are likely to involve early (e.g.
concept/design stage) H&S planning e.g. housing development.

The minimum and mean number of years of experience of the respondents in construction is 9
years and 22.53 years respectively. Collectively, this indicates a respectable amount of
experience in the management of construction and H&S (see Hallowell and Gambetese, 2010)
and therefore their feedback can be deemed credible. In terms of how the risk profile given by
the toolkit compares with the H&S challenges and risk experienced on the respondents’ projects,
as shown by Part B of Table 5, the responses range from slightly similar to very similar with a
majority of the respondents (i.e. 9 representing 69.24%) indicating at least afair similarity. This
means that the risk information given by the tool reasonably reflects the actual H&S risk
situations induced by the CPFs on the respondents’ projects. The responses (given in Part C of
Table 5) indicate that for 11 of the 13 respondents the nature of their organisations’ operation
involves pre-construction decision-making which, among others, determines CPFs and also
planning design or project management solutions to control H&S risk posed by CPFs. These
respondents include two H&S consultants whose role involves.advising on such matters. As can
be seen from Table 5, a majority of the respondents (i.e. 8 out of the 11, representing 72.72%)
indicated that the information given by ithe toolkit is <at least fairly useful for
informing/influencing decisions that determine CPFs. Again a majority of the respondents (i.e.
10 out of the 11, representing 90.91%) indicate that the infermation given by the tool is at least
fairly useful for informing/influencing the planning of design or project management solutions
to control H&S risk posed by CPFs. Overall, these indicate that the risk information given by the
tool is of practical relevance to managing the H&S risk posed by CPFs during the pre-
construction stage of project delivery.

Implications

In the light of the overall risk assessment, high risk CPFs (e.g. tight project schedules and
intricate designs) should certainly not be taken lightly. For instance clients ought to allow
sufficient time and resources for projects and designers ought to produce designs that would be
safe for contractors to build and maintain. In the UK this is required under the CDM regulations.
Adhering to such requirements should not be taken as being trivial or as a mere tick in the box
exercise as there is a great likelihood of accidents occurring on projects where these features and
similar high risk features apply. As CPFs emanate from the pre-construction stage of project
procurement through decisions by the client, design team and project management team, these
project participants have an enormous opportunity to mitigate the H&S risk associated with
projects by virtue of their characteristics. In making decisions which determine CPFs, the
decision makers could select medium risk CPFs over high risk CPFs as there is relatively less
likelihood of accident occurrence associated with medium risk CPFs. As the selection of a high
risk CPF may be inevitable in some situations due to possible project constraints such as client
requirements (Suraji et al., 2001), pre-construction project participants would have to implement
risk mitigation measures. In doing so, greater priority ought to be given to high risk CPFs and as
such substantial efforts (i.e. resources) will have to be allocated towards mitigating the risk
associated with high risk CPFs. With medium risk CPFs, as there is still some likelihood of
accident occurrence where such CPFs apply, they cannot be totally disregarded. As
recommended by the BSI (2008), further consideration ought to be given as to whether the risk
can be reduced further while taking into account the cost of any measures.
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In all, the risk assessment accords each CPF its degree of H&S risk which allows for comparison
amongst all the CPFs. The risk assessment offers an important insight which should assist project
participants in ascertaining the H&S risk profile of projects at the pre-construction stage. The
risk assessment could also inform pre-construction decision-making regarding CPFs as well as
the prioritisation of risk control measures. In this light, CRIMT could be a useful resource
especially to project participants who may have limited experience in managing the H&S risk
posed by certain features of construction projects.

Conclusions

Ascertaining the H&S risk profile of a construction project can be difficult especially at the pre-
construction stage of a project due to the often limited information available at that stage. It may
also be difficult for some project participants if they have limited experience of delivering some
kind of projects. However, based on some attributes of projects which_emanate from pre-
construction decisions and also influence accident occurrence, it can be ‘possible to gauge the
H&S risk profile of a project at the preconstruction stage. In this chapter, the degree of H&S
risks associated with construction project features (CPFs) (e.g. nature of project, method of
construction, project duration, level of construction, subcontracting, design complexity, site
restriction and procurement system) have been evaluated:using a semi-quantitative risk
evaluation technique and an adapted mathematical H&S risk-expression.:Quantitative inputs for
the expression were partly provided by the results of a questionnaire survey. The risk evaluation
shows that the CPFs are generally associated with high risk or medium risk, implying that they
are generally associated with a high likelihood of accident occurrence or a medium likelihood of
accident occurrence. Whereas with medium risk CPFs:some risk control measures will suffice
in mitigating risk, with high risk CPFs substantial measures are required. These findings have
implications for pre-construction decision making regarding CPFs and also the prioritisation of
risk control measures. CRIMT, a simple H&S risk assessment tool developed from the
evaluation, could be a useful resource to pre-construction project participants in ascertaining the
H&S risk profile of a construction project based on its applicable/relevant features in order to
guide the introduction of appropriate H&S risk control measures. Construction accident
causation being a complex phenomenon can however involve inter-causal relationships (see
Chapter - A Model of EHow“keatures of Construction Projects Influence the Occurrence of
Accidents on Projects) amongst causal factors which could affect the H&S risk associated with
a CPF. As a limitation of CRiMT, the potential effect of inter-causal relationships on the H&S
risk associated with a CPF is:not taken into account. Also beyond the CPFs that were investigated
in this chapter, there may be other features of project (determined by pre-construction decisions)
that also have an accident causal role. The CPFs included in CRIMT are therefore not exhaustive.
CRIMT should therefore not be viewed as a static tool, but rather as a dynamic tool for which
subsequent versions incorporating new insights can be developed.
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