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Abstract:

Green and sustainable approaches to constructing, operating, and maintaining buildings are on
the increase worldwide. Green rating systems such as the US Green Building Council (USGBC)
Leadership in Energy and Environmental Design (LEED) play an important role in encouraging
and evaluating these practices. A strong case can be made that a truly comprehensive perspective
on sustainability must include occupational safety and health and there are opportunities to
promote worker safety and health as a fundamental dimension of true sustainability.
Incorporating safety and health into green rating systems is an important step for moving toward
this goal.

The National Institute for Occupational Safety and Health (NIOSH) Office of Construction
Safety and Health, working with industry stakeholders as part of our National Occupational
Research Agenda (NORA) process, identified integration of safety and health into green
construction as a priority activity area for 2011. NIOSH representatives met with senior USGBC
leadership to discuss collaboration and performed outreach to other interested agencies. A
NORA Coordinating Committee was formed to facilitate researcher and industry involvement. A
two-fold strategy was developed to integrate safety and health into the USGBC LEED rating
system.

Current LEED credits include a number of activities that could increase construction worker
exposure to hazards. For example, credits for daylighting and vegetative roofs can increase
exposures to fall hazards. The presentation describes the rationale for integrating safety and
health into green and sustainable construction. It provides examples of existing green credits that
could potentially reduce or add to hazards for construction and maintenance workers. It provides
specific examples of “enhanced” credits that address safety and health along with examples of
new types of credits for best practice safety and health performance. Lastly, the presentation
describes an overall strategy for bringing about change in green rating systems.
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Abstract

This paper investigates the level of contractors’ compliance to construction Health and
Safety legislation requirements within the South African construction industry. The
paper critically examines whether the contractors comply with construction Health and
Safety Legislation requirements in South Africa and also whether location of site,
building type, project value and attitudinal disposition of the site manager/agent has any
influence on the level of compliance to Health and Safety legislation on construction
sites. The rational for the investigation stems from arguments by building associations
that there are shortcomings in the adherence by construction companies registered by
the building associations to the requirements of the Health and Safety legislation in
South Africa. The paper reveals the key areas in the construction Health and Safety
legislation requirements in which contractors’ have complied and discusses the probable
reasons for compliance/non-compliance by contractors to Health and Safety legislation
requirements on construction sites. It proposes measures that should be used by building
associations to engender total compliance to Health and Safety legislation requirements
by their contracting members on construction sites in South Africa.

Keywords: Compliance, Contractors, Health and Safety, Legislation Requirements
and Master Builder South Africa (MBSA)

l. Introduction

Ally and Esau (2010) stated that compliance is considered to be the practice of abiding
with applicable rules and standards. In practice, it describes a situation where the critical
mass of the members of a community adheres to those rules and standards. Compliance
according to Ally and Esau (2010) therefore signifies acceptance of the constitutional
paradigm to the extent that it is embodied in the legislation.

Construction has a poor safety record in South Africa and as a result of this, the Health
and Safety in the South African construction industry has been the focus of attention of
many industry stakeholders and role players (Smallwood, et al 2009). However, even
though many industry associations, contracting organizations, professional bodies and
the government have made significant efforts to improve Health and Safety through the
enactment, enforcement and compliance with legislation such as the Occupational
Health and Safety Act (OHSA) 1993, within the construction industry, the overall
construction Health and Safety record is not improving significantly. Instead according
to Smallwood et al (2009), the construction industry continues to contribute a
disproportionate number of fatalities and injuries to National accident statistics as
shown in Figure 1.
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Figure 1. Construction Health and Safety Accidents over a 4-Year Period in South Africa
Source: Smallwood et al (2009)

Compared to other industries, construction has the third highest death rate (Goldenhar,
2002) and there is documented evidence that construction work is one of the most
dangerous occupations to engage in (United States Bureau of Labour Statistics (BLS),
2002). According to Smallwood and Haupt (2008), one of the possible ways by which
the number of injuries and fatalities on the construction sites in South Africa can be
reduced is through better control and compliance to the Health and Safety Legislation.
Smallwood et al (2009) however reported a high level of non-compliance by
construction contractors to the requirements of OHSA, 1993 and the Construction
Regulations (CR) 2003 in South Africa.

In investigating the level of contractors’ compliance to construction health and safety
requirements in South Africa, the paper will first of all review the health and safety
legislation available in the South African construction industry. Secondly, the paper will
identify the health and safety requirements embodied within the health and safety
legislation and standard methods used in measuring compliance. Thirdly, the paper will
present the results of physical inspection carried out on selected construction sites by
Master Builder South Africa (MBSA) auditors, using a 19-point evaluation tool in
assessing the level of compliance by construction companies to health and safety
requirements. Fourthly, the paper will present results of the analysis of data collected,
detailing the critical areas in which there are adherence/compliance to health and safety
requirements and the effect of site location, building type, project value and attitudinal
disposition/commitment of the site manager/agent on the level of compliance to Health
and Safety requirements. Finally the paper discusses the probable reasons for
compliance/non-compliance by contractors to health and safety legislation on
construction sites and proposes measures that could be used by stakeholders which
includes the government and building associations to engender total compliance to
health and safety requirements by contractors on construction sites in South Africa.




I1. Review of Health and Safety (H&S) legislation in the South African
construction industry

The primary Acts that are applicable to construction with regard to H&S in SA are
Occupational Health and Safety (OHSA) Act No.85 of 1993 and the Complementary
Compensation for Occupational Injuries and Diseases Act No.130 of 1993 (COID Act)
which replaced the previous machinery and occupational safety Act No.40 of 1989, the
Machinery and Occupational Safety Amendment Act No0.97 of 1991 and the
Construction Regulation (CR) of 2003 under section 43 of the OH&S 1993 Act.
However, this study will focus more on OHSA 1993 and CR 2003 because a significant
number of the H & S requirements assessed on site during inspection are obtained from
these Acts.

The Occupational Health and Safety Act (OHSA) 1993

The OHSA 1993 was produced to provide for the health and safety of people or persons
at work, in connection with the use of plants and machinery, the protection of people
other than persons at work against the hazards to health and safety of or in connection
with the activities of persons at work, to establish an advisory council for Occupational
Health and Safety and to provide for matters connected therewith. OHSA contains many
rules and regulations that protect all workers in different industries however this paper
focuses on the construction industry. OHSA states rules and regulation for both
employers and employees to comply with before, during and on leaving the industry.
Weil (2001) stated that OHSA must be seen as part of the bigger project of building a
society based on the democratic values of human dignity, equality and freedom.

The OHSA 1993 Act is applicable to every work type in South Africa as opposed to the
construction regulation, 2003. It specifies the general duties of the employer of which is
the contractor in this case to their employees.

The Construction Regulation (CR) 2003

Smallwood & Haupt (2005) stated that the CR 2003 was introduced in the construction
industry due to continuing poor construction H&S records. Geminiani & Smallwood
(2008) further elaborate that the CR was produced with the intention to have a set of
legislations specifically directed at and applicable to the construction industry. The CR
2003 acknowledges every individual including clients, designers and quantity surveyors
of their responsibilities with regard to OHS in the construction Industry. Clients are
required to — inter alia- provide the principal contractor with the Health and Safety
specification and ensure that the principal contractor have made adequate allowance for
Health and Safety. Designers are required to —inter alia — provide the client with all
relevant information about the design, which will affect the pricing of the works, inform
the contractor of any known or anticipated dangers or hazards, provide the contractor
with a geo-science technical report, and the methods and sequence of construction, and
modify design where dangerous procedures would be necessary, or substitute hazardous
materials (ibid cited in Smallwood & Haupt, 2007).

According to Smallwood et al (2009), the manifestations of the impact of CR 2003 are
wide spread and it can be inferred that CR had a positive impact on reducing the
construction health and safety accidents in the industry. In particular, it has increased



H&S awareness and increased consideration by project managers and general managers
and general contractors. However findings by Smallwood & Haupt (2006) indicate that
there has not been an increase in consideration for H&S by designers and Quantity
Surveyors and only a marginal increase by subcontractors. Agumba & Haupt (2009)
opined that Occupational Health and Safety should not be driven by a legal framework
however should be seen as a value.

The intention of the CR is good despite various problems that have been pointed out.
However, according to Smallwood et al (2009), legislation is just a handy guide in
prescribing minimum rules and regulations, but management skill are required to bring
a healthy and safe workplace to realization. Occupational health and safety is not only a
programme that calls for integration at various phases and stages of a project but it also
is a process, which requires continual improvements.

The CR 2003 stipulates the principal contractor’s duties as applicable to the contractors
that are appointed as principal contractors for the main construction works and whereby
they have sub-contractors doing some of the other construction works/trades for them
under the same construction site.

e Emphasis on the identification of construction hazards and the assessment of
risks to eliminate, avoid or at the very least reduce perceived risks.

I11. Data and Methods

The appointed Master Builder South Africa (MBSA) auditor audited fifty-five sites over
a period of four months in 2010. The sites were predominantly located in the Cape
Town Metropolitan area. However, there were some sites that were situated in the
Boland area, which includes Strand, Somerset West, Paarl and Stellenbosch. The types
of site audited ranged from high value homes, mass medium housing, shopping centres
and hotels to Institutional and civil engineering projects. Members of the MBSA
Western Cape, South Africa were managing all these sites.

Compliance to OHSA 1993 and CR 2003 on the construction sites audited was
measured by the use of the Master Builders South Africa (MBSA) Audit System, which
is compiled using the requirements stated in both Acts. It should be noted that while the
MBSA aims to establish what are the shortcomings in the H&S programmes of its
members, compliance assessment carried out by Department of Labour (DOL) is
statutorily required for enforcement of H&S legislation on construction sites.

The construction companies are said to be compliant with both the OHSA 1993 and CR
2003 when all the requirements starting from the documentations signage on site, H&S
plan, Personal Protective Equipments (PPE), etc as stated in law are in place. If a
company is found not to have some of the requirements in place, they are registered as
being non-complaint.



Statistics and Measurement

In analyzing the site inspection data provided by the MBSA, the paper seeks to
understand the nature of compliance to H & S requirements within the South African
construction industry by: -
I. finding out the H & S requirements that is the most/least complied with;
ii. finding out if there is any relationship between the level of compliance to H
& S requirements achieved on site and the location of the site, the building
type, the value of the project and the attitude of the site manager. This is
shown schematically in Fig. 2.
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Fig. 2 Schematic Model of Propositions to be tested

The principal method used in analyzing the data provided by the MBSA is the chi-
square (x°) because it is a test of association between two sets of data that is nominal or
ordinal (Naoum, 2007).

The location of the site was measured by identifying the site as either a rural, semi-rural
or urban area. The building/facility type was identified using the classification and
designation of occupancies available in the National Building Regulations. The project
values were also grouped into classes based on the value of work categories found in the
MBSA work classification as less than R5m, R5m to <R20m, R20m to < R50m, R50m
to < R120m, R120m to < R200m, R200m to < R500m and above R500m. To measure
the site manager’s attitude, his level of commitment towards and job involvement in the
implementation of Health and Safety requirements was observed during the survey. He
was then scored as being either committed, low or no commitment.

The MBSA audit system which, looks at 19 different elements of H&S requirements as
listed in Table 1 was used in measuring the level of compliance to health and safety
requirements on site. This audit tool is used to score the level of compliance on site to
the requirements audited using percentages.

IV. Results and Discussion
Table 1 presents the average scores achieved in percentages by all the sites audited in

the Western Cape by the MBSA audit team in 2010, for each of the listed Health &
Safety requirements.



Table 1 MBSA H&S Requirements and Points Achievable

S/No Health and Safety Requirements Points Achievable % of Total
1 Material Hoist 44 100%
2 Cranes 166 99.9%
3 Emergency/Fire Prevention and Protection 92 97.0%
4 Transport & Material Handling 48 96.2%
5 Tools 50 95.7%
6 Education, Training & Promotion 52 95.0%
7 Administrative and Legal 316 93.6%
8 Public Safety & Emergency Preparedness 54 93.2%
9 Plant & Storage Yards/Site Workshops Specifics 88 93.0%
10 Workplace, Environment, Health & Hygiene 52 92.4%
11 Demolition 44 92.3%
12 Electrical Safeguarding 64 91.4%
13 Housekeeping 98 91.2%
14 Fall Protection 44 91.2%
15 Site Plant & Machinery 98 91.1%
16 Ladders 32 90.9%
17 Scaffolding, Formwork and Support 366 87.6%
18 Personal Protective Equipment and Clothing 102 87.1%
19 Excavation 30 74.5%
Totals 1840 92.3%

Source: MBSA Western Cape Audit System (2010)

Table 1 reveals that when scores for all the sites audited are averaged and distributed by
compliance to the 19 Health & Safety requirements, 95 % and above level of
compliance was obtained in the following areas - material hoist, cranes, emergency/fire
prevention and protection, transport and material handling, tools and education, training
and promotion, listed in order of magnitude. The least compliance to Health & Safety
requirements is seen in the area of excavation.

This data clearly suggests that accidents on site will not be attributable to the use of
plant and other equipment but will be most attributable to the negligence of the
contractor during excavation work, not providing personal protective equipment and
clothing and inadequate scaffolding, formwork and support. The record of the auditor
with respect to excavations noted that “ the competence of the appointees is
questionable, the law requires that the person appointed have knowledge of the soil
conditions and in many cases, this very important knowledge is lacking” (Bester, 2010).
The auditor observed that the area of lifting equipment is one area of construction that is
fairly well managed probably due to the high cost of replacing equipment, the high risk
of accidents and the subsequent damage to equipment.

Distribution of Contractors’ Site/Facility audited by Level of Compliance

Table 2 presents the distribution of the contractors’ site/facility audited by the level of
compliance.

Table 2 Distribution of Site/Facility audited by Percentage Compliance to H & S Requirements

Final Compliance Score as Percentage of total points Frequency Percentage
achievable

Above 95% 14 25.5
90% - 95% 19 34.5
85% - 90% 13 23.6
80% - 85% 4 7.3
Below 80% 5 9.1



Total 55 100

Table 2 reveals that only 25.5% of the sites audited were able to attain a final H & S
compliance score of above 95%. In an ideal situation, 100% compliance to requirements
is what the law requires. Giving an allowance of + 5%, implies that only 25.5% made
the mark while an allowance of + 10% will mean that 60% of the audited sites could be
said to have complied with the H & S requirements.

Test of the Relationship between the Level of Compliance to H & S Requirements
achieved on Site and other Study Variables

The % test result for the relationship between the level of compliance to H & S
requirements achieved on site and the location of the site, the building type, the value of
the project and the attitude of the site manager is presented in Table 3.

Table 3. y? test result for the Relationship between Level of Compliance to H & S Requirements
and other Study Variables

Variable Value df Asymp. Significance Remarks
(2-sided)
Location 12.551 8 0.128 Not Significant
Building Type 51.073 32 0.018 Significant
Value of the Project 31.244 24 0.147 Not Significant
Attitude of the Site Manager 31.755 8 0.000 Significant

df = degree of freedom

Table 3 shows that the building type and the attitude of the site manager have a
significant relationship with the level of compliance to statutory Health & Safety
requirements on the construction sites audited. While, the location of the site and the
value of the projects were not significant statistically with compliance levels.

From these results therefore, one can conclude that there is a significant relationship in
the level of compliance to Health & Safety requirements between sites audited based on
the type of building/project being constructed and the attitude of the site manager/agent.
The paper shall discuss further, the implications of these findings to compliance with
Health & Safety requirements and accidents on site.

Location. It was presupposed by the author that the farther a site is from the
enforcement agencies and municipalities, the likely the site would be found to be non-
compliant with requirements. However, the results of the ? tests suggest the contrary.
This might be due to the fact that there were only five sites audited in the areas
classified as rural and semi-rural and 45 sites were audited in urban areas. The results in
this case can be held as inconclusive until sufficient data is obtained.

Building/Site Type. The analyzed data obtained from the MBSA Health and Safety
audit indicates that there is a relationship between the building type and level of
compliance to Health and Safety Requirements. High compliance to Health and Safety
requirements was found in high value homes, manufacturing facilities and plant/storage
yards. The data analyzed suggests that the higher the attention to details is required as is
the case with high value homes and the more the knowledge of clients such as those
found in the manufacturing industry is attuned to the requirements of health and safety,
the higher would be the compliance by the contractors engaged to the legislative
requirements.



Project Value. There was no significant relationship between the value of work done
and the level of compliance to Health and Safety requirements. This might be due partly
to the fact that the value of 21 out of the 55 sites/facilities audited could not be
ascertained. It is probable that if sufficient information is obtained, it might reveal
relationships between project values and level of compliance to Health and Safety
legislative requirements.

Site Manager’s Attitude. According to Smallwood et al (2009), minimum rules and
regulations can be prescribed but, if management skills are not geared towards the
realization of health and safety on site, then, there will be no compliance to regulatory
requirements. The results of the MBSA audited scores analyzed is consistent with this
assertion because the statistical test reveals that the attitude of the site manager in terms
of his level of commitment which is based on his involvement in the implementation of
Health and Safety requirements, does have a statistically significant effect on the level
of compliance of the site he manages to Health and Safety requirements.

Furthermore, the data reveals that of the 28 managers that showed commitment to
Health and Safety requirements, only three had sites that recorded less than 90% level
of compliance. Whilst the 24 site managers with perceived low commitment recorded
above 90% level of compliance in eight sites and less than 90% level of compliance in
16 sites. The implication of this finding is that the attitude of the site manager in terms
of level of commitment towards the realization of Health and Safety requirements on
site is crucial to levels of compliance achieved on sites.

V. Conclusions

It can be concluded therefore that the probable reasons for compliance/non-compliance
by contractors to Health and Safety legislative requirements on construction sites in
South Africa can be attributed to the building/site type and the attitude of the site
manager. The data obtained from the audit carried out by the MBSA in the Western
Cape Province of South Africa suggests a significant relationship between the
building/site type and the attitude of the site manager, to the level of compliance to
Health and Safety legislative requirements on site.

Thus, the data analyzed suggests that compliance to Health and Safety legislative
requirements is a combination of the building site type and the attitude of the site
manager. The study indicates that sites of projects developed for manufacturers who are
quite knowledgeable about Health and Safety legislative requirements and sites in
which there would be use of heavy machinery would have high levels of compliance to
Health and Safety requirements and also that sites manned by uncommitted
managers/agents would record low levels of compliance.

Not all the hypotheses tested were however supported. Contrary to expectations, the
location of the site and the value of the project had no significant effect on the level of
compliance to Health and Safety requirements. Admittedly, these results are tentative
and discussions made are speculative because data analyzed were insufficient to arrive
at conclusive decisions about the effect of some of the variables such as location and
value of the projects, which were tested. However, if the results are valid, they suggest



an association between the level of compliance to Health and Safety legislative
requirements on sites and the building/site type, and site managers’ attitude, which
provides an intriguing avenue for future research.

Finally the results of the data investigated also indicates that to improve the level of
compliance to Health and Safety legislative requirements on construction sites, thereby
reducing fatalities and injuries attributable to the construction industry, site managers’
attitudes must be evaluated and only site managers with the requisite skills, capacities
and flair should be recruited for the job.
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Constructive Ageing: A Survey of Workers in the
Construction Industry

Abstract

The age demographic of the workforce is increasing across Europe (Griffiths 1997,
Morschh&user, Sochert 2006, llmarinen 2006) and the World (Ross 2010). It is important to
investigate the effects of workplace design on healthy ageing. To facilitate this, a
questionnaire survey (n=106) was used to identify workplace opportunities and barriers to
working later into life at a major UK construction company as part of a larger cross-industry
study (n=815?). At this company ~33% (n=29) of respondents were aged >50. The survey
investigated the impacts of workplace equipment and environments on people’s ability to
perform job tasks in relation to age. Participants were asked to respond to statements and
questions about; musculoskeletal symptoms, work ability, their work environment,
equipment, activities and personal attitudes and experiences towards ageing in the workplace.
The survey findings were triangulated by interviewing a sample of workers. At this company,
musculoskeletal symptoms peaked for period prevalence in the lower back 44% (n=42),
followed by the knees 33% (n=32). Point prevalence of reported musculoskeletal symptoms
was highest in the knees, 24% (n=23). Several respondents also directly attributed the
symptoms to work tasks. The equipment regularly used to perform job tasks included;
computers, furniture, PPE as well as many hand tools. Workplace equipment to perform job
tasks, the environment and work activities, can impact on musculoskeletal symptoms
experienced by respondents.

Keywords: Construction, Survey, Ageing, Design, Health

1. Introduction

Workplaces can have a major influence on a person’s health, when coupled with an ageing
demographic it is important to not just act on existing health issues but to prevent
reoccurrence or indeed the onset of work related ill health on existing and new employees.
The workplace environment and equipment (WEE) used to perform job tasks need to meet
the requirement of needs of the workforce thought their life course (Winn 2000, Moyers,
Coleman 2004). It is hoped that by employing user-centred design methods, WEE can reflect
the needs and aspirations of the users by learning from and working with expert users to
investigate prevention of injury and illness as people age at work. The research team
recognises the particular challenges of workplace design in the construction industry where
the workface environment is continually changing (Gibb et al, 2006). This may be why so
little serious work has been done in this area in construction.

The New Dynamics of Ageing (NDA) research programme® investigates the effects of “older
ageing”. The authors’ “Working Late” ageing productively through design project forms part

! The New Dynamics of Ageing (NDA) research programme is funded by the ESRC, BBSRC, AHRC, EPSRC
and MRC. This project forms part of a Collaborative research project which investigates the effects of ageing
whist working later into life and for this projects how design solutions can facilitate, promote and improve the
quality of life for older workers (NDA 2010).



of the NDA research programme and has been designed to address work-related healthy
ageing. The output of this research will be web based resource; Organiser for Working Late
(OWL). It is important to investigate and understand the impacts of WEE design on working
populations, including potential injuries and work related ill health. To do this, a large
questionnaire survey was conducted across the main UK industries the results from one of the
participating companies, a large construction firm, are presented and discussed in this paper.

Three construction sites managed by this company were involved in this study. Employees
demonstrated that they use many different pieces of equipment in multiple and changeable
work environments. Some of these are potentially hazardous and can affect health at work
and, as such, great care is taken by the company in relation to worker safety.

2. Methods

Construction work involves a large cross-section of different workers and skill sets, the jobs
these workers perform also vary depending on their job tasks and WEE. Therefore it was
important that the sampling process encouraged participation from people working in a broad
cross-section of jobs within the company, this included both the office and site based
employees as well as people who were involved in traditional construction type work as well
as sedentary work. The number of workers at each of the three sites varied depending on the
stage of construction. Each site was within an enclosed compound, had portable cabin offices
and an active building site. The total workforce for all three sites, at the time of the
questionnaire survey, was ~400 people including subcontractors and office staff.

The questionnaire survey was developed and piloted. The Loughborough University Ethical
Committee guidance checklist (Loughborough University 2004) was used to evaluate any
ethical considerations. Companies were then invited to participate in the research. Meetings
were set up where it was discussed how best to encourage participation from employees. For
this company, a paper version was made available to staff not on the work email system, this
was distributed by the researcher on accompanied site visits. The questionnaire surveys were
handed out to employees and then either returned directly to the researcher or in sealed
envelopes to an administrator who then forwarded them onto the researchers at
Loughborough. An electronic copy was made available through a link in the email (Williams
et al. 2010) this was sent to employees with a company email address. The site visits also
provided the researcher with the opportunity to meet senior health, safety and environment
advisors and gain their support as well as to meet with employees and answer any immediate
questions they had about the research, this combination was felt to help increase the response
rate.

Participants were asked to respond to six different sections in the self completed
questionnaires as presented by Williams et al (2011); about your employer & your
employment status, about the environment in which you work today, doing your job, job
demands, you & your work and about you. As a way of thanking respondents for their time
participating in the study, their names were put into a prize draw.

The results in this paper are based on the responses received; therefore they only provide an
overview of the employees working at these three sites of this company and not individual
worker populations.



3. Results

A total of 106 surveys from this company were received by the research team (70 were paper
based and 36 electronic). The response rate was believed to be ~26% (n=106) of the working
population of all three sites (n=~400). Questionnaire surveys were removed from the final
data set where respondents did not indicate their year of birth, gender or did not respond to
any part of the NMQ. This left a sample size of 96 respondents. Table 1 provides some basic
descriptive statistics from this sample;

Table 1. Descriptive statistics

Descriptive n Mean
Gender 96 87.5% Male 12.5% female

Age 96 70% <49 years 30% >50 years 41.5 years
k)ing:ga?]];;;??snworking 92  62%<11.9 years 38% >12 years %ég ﬁa{)s
jLoebn?cEreOf time in current 93  66% <9.2 years 34% >9.3 years (%éﬁeoé%
Hours worked per week 95  98% >35-hours 41% > 44-hours ?g[?%uarj
Body Mass Index (BMI) 91 e (:rlgrfgrﬁsaB 2 (oveZviZ?gﬁt/zc?bese) (Si)7.42.2)

In order to understand the needs of any given population it is important to understand more
than just the physical demands placed upon them. To aid this, participants were asked to
respond to several statements and questions throughout the questionnaire survey in relation to
their thoughts and perceptions of their work ability and ageing as well as how they felt their
WEE affected their ability to work. To explore the needs of the workforce that participated in
this study, it was important to understand their attitudes towards their jobs and age.
Participants were asked to indicate their responses to 13 statements, with each statement
based on a five point scale ranging from; strongly agree to strongly disagree (see Williams et
al. 2011). To establish if a trend was present, responses were grouped as either being; positive
“strongly agree and agree”, or negative “disagree and strongly disagree”, and were then
analysed by age groups; people aged <49 (n=67) and >50 (n=29). Five of the 13 statements
(Table 2) showed that there was a statistically significant difference (p<0.05) in the responses
from both groups, based upon two-tailed independent samples t-test.

Table 2. The five work related statements which showed statistically significant (p<0.05)
differences according to age group; <49 and >50

p-value; Age groups Greater level

<49 and >50 of positive
Statement Statistical difference agreement
| feel my age has made me less physically active
at work than | used to be Yes (0.002) 230
| feel more tired now due to my job then | did Yes (0.008) 50

when | was younger

| find learning new skills, and technologies more Yes (0.000) >50




difficult now than when | was younger

My productivity and capacity to do my job has

declined as | have got older Yes (0.005) >50

| feel that | am not as capable as | was when |

: .. Yes (0.000) >50
was younger at learning or retraining

People aged >50 were in stronger agreement (>p<0.01) with these five statements. This
suggests that people view older age as being a negative barrier to work ability, this notion is
supported by findings from another case study which looked at heavy manufacturing at a
cement works (Williams et al. 2011). The statement asking participants to reflect on their age
and the reduction of the manual labour requirements of their job showed a greater level of
agreement for people aged >50.

The Work Ability Index (WAI) (Tuomi et al. 2006, llmarinen 2007) used for this study has
been used in similar case study company results (Williams et al. 2011). The WAI ‘best to
current’ scores were high, with a mean of 8.8 (SD 1.3). High score were also achieved for the
WA physical ability score of 1.5 (SD 0.6) and WAI mental ability score of 1.5 (SD 0.7) to
do their jobs.

Respondents were also asked to list five of the main pieces of equipment used when
performing their work duties this was an open ended question. The researchers later
categorized the equipment to aid with identifying work tasks and job types for data analysis.
The items were categorized (Table 3) based on the names of the equipment and the
understanding of this equipment. The largest category was “work tools and equipment” with
33% (n=151) of all items mentioned (n=456) belonging in this group.

Table 3. Respondents were asked to describe the equipment they use to perform the main
duties of their job. This has been divided into 9 main categories (n=659);

Category Example of equipment Freg;(;ncy
Communications Mobile and fixed phones, two-way radio 31 7
Furniture Chairs, desks 50 11
Hazards Chemicals 3 1
IT Desktop and laptop computers, VDUs 58 13
Wo_rk toals and Screwdrivers, shovels, photocopiers, water lance 151 33
equipment

PPE Boots, glasses, hardhats, high-visibility jackets 88 19
Stationary Calculator, pen, paper 24 5
Vehicles Car, forklift, mobile plant 38 8
Other/ unknown 13 3

50% (n=76) of the ‘work tools and equipment’ (n=151) mentioned were identified as ‘hand-
tools’, which included items such as; hammers, spirit-levels and trowels, some people
mentioned using more than one of item of “tools and equipment” to perform their job task.
The remaining 'tools and equipment’ were made up of larger items such as; shovels , and
lifting equipment, such as sack trucks, as well as office items such as photocopiers. Figure 1
also shows that 25 people who indicated using items from the “work tools and equipment”
category also used PPE. There was no significance in this relationship when Pearson Chi-
Square and Cramer’s V tests were run. However, there was a statistically significant



relationship where p<0.000 for the Pearson Chi-Square and Cramer’s V between people who
indicated using “IT” equipment and “furniture”.

Fig 1. Item categorisation by participant

COMMS TOOLS & EQUIPMENT PPE STATIONARY YEHICLE OTHER

It is also important to understand people’s interaction with their WEE. Respondents were
asked to indicate the frequency they perform different activities on a scale of “often,
sometimes, rarely or never” for sitting, standing or lifting heavy equipment. 12.5% (n=12) of
participants performed all three activities frequently. This would suggest these respondents
were often active at work. 63% (n=60) of respondents indicated they were “often or
sometimes” lifting or handling heavy equipment, this would seem representative of the
worker sample at the construction company. 8% (n=6) of respondents said that they “rarely”
sat at work and 6% (n=6) indicated that they never sat at work.

The environment that people work in was also important to consider, and respondents
indicated that they generally were working “inside a building or enclosed structure”.
However, almost the same amount of people, 45% (n=43), also described working
“outdoors/no shelter” at some point during that day (Table 3).

When investigating WEE design there were also other, less tangible, influences on work
ability. Included were statements relating to; temperature, lighting, noise, air quality,
exposure to harmful substances and the effect other people had on individuals and their work
ability (Huizenga et al. 2006, Smith, Wellens 2007). When asked about lighting at work, the
majority (88% n=82) agreed that they were provided with sufficient lighting in their work
area to enable them to do their jobs and move around safely. 79% (n=70) agreed that they
would be provided with local lighting, if asked for.




Many of the items of “tools and equipment” spoken about in the interviews produce noise,
which can be intermittent noise made by hammers through to continuous noise produced by
electric drills and saws. 51% (n=48) of respondents said that they worked in an environment
where the background noise disturbed their concentration and a significant proportion (16%
n=15), agreed that their work tasks left them with ringing in their ears or a temporary feeling
of deafness. The majority of respondents (54% n=51) also indicated that their job exposed
them to breathing fumes, dust or other potentially harmful substances. Due to the nature of
work performed within the construction industry and specifically work performed on site it
was not unexpected that respondents indicated working in areas where they felt there were
increased noise and lower air quality than in other industrial sectors. On the building site the
construction requires the use of concrete, cement and mortar, which contain potentially
harmful substances, to fabricate the buildings 28% (n=27) of participants said that they “often
or sometimes” were required to handle or touch potentially harmful substances or materials.
This construction company has a ‘gloves on’ policy on site and provides different gloves to
workers depending on their tasks. The gloves are intended to prevent minor cuts and
scratches as well as to protect workers” hands from chemical contact.

The NMQ, used in this study, has been similarly employed to assess the prevalence of self
reported musculoskeletal ‘troubles’ in other research (Gyi, Porter 1998 Williams et al. 2011).
Musculoskeletal ‘troubles’ are referred to in this paper as ‘symptoms’ and have been defined
as; aches, pain, discomfort, numbness or tingling (Kuorinka et al. 1987). Musculoskeletal
symptoms are reported in all nine of the body areas identified in the NMQ (Table 4). The
severity of the effect of the symptoms was also consistent for most of the body areas. The
lower back had the highest frequency for period (the last 12 months) (44% n=42) and knees
for point (the last seven days) (24% n=23) prevalence of MSD symptoms. Period prevalence
data was 33% (n=32) for the knees, 29% (n=28) for ankles and feet and for both the neck and
the wrists it was 28% (n=27). When asked if they felt their symptoms were actively related to
their work, again there was a high response rate for all nine body areas, apart from elbows,
attributing the disorder to their job demands. Identifying these symptoms can also facilitate
understanding their causes and thus lead to more successful prevention of injury and illness
developed through them.

Table 4. Reported musculoskeletal symptoms for period and point prevalence, impact of
symptoms on normal activities and attribution to work activities (n=96)

Body Area Period Point Severity ? Is this trouble

prevalence prevalence (12 months) actively related

(12 months) (7 days) to your work?
% (n) % (n) % (n) % (n)
Neck 28 (27) 10 (10) 7 (7) 16 (15)
Shoulders 26 (25) 11 (11) 6 (6) 18 (17)
Elbows 18 (17) 7 (7) 0 (0) 0 (0)
Wrists/hands 28 (27) 17 (16) 7 (7) 17 (16)
Middle back 22 (21) 10 (10) 6 (6) 19 (18)
Lower back 44 (42) 21 (20) 17 (16) 31 (30)
Hips/thighs or buttocks 19 (18) 13 (12) 5 (5) 11 (11)
Knees 33 (32) 24 (23) 7 (7) 15 (14)
Ankles/feet 29 (28) 18 (17) 10 (10) 21 (20)

Reported impact on normal activities



4, Discussion

When considering ageing in the workplace it is important to understand what the workplace
is made up of. For construction workers, the workplace is a fast changing environment (Gibb
et al, 2006) for several reasons this can be due to the weather or indeed that the building
project is progressing so the physical work environment has to change rapidly to
accommodate this. Also the length of time people have been working at a company might
have an effect on their work environment as different companies can work to different
guidelines. Generally, at this construction company, people had worked for the company
longer than they had been in their current job roles.

66% (n=63) indicated that they had experienced some form of musculoskeletal symptom in
the last 12 months. Of these, 70% (n=19) had also experienced symptoms in the same body
areas in the past seven days. The area of the body with the highest period prevalence was the
lower back 44% (n=42) this is the same result as for people involved in heavy manufacturing
work (Williams et al. 2011)). The NMQ was not used to act as clinical diagnosis of the
working population, but to provide an overview of the workers self-reported symptoms in
relation to their WEE design (Kuorinka et al. 1987, Williams et al. 2011).

On most UK construction sites certain PPE must be worn by all workers and visitors who
wish to go out ‘on site’. In the UK there is some variety in the different items that are
required, with head protection being the most likely and gloves or light eye protection being
the least likely. It can be seen in Figure 1 that of the 48% (n=45) of people who indicated
wearing PPE, 55% (n=25) also indicated using an item from the “tools and equipment.
During the site visits it was clear, on all occasions, that all persons “on site” were wearing
PPE, this included a minimum of; helmets, jackets and safety boots. However, for the
questionnaire survey, not all people who would be expected to use PPE mentioned it as part
of their five pieces of equipment used to perform job tasks. During interviews it was noted
that PPE was worn when performing job tasks but it was not reported as being an item used
to perform and complete job tasks in the way other items were, such as trowels or
screwdrivers. Considering all of the reported items of “tools and equipment”, (n=151) only
5% could be directly attributed to office equipment the remainder appeared to be items that
would commonly be used for the construction of buildings.

The use of these items might be contributing factors to the musculoskeletal symptoms
experienced by workers at this company. Many interview participants indicated travelling on
site by foot, climbing up temporary, mobile and fixed stairwells, as well as working in
confined spaces, all of these activities can have an effect on the lower back. However, many
respondents of the questionnaire also indicated that they “often or sometimes” were involved
in the lifting or carrying of heavy equipment.

There is evidence in the literature that a perception of ageing is that as a person gets older
their ability, mental and physical, reduces (Buckle et al. 2007). This perception of ageing was
reflected in the five work related statements which shows a statistically significant difference
between age groups (p<0.05), people aged >50 were in stronger agreement (>p<0.01).
Similar findings to this were evident in a case study company involving heavy manufacturing
(Williams et al. 2011). During the interviews participants indicated that they felt some job
tasks would get harder to do as they got older, these were generally concerns with the
physical side of their jobs, especially the moving around on site between locations. Weather



was also said to affect their ability to work and was said to contribute to increased awareness
of musculoskeletal symptoms.

Unfortunately, one of the limitations of the research in this paper was the sample size of 96
respondents. The results presented and discussed in this paper are only concerned with one
construction company therefore there are limitations in the ability to transfer the results to
other working populations. However, a previous case study of cement workers has provided
some parallel in the results. These workers were involved in heavy manufacture and future
research might look in more detail to investigate more similarities between the workers and
the results in greater transferability between the results. Also only ~12.5% (n=12) of the
surveys returned were completed by women, causing a bias towards men, however, this does
represent the working population at this construction site.

5. Conclusion

Age can have effect on people’s perceptions of work ability and it was evidenced that, with
age, respondents thought that work ability reduced. However, there is no evidence to say that
this is indeed the case. However, along with other work (Cook et al, 2010), the study does
suggest that people working in construction are prone to experiencing musculoskeletal
symptoms. These may affect their work ability and some respondents said they felt that their
symptoms were directly as a result of their work. Effects of their workplace environment and
equipment on their symptoms could be due to the ‘nature’ of the job, i.e. working outside in
all weathers. Cold weather was said to increase awareness of musculoskeletal symptoms and
wet working environments were attributed to causing difficult working conditions.

Symptoms were also experienced in the knees, ankles and feet. This could be potentially
attributed to the footfall travel on site as described in the interviews. Many of the respondents
were involved job tasks that involved them “lifting or handling heavy equipment” this too
could have an impact on their musculoskeletal health.

It can be concluded from the results presented in this paper that workplace environment and
equipment can influence work ability within the construction industry. Due to the dynamic
nature of the work it can be difficult to predict the working conditions of employees as there
are many external influences on this, the weather being one and the changing shape of the
building or structure being worked on another. As such, it is essential to inform and educate
people so that they may be empowered to work in ways that best benefit their health and by
doing so reduce the likelihood of injury or ill health through work activities. By employing
user-centred design techniques it is hoped that the most appropriate information can be
provided by and to construction worker cohorts. The other benefit from this research is that if
it is possible to identity good, healthy and practical practice and to disseminate this
knowledge across the industry and amongst other, similar, job rolls then perhaps the young
today will not experience work-related ill heath tomorrow.

This paper presents and discusses the findings from one case study company. Other
companies participating in the research will benefit from the findings drawn from this case
study and this company from the findings from the other case studies. Future studies with all
companies will involve in-depth research capturing user-centred design ideas and solutions to
facilitate healthy working into later life. Due to the sample size it was not possible determine
any statistical difference between persons <50 years or >50 years in relation to



musculoskeletal symptoms, this will be investigated when larger data samples are combined.
The results from this company and the other case study companies will be shared amongst
relevant parties and results will be disseminated to larger audiences where there are there are
overlaps in job types, work tasks as well as internally within own industries.
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Reducing construction accidents using animations in
health and safety trainings

Abstract

The construction industry is one of the most risky sectors for industrial accidents and
occupational illnesses all over the world. Lack of proper training and knowledge about
health and safety issues are some of the main causes of construction accidents. This paper
gives an overview and presents the preliminary stages of an ongoing project which aims to
prepare animations that show construction accidents. These animations can be used as
learning materials in health and safety trainings in construction industries to minimize
accidents. Previous studies have showed that there is a significant relation between health
and safety trainings and accident rates. The majority of health and safety trainings given
to construction workers consist of theoretical trainings. Since the majority of the
construction workers have a low education level, learning the health and safety concepts
with theoretical trainings are quite difficult for these workers. Therefore, the animations
that have the potential to make trainings more attractive and enjoyable, can overcome this
problem. In this project, health and safety trainings with these animations will be given in
construction sites of companies in Turkey. The results of the project will be tested at
these construction sites and the effects of these trainings will be examined.

Keywords: Animations, Cartoons, Construction Accidents, Health and Safety Training.

1. Introduction

The construction industry has been recognized as one of the most hazardous industries
(Carter and Smith, 2001). It has a poor safety record when compared with other
industries. Davies and Tomasin (1990) indicated that the risk of a fatality in the
construction industry is five times more likely than in a manufacturing-based industry.
The number of accidents according to some selected industries in Turkey is illustrated in
Table 2 (Turkish Ministry of Labor and Social Security, 2007). As seen from this table,
the construction industry has the highest number of fatal accidents in Turkey.

The factors causing construction site accidents have been addressed by several
researchers. Toole (2002) listed the main causes of construction accidents as lack of
proper training, deficient enforcement of safety, lack of safety equipment, unsafe
methods or sequencing, unsafe site conditions, not using provided safety equipment, poor
attitude toward safety, and isolated, sudden deviation from prescribed behavior. Previous
researches have showed that the main causes of the fatalities in construction are due to
falls, struck-by incidents, caught in/between incidents and electrocutions. It has been also
indicated that the most significant factor in construction site accidents is the unsafe
behavior (Dester and Blockley, 1995; Sawacha et al., 1999).



Table 1. Number of accidents according to industries in Turkey (2007)

Industry Number of Number of Number of Fatal
Accidents Occupational Accidents
IlInesses

Mining 6589 997 45
Construction 7615 16 359

Food 2438 6 30

Metal Products 17147 61 60
Transportation 4483 13 146
Machinery

Manufacturing 5497 10 19

Construction accidents result in great economic losses. In their study, Everett and Frank
(1996) found that the total costs of accidents lies between 7.9% and 15% of the total costs
of non-residential, new construction. Furthermore, Coble and Hinze (2000) showed that
the average workers’ compensation insurance costs could be estimated approximately
3.5% of the total project costs. Besides causing human tragedy and economic losses,
construction accidents also affect the productivity and reputation of the construction
industry (Kartam, 1997). Some examples are demotivated construction workers, delay of
project progress, training of replacement personnel and equipment damage. In the study
of Arslan and Kivrak (2009), lack of safety training was found as one of the important
factors that can cause construction accidents in Turkey. One of the most important results
of the study of Arslan and Kivrak (2009) was the significant relation between health and
safety trainings and accident rates. Lack of training can be attributed to poor safety and
health management by the companies. Thus, an effective training program implemented
by the companies has a great potential to minimize these accidents.

2. Health and Safety Trainings in Construction

Health and safety training programs can provide several advantages in preventing
possible accidents in construction sites. The importance of safety training for the safety
performance in the construction industry has been addressed by many researchers (Huang
and Hinze, 2003; Aksorn and Hadikusumo, 2008). Effective training of construction
workers can be one of the best ways in improving site safety performance (Hislop, 1991,
Tam et al., 2004). In the study of Zeng et al. (2008), it has been pointed out that some
accidents such as falling from height and hit by falling materials in construction can
easily be prevented by implementing effective training programs. In the same study, it
has also been found that many workers in the Chinese construction industry had received
limited education about safety issues (Zeng et al., 2008). Similarly, in the study of
Dingsdag et al. (2008) construction workers identified training as a necessary element of
safety performance.

Many studies have shown that there is a close relationship between individual safety
behavior and safety performance (Tarrants, 1980; Sawacha et al., 1999). Effective
training of workers can also significantly reduce unsafe behavior. As Fang et al. (2006)
stated, workers with good safety knowledge have a more positive safety climate than
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those with poor safety knowledge. On the other hand, Mohamed (2002) found a
significant relationship between the safety climate and safe work behavior. He stated that
safe work behaviours are consequences of the existing safety climate. Safety climate is ‘a
summary concept describing the employees' beliefs about all the safety issues
(Guldenmund, 2000). Langford et al. (2000) identified the critical factors that influence
the attitudes of construction workers towards safe behavior on construction sites.
According to the results of their study, training of operatives and safety supervisors are
important to safety awareness and improved performance. Moreover, it has also been
found that knowledge and competence influence personal safety performance. They also
stated that companies must maintain and update their workers’ skills and knowledge by
training, skill updates and effective on-site communication (Langford et al., 2000).
Besides minimizing construction accidents, successful training can also minimize project
delays and damage to company image (Findley et al., 2004). On the other hand, lack of
safety training of construction workers has been considered as one of the important
causes of construction accidents (Gervais, 2003).

As mentioned before, construction industry is the most risky sector for industrial
accidents and occupational illnesses all over the world. However, health and safety
culture has not been established yet by many construction companies. Many researchers
demonstrate that, especially in developing countries labor safety applications are
insufficient. In Turkey, most of the construction projects are constructed by small or mid-
size construction companies. In the majority of the firms there is a lack of safety culture.
Moreover, the education level of workers is low and the majority of these workers have
no safety training in the past. All these conditions increase the number of accidents. To
prevent the accidents, labors must be well educated about safety.

As a result, effective safety trainings are critical for improving safety performance in the
construction industry. There is a significant relation between health and safety trainings
and accident rates. However, the majority of health and safety trainings given to
construction workers consist of theoretical trainings. Since the majority of the
construction workers have a low education level, learning the health and safety concepts
with theoretical trainings are quite difficult for these workers. Using animations in health
and safety trainings can be an effective method to overcome this problem and improve
the safety performance in this industry.

3. Health and Safety Trainings Using Animations

In this part, an overview and the preliminary stages of the ongoing project which aims to
prepare animations that show construction accidents are presented. These animations can
be used as learning materials in health and safety trainings in construction industries to
improve the trainings and therefore minimize accidents.

In the first step of the project, the current conditions of health and safety in construction
industry in Turkey will be examined. The main causes of accidents, yearly accident
statistics and the most frequently happened accidents in construction industry in Turkey
will be determined using the statistical data from the Turkish Statistical Institute. The



findings from the first step will be a basis for the second stage which is related about
creating real accident scenarios.

The second stage of the project consists of the preparation of accident scenarios. The
scenarios will be grouped according to their frequency as; the most frequently, frequently
and rarely occurring accidents. Moreover they will also be grouped according to their
severity as; fatal, severe injury, and minor injury accidents. These groupings will be
based on the data that will be obtained in the first stage. The main aim of this stage is to
prepare effective scenarios that will be the references for the animations. The basis for
the animations will be constructed in this work package. In the scenarios, the definition of
construction accidents, their frequency, place, severity, the cause of accidents and the
possible precautions to prevent these accidents will be explained. An example of such an
accident scenario from real cases is illustrated in Table 2. These scenarios will be used in
the next stage of the project for the design of the animations.

After preparing the scenarios, animations that show construction accidents will be
designed. Designing animations is the most important stage since it is the innovative part
of the project. The learning materials for health and safety trainings will be created at this
stage. In this stage, construction accident animations will be prepared based on the
scenarios. While preparing animations, real cases from the scenarios will be used. Within
the project, accident animations will be prepared according to high frequency, low
frequency and seldom occurring accidents. Moreover, the animations will be categorized
according to work types such as formwork, reinforcement, concrete and excavation.
Table 3 illustrates some examples of these work types. The main purpose of categorizing
the animations according to the work types is to create learning materials for specific
trainings such as ‘work at height’. These groupings can help to provide effective training
materials to the workers working in such areas.

For less educated employees, animation modeling can have a great potential in achieving
efficient results in health and safety trainings. Computer animations can make trainings
more attractive and enjoyable. According to previous studies, 80% of human memory
skills and learning are developed by visual learning. Thus, animations can improve
memory skills and provide an effective learning. Moreover they can significantly enhance
the learning interest (Steven and Phillip, 1994).

Animations do not contain any spoken dialogue. Messages could be understood from
images and rhythms of music. 3D Computer-based animations are nowadays used for
training purposes in a wide range of industrial applications like assembly, maintenance
and operations (Parisi et al., 2007). Some views of the sample animations prepared for
this project are shown in Figures 1 and 2.



Table 2. An example of an accident scenario from real cases

Accident definition:

Fall from height

Category:

Construction site accident

Causes of accident:

Human behavior

Lack of following Work at Height Procedure

Lack of supervision

Lack of covering of gaps

Lack of tie off harness existing running line

Lack of attention

Choosing incompetent person for the risky activities

Place of accident:

Terminal building (Sunny day , Day light)

Frequency:

Most frequently occuring accident

Result of accident:

Severe injury

Description:

Generally roof employees have a Tool Box Talk with all
roof employees two times in a week. The last Tool Box had
been performed on 5™ of June. The topic of Tool Box was
edge works, gaps on the roof, carrying of materials and
access to roofs.

The accident occurred on 11th June 09. The roof employees
started to perform their activities on R4 roof at 7am. The
victim 22 years old who fell down from R3 Roof was a
simple worker. While most of the team were working in R4
roof covering activity, the victim has decided to step on R3
roof. Nobody saw him at that moment. Despite his harness
and existing life rope (running line) nearby dangerous zone
he was not connected and continued his activity. He didn’t
notice the gap which is smoke damper gap and then,
somehow he lost his balance and fell down from R3 roof
smoke damper’s gap to level +14.93. Firstly he hit to steel
construction in level +18.00 and due to that his speed was
reduced. Then he fell 4m more and hit to concrete surface.

Possible precautions to
prevent the
accident

Workers should wear proper safety equipments

Specific Training should be implemented for all site
workers on site such as (“Work at height’, ‘Fall
Prevention’...etc)

Training should be implemented for all foremen,
supervisors and engineers weekly




Table 3 Examples of groupings of animations according to work types

Animations
Electrical Masonry Loud sound works
Plumbery Plastering Excavation
Transportation Reinforcement Heat and water insulation
Painting Highway construction Doors & Windows
Welding Concrete Hazardous materials
Soil Machine-Equipment Formwork
Site safety Roof Scaffolding

Figure 2: A view from sample animations — 11

The next stage of the project is the application of health and safety trainings using these
animations. The main objective of this stage is to test and evaluate the effectiveness of
health and safety trainings using animations. For this purpose, the leading Turkish
construction companies will provide technical support for this project. These trainings
will be performed with Health and Safety Departments of these firms. Besides theoretical
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trainings, trainings with animations will be given at the construction sites of these
companies. Using accident statistics, the effect of training with animations will be
determined. To compare the results of the new method, accident rates will be compared
with previous years using accident reports and accident data statistics. Thus the efficiency
of animation project will be evaluated.

Methods used for comparing accident rates are; accident frequency, recurrence rate,
number of accidents/ compensation payment per day rate of number of accidents/ number
of worksite. Frequency of accidents method is the mostly used criteria for comparing
different firms and sectors. Frequency of accident is the rate of accident for every
thousand workers. ANOVA parametric test method will be applied in the analysis of the
results. ANOVA examines the influence of variables to other variables. ANOVA is used
to compare two or more groups and shows the differences between groups.

Moreover, to determine the success of trainings with animations, the perceptions of
construction workers about safety culture will be assessed by a survey questionnaire both
before and after trainings. The analysis of the data collected from the surveys will be
evaluated using paired sample t-test.

4. Conclusions

This paper presented an overview of the ongoing project which aims to prepare
animations that show construction accidents. These animations will be used as learning
materials in health and safety trainings in construction industries to minimize accidents.
The results of the project will be tested at construction sites and the effects of these
trainings will be examined. In most of the countries, there is a vast need of effective
health and safety training programs in construction sectors to reduce accidents.
Therefore, a great impact is expected from this project.

Using animations will significantly facilitate learning about the health and safety issues in
construction. Since now, although many significant improvements in health and safety
trainings have been performed, there are still improvements needed to minimize
accidents. Therefore, the training materials that will be established in this project will be
very useful visual learning materials. The present project will strongly support the
development of health and safety trainings in the construction industry. Moreover, in the
future, the training materials can become an important visual material for health and
safety courses in the universities as well.
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Abstract

This paper documents the implementation of a social sustainability module for teaching
Safety through Design to civil engineering seniors and graduate students in a Sustainable
Construction course. Previous research has found that similar students focus on
environmental and economical considerations when they refer to sustainability. This
teaching module advances their understanding of social sustainability during the planning
and design phases of construction projects, focusing on Safety through Design as well as
Social Design, Corporate Social Responsibility, and Community Involvement.
Trochim’s and Novak’s concept mapping techniques are used as assessment tools in this
teaching module. The first is used to establish a group pre-assessment of student
knowledge, serving as a point of discussion during the lesson. Novak’s technique is then
used as a post-assessment, identifying the knowledge gained by the students. The results
of this educational experience show that both groups, seniors (N1=60) and graduates
students (N2=25), developed a balanced view of sustainability. In particular, students
became more aware that as future designers, they should ensure worker safety by
eliminating potential safety hazards from the work site during the design phase. These
results are encouraging in how to teach Safety through Design with other social
sustainability categories.

Keywords: Safety through Design, Social Sustainability, Sustainable Construction,
Concept mapping, Safety Education

1. Background

Civil engineers (CE) are in a key position to enhance the three pillars of sustainability
given their broad roles, ranging from designing to deconstructing the built environment.
While environmental and economic sustainability is receiving increased focus in CE
programs (Woodruff, 2006; Grimberg et al., 2008; Chong et al., 2009), social
sustainability receives little attention in the classroom (Klotz and Grant, 2009), the
emphasis often on service-learning projects (Riley et al., 2007). Rather than a clear and
agreed-upon focus on social sustainability, it is an evolving concept of interest, creating
an opportunity to teach students its various categories.
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When social categories are not considered, construction project performance measures
such as schedule, budget, and safety are adversely affected. For example, safety
accidents during construction impact a range of stakeholders by reducing team morale,
productivity, and profitability, while at the same time increasing personnel turnover
(Rechenthin, 2004). Making the situation more critical is the fact that these accidents
negatively affect community perceptions about the profession and the industry. The
public will view this industry as being indifferent to both safety concerns and long-term
project viability, thus limiting the ability to attract qualified and diverse CE professionals
and construction workers.

For social sustainability to be addressed fully by future CE professionals, students must
be educated and trained to consider this concept in infrastructure projects. These students
should begin thinking about their roles in the process to improve user/worker health,
safety and well-being during the life cycle of projects. To accomplish this goal, this paper
describes the implementation of a Social Sustainability teaching module taught in a
Sustainable Construction course, an elective for seniors and graduates students in the
Civil Engineering Program at Clemson University. This module was developed to help
students consider social categories of sustainability during the planning and design of
construction projects by focusing on Safety Through Design as well as Social Design,
Corporate Social Responsibility, and Community Involvement. The learning outcomes of
these four social categories were assessed through the evaluation of two concept mapping
techniques (Novak, 1990; Trochim, 1989).

2. Safety Through Design as One of the Social Sustainability Categories

The sustainability literature suggests that safe and healthy living and working conditions
are important components of social sustainability along with the impact of the project on
the local community through the its lifecycle (Benoit and Mazijn, 2009). Based on the
Brundtland Report (1987), Agenda 21 (1992) and Agenda 21 on Sustainable
Construction (1999), the construction industry considers social sustainability as a series
of processes that improves safety, health and well-being during the life cycle of projects,
including both current and future generations (Herd-Smith and Fewings 2008, Dillard et
al. 2009). The teaching module proposed here is based on the four categories currently
being applied through various processes and techniques in different phases of the delivery
of construction projects (Valdes-Vasquez and Klotz, 2010). Each category is described
briefly below:
e Community Involvement emphasizes public constituencies in governmental and
private decisions
e Corporate Social Responsibility considers the accountability of an organization in
caring for all of the stakeholders affected by its operations
e Social Design focuses on improving the decision-making process of the design
team and the intended use of the project by the final users
e Safety Through Design ensures worker safety by eliminating potential
construction /operation safety hazards during the design phase.



This last category, Safety Through Design, aims to reduce construction workers injuries
and fatalities as well as increasing construction worker health. This concept, also known
as Prevention through Design (PtD) or Design for Construction Safety, has been
recognized by the National Institute for Occupational Safety and Health (NIOSH) as a
key strategy for improving workplace safety. While this is a promising safety approach,
one of the barriers for its implementation is the lack of education among designers
concerning construction safety (Gambatese, 2003). However, as Toole (2005)
documented, the possibility of adding another course in engineering programs to cover
safety is limited due to accreditation requirements. Perhaps current sustainable
construction courses could serve as an integration point for teaching safety to designers
using a systems thinking approach. Such a pedagogy could help students learn to consider
how design decisions can reduce construction hazards, helping to increase the social
equity of a project. In addition, it will help them expand their perspectives about the
social impacts of such hazards on the community, in particular when a high percentage of
workforce may live in the surrounding area.

3. The implementation of the Social Sustainability Module

The implementation and assessment of the teaching module proposed here required four
general steps, which include two class sessions as summarized in Figure 1:

Teaching Step 1 Step 2 Step 3 Step 4
Steps
Assessing previous Mini-lecture about Dl Koseusing
. . . Ve Y SSESS
knowledge by social sustainability VS 'p & e
" P . Novak's concept learning of social
IContent using Trochim's categoria and d reviewi ustainabilitv using
: o maps and reviewing sustainz sing
concept mapping discussion about p cviewing ; y Ustng
shei3 . course material Novak's technique
technique previous knowledge
Timetable Before Class Session | Class Session 1 Class Session 2 Midtern Test
(duration) (varies) (75 minutes) (75 minutes) (75 minutes)

Figure 1: Teaching Approach for Social Categories of Sustainable Construction

Step 1: Assessing Students’ Previous Knowledge of Social Sustainability

The first step assesses both the students’ previous knowledge of social sustainability and
their misunderstandings using Trochim’s concept mapping technique (1989). This
preliminary group assessment asks students to generate short statements describing
specific processes of social sustainability that should be included during the planning and
design phases of construction projects. Then, the final set of statements was later used
for sorting and rating by graduate students.

The information collected from the students helped the instructor develop a group

concept map representing a general conceptualization of social sustainability using the
Concept Systems, a web-based software (Kane and Trochim, 2007). The objective of this
report was to provide students with a graphic representation of their previous knowledge




and to give them time to reflect on their misconceptions as group. In addition, a
discussion topic about social sustainability was posted on Blackboard to prepare students
for the next class period. For Safety Through Design, such discussion topics could
include the effect of the design of skylights, footing and steel framework on occupational
safety during construction and operation.

Step 2: Teaching Social Categories of Sustainability

The next class began with a discussion of the comments posted on the discussion forum
on Blackboard. A copy of the concept map report was also given to the students to
reflect about their misconceptions as group. Then, the Social Sustainability Model was
presented so that students could apply theory to the practice of social sustainability
concept, for instance how to integrate safety considerations during the design phase of
construction projects. The importance of this mini-lecture is to emphasize that the social
sustainability concept conveys multiple perspectives represented by various categories.

The students were then asked to find five aspects that they did not know about Social
Sustainability based on the concept map report and the conceptual model presented. This
in-class activity gave students an opportunity to convey and build knowledge in a
cooperative environment since they worked in small groups. Past research has found that
this combination of providing and receiving information from peers enhances the
learning process since peer-feedback provides a different perspective and allows students
to incorporate and internalize these new concepts (Nilson, 2003).

The class session concluded with a general discussion to help students clarify concepts
and view different perspectives of the topic, with special emphasis on the fundamental
concepts behind each social dimension. After this discussion, students were given
instructions for incorporating the different categories of social sustainability in the
midterm project, which was creating video tours featuring sustainability aspects of
campus facilities. Finally, the instructor provided extra information to clarify some of the
misconceptions found during the activity. After class, an e-mail was sent to the students
providing extra resources such as documentation related to OHSAS, NIOSH and Safety
through Design practices.

Step 3: Novak’s Concept Mapping Practice

The information on social sustainability was reviewed again before the midterm along
with other topics covered in the course. For this educational experience, Novak’s concept
mapping technique was used to assess the knowledge gained by each student (1990,
2010). In Novak’s approach, the student writes ideas in boxes using lines to connect
related concepts, often including labels, to show the type of connection to build meaning
among a given set of concepts. This concept map technique has been successfully applied
in other programs to measure understanding of sustainability (Borrego et al., 2009;
Lourdel et al., 2007).



To practice, one class session before the midterm, students developed individual concept
maps based on their understanding of the topics covered in the course to date. Although
one of the main purposes of this step was to review the course content, it also allowed
students to practice using the Novak concept mapping so that they were familiar with the
technique. Students then shared their maps, reinforcing how to create concept maps. This
technique is also a useful tool for understanding how students connect related information
as well as the information they are missing at a specific point of time (Wiezel, 2006).

Step 4: Assessment of Student Understanding of Social Sustainability

During the midterm exam, the students developed individual concept maps. Students
were required to construct a concept map of the social processes of sustainability that
need to be considered during the design of construction project. Figure 2 shows one of
the concept maps developed by the students:
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Figure 2: Concept map from a student.

A grading matrix for assessing these concept maps was adapted from Martinson (2004)
and Besterfield-Sacre et al. (2004). Since one concern when using this rubric was the
validation of the assessment tool, two other evaluators were asked to independently
assess 17 randomly selected concept maps of the 85 collected. The instructor of record
and another research graduate student with a sustainability focus served as these
evaluators. These 17 maps were given to the evaluators without the names of students on
them, and they were randomly arranged to eliminate individual bias.




The results of a linear correlation (r=.98) show a strong correlation between the principal
evaluator’s overall grades and the average overall grades of the two independent
evaluators using the rubric. From these results, it was concluded that the rubric was a fair
assessment tool to determine the level of understanding of students. In general, having
two additional evaluators was important for the assessment of the maps because this
process needs to be unbiased, especially when assessing some of the abstract topics
related to social sustainability.

4. Results
Table 1 presents the results from the assessment of the 85 concept maps:

Table 1: Average Grade of the Concept Maps divided by Seniors and Graduates

(Sr':)ratum Subpopulation (Ny) Average Grade (V) | standard Deviation (5)
Seniors 60 88.4 5.0
Graduate 25 89.2 5.0

Since the levels of education of the students were different, it was expected that the
results from the two groups would be different. However, these results show that
undergraduate and graduate students have a similar level understanding of social
sustainability based on the grades given using the assessment tool. The results do not
support the hypothesis that Stratum One consisting of seniors would have a different
average grade from Section Two, which includes graduate students.

While the results are encouraging, one of the primary limitations of using this technique
was grading the maps. One of the independent evaluators affirmed that the task of
grading was difficult, saying “grading concept maps is time-consuming and takes a fair
job to do it.” This comment is supported by another evaluator, who reported that grading
conceptual ideas rather than concrete answers is difficult. The suggestion when grading
concept maps is to compare the maps with similar scores to validate the consistency of
the grades. Another recommendation to consider is to assess a large portion of the
midterm as a concept map so that more time could be spent evaluating the knowledge
gained by the students on different topics covered in the class.

Observations from Instructor of Record

One of the primary findings provided by the instructor of record was that having students
construct individual concept maps is helpful since students work with the concepts rather
than just listening to them. Primarily, writing the concepts forces them to reinforce and
link the concepts discussed during the lecture. The instructor of record reflected that
although a small group of students did not enjoy developing these kinds of maps, the
majority found it useful. This reflection implies that these students saw their knowledge
in tangible ways, connecting the different pieces. This process of developing the maps
helped them to see the big picture, using a systematic approach rather than focusing on



one narrow perspective, a key ability for future civil engineers designing sustainability
infrastructures (Clough, 2005).

Feedback from Students

To supplement this classroom assessment, five students were formally interviewed three
weeks after the midterm to obtain general feedback about the Social Sustainability
teaching module. Three specific questions were asked: a) what do you think social
sustainability means? b) can you explain how your understanding of social sustainability
has changed, if it has, as a result of the teaching module?, and ¢) do you think it is
important that social aspects are taught in this class? Why or why not?

The opinions obtained from the students provide additional perspectives that help to
reinforce that the teaching module was successful in increasing the awareness of the
students about Social Sustainability categories such as Safety Through Design. The
following points are just a summary of the main findings from these interviews:

e Students clearly identified that social sustainability is about current people and
future generations. While they did not recall fully the definition provided during
the class session, they were aware this concept involves several stakeholders
including the construction workers as well as the surrounding community, final
users, and the design team.

e They stated that they have a better understanding of sustainability in general and
that they now include not only the environmental concerns but also the social
ones. Some of the comments shared were that “it is good to understand that the
design is more than the safety of the structure itself. There are other safety
considerations that affect sustainability of the project.”

e All the students agreed that the teaching module helped them to integrate and see
the various considerations that previously they did not think were part of the
concept of sustainability such as preventing construction hazards during the
design phase. One of the students stated that “I didn’t really know anything about
social sustainability; when | thought about sustainability, it was about saving the
environment and recycling. I didn’t realize that it deals with such aspects as
safety and healthy places to live and work.”

Based on the results obtained from individual concept maps and the feedback provided
from students, the concept maps help students internalize and take ownership of the
material by making them use the ideas discussed in class. These maps also reinforce
conceptual understanding and enhance long-term retention by giving them options for
organizing their knowledge. In particular, this technique helps to increase awareness
among civil engineering students that preventing occupational hazards during the design
phase is a fundamental concept of social sustainability.

In addition, using these techniques to teach safety concepts helped the students to
conceptualize their ideas and the implications of Safety Through Design during the
design of infrastructure projects. The same is applicable when learning about the other
three categories: Community Involvement, Corporate Social Responsibility, and Social



Design. Future civil engineers must be able to design sustainable solutions that not only
satisfy technical, economic and environmental requirements but also consider the social
pillar of sustainability.

5. Conclusions

Although the results of this study may not generalize to other cohorts in other programs
or institutions, it suggests trends in improving student learning of Safety Through Design
as part of the social sustainability concept in the delivery of construction projects.
Specifically, concept mapping techniques promote shared understanding and learning by
looking at broader wholes and their parts, especially in teaching abstract concepts such as
social sustainability as well as in providing feedback. In the future, the implementation of
the teaching module can be enhanced by exploring how to assess the development of
team concept maps rather than individual ones.

Further study based on other qualitative measures such as extensive personal interviews
or essays is also required to investigate the different ways in which students experience or
think about various aspects of social sustainability in relation to the delivery of
construction projects. In addition, the implementation of this module can be applied in
other programs and institutions to compare results and provide generalizations. The
author welcomes other faculty members to be part of the implementation of this module.
All of these efforts will serve the main goal of preparing CE future professionals for
learning about the concept of sustainability beyond the classroom.
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Abstract

The nature of the physical construction process has been described as clearly
distinguishing the industry to present safety challenges. Therefore, the risks associated
with accidents on construction sites are inevitable. This phenomenon is more evident in
developing nations where the provision of safety infrastructure is sometimes inadequate
and substandard. It has been proposed in various literature that companies’ safety policies
and systems for risk management should include workers safety welfare broadly and also
protect the contractors from the implications of the negligence of employees. However
the contextual nature of various policies also suggests that there may be variations in the
approach between countries. In this study, an investigative approach into the safety and
compensation policies of construction firms in Lagos, Nigeria was made. Data collection
was carried out using questionnaire surveys, structured interviews and documentary
analyses. With a response rate of 75%, information was elicited on the safety and
compensation policies and plans of construction firms in Lagos. Data was analyzed with
relevant statistics. The research revealed areas of deficiency and loopholes in policy
strategies. The results and recommendations from this research provide a guide for taking
efficient and equitable policy decisions on the welfare of contractors and site workers.

Keywords: -Construction site, developing country, legal infrastructure, organization,
safety policy.

+1 Introduction

The prospects of ever achieving ideal standards of health and safety in the construction
will remain low where there is no formal organization policy on safety management.
According to Adenuga, Soyingbe and Ajayi (2007) laws must protect the health, safety
and welfare of construction workers. Generally, good health and safety policies set a
clear direction for an organization to follow. They have also been described as cost-
effective approaches to preserving and developing physical and human resources, which
reduce financial losses and liabilities. Kuju-Ahmad (2000) explains that organizations
that are successful in achieving high standards of health and safety generally have health
and safety policies which contribute to their business performance. The formulation and
implementation of such policies is particularly necessary in an industry that has generally
been criticized for its poor performance in health and safety. Construction workers suffer
far more serious injuries and fatalities than the general workforce population. (Buyite,
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2007) .They die from work-related trauma at a rate three times the national average for
workers in all industrial sectors; they suffer disproportionately from non-fatal injuries,
from lung diseases, musculoskeletal disorders, hearing loss and dermatologic conditions.
For the construction industry, the national cost from lost production, medical care,
workers compensation and related claims is very high. Workers compensation insurance
premiums alone cost $7 billion annually as they often work in the presence of excessive
noise levels and with tools and equipment that produce potentially hazardous vibrations
and perform repetitive, forceful motions. Workers also assume awkward working
postures and frequently use a variety of toxic and volatile substances. Essentially, the
construction sector stands out from most other industries to have one of the highest
worker injury rates. Spangenberg (2010) also affirms that construction projects have
resulted in impressive and useful structures, but at significant human costs and with
numerous construction worker fatalities and serious injuries. In many developing nations,
inadequate consideration has been given to the issue. Workers therefore remain prone to
risks and uncovered even in the event of injuries and accident. Laryea and Mensah (2010)
in their study on construction health and safety discovered a poor state of health and
safety on Ghanaian construction sites. A primary reason for this was poor health and
safety policies and procedures. Health and safety represents a great challenge and its
management continues to be increasingly important in the construction industry. This
study therefore adopts an investigative approach into the legal policy framework of
construction companies in Lagos, Nigeria regarding safety and health of personnel on
site.

H-2 Literature

Safety and Health Policies in Construction

Safe and healthy working conditions do not happen by chance and any site safety
approach recommended will remain in mere abstraction without its formal adoption into a
policy. According to Ahmed, Roger, Martin and Terence (2001), employers need to have
a written safety policy for their enterprise setting out the safety and health standards
which is their objective to achieve. A health and safety policy is a written statement of
principles and goals embodying the company's commitment to workplace health and
safety (CSAQ, 1993). It demonstrates top management's commitment to ensure safe
working methods and environment at the construction sites (Dorji and Hadikusumo,
2009). Health and safety policy should influence the selection of people, equipment and
materials, the way work is done and how service delivery occurs. A written statement on
the arrangements for implementing and monitoring policy shows that hazards have been
identified and risks assessed, eliminated or controlled.(Institute of Engineering
technology, 2010), Identifying hazards and assessing risks, putting precautions in place
and checking they are used protects people and safeguards production. A good
comprehensive policy on the subject of safety will ensure that duties and responsibilities
would not overlap thereby making safety management effective. This is due to the
definitive roles of each actor in the process. Essentially, these policies serve as a blueprint
and guide to safety management on site. Laryea and Mensah (2010) affirm that in



developed nations, there are statutory instruments and legislative frameworks to govern
construction operations on site and help in minimizing health and safety hazards for
example, the Construction Regulations 2007 (S.1. 2007/No. 320) on Health and Safety in
the UK construction industry. In Nigeria, there are no health and safety regulations
developed specifically for the construction industry, though a number of occupational
health and safety policies exist. Idoro (2011) explains that the existing Factory Act of
1990 in Nigeria is an adaptation of the UK Factory Act 0f1961. The Occupation Safety
and Health Act of 1970- an American regulation. Others such as the Control of
Substances Hazardous to Health Regulations of 1988; the Personal Protective Equipment
at Work Regulations of 1992; the Management of Health and Safety at Work Regulations
of 1999 are all British regulations and are applicable in European countries. The Manual
Handling Operations Regulations of 1992 and the Construction Design and Management
(CDM) Regulations of 2007 are also UK regulations. The Personal Protective Equipment
(PPE) Regulations of 2002 were purposely formulated to regulate the use of PPE. Idoro
asserts that the provisions of the Factory act of 1990 do not apply to the construction
industry. Also, the provisions contained in the PPE regulations exclude construction sites
and activities from its coverage, therefore the activities of construction contractors and
workers on OHS are unregulated. Williams (undated) also confirms that it is only in
Lagos State that there are some Local Government bye-laws that touch on the safety of
workmen in this area.

The contents of safety policies of various countries may differ slightly or significantly
depending on the orientation and adaptability of formulation strategies. Laryea and
Mensah (2010) state that Health and Safety policies and procedures may vary and need to
be contextualized as the characteristics of countries differ. In this context, Baloi and Price
(2001) elucidate that an organization/project environment is a set of factors and their
properties have the potential to impact on its operations and progress. Developing
countries pose greater challenges to international construction contractors because of
inherent risks such as government instability, shortages of adequately trained craftsmen,
difficulty in acquiring needed materials, and lack of adequate infrastructure. In different
regions, varying requirements for construction activities are put forth. Juodis, Siskina and
Stalioratis (2005) identify the following major factors among those most often
responsible for these variations: local/national regulations, rules and law, acts,
climate/weather conditions; geological/ seismic conditions, price and productivity of
labour force; quality of construction material, conditions of their provision and period;
local traditions and festivals, local infrastructure; local communications lines and access
to them; conditions of project financing and settlement for the works performed; taxes,
insurance, Attitude of state institutions towards the companies from other countries etc.
The management of construction organizations must therefore have a close relationship
with the environment in policy formulation.

HH-3 Research Process

The initial stage of this research comprises the rationale for this study followed by
literature pointing at various issues relating to policy use and formulation in construction



health and safety. The insights into key performance criteria of established policies (some
key factors were subsequently modified contextually and used in structured
questionnaires to elicit information on the policy frameworks of construction companies
in Lagos, Nigeria) .The questionnaires were designed as adapted from the policies of
various construction companies in the United Kingdom to determine the state of the
existence or non-existence of the performance contents in local policies. (Most governing
frameworks in Nigeria are adaptations from the United Kingdom- Nigeria being a former
colony of the United Kingdom). The variables were modified to suit the local criteria as
discussed in the literature above. Figures from the current directory obtained from the
council of registered builders of Nigeria practicing construction firms in Lagos put the
size of the population of this study at 414. This population was derived from the current
professional directory of the council consisting of various built environment professionals
e. g builders, quantity surveyors, civil engineers, a etc, working within building and
construction supply chains. The sample was systematically selected to obtain a sample
size of 200 which constitutes approximately half of the total population. Follow-up
documentary inspection was performed (where possible) to clarify claims made by the
respondents. The respondents chosen were high ranking officers within the organizations
surveyed. These included managing directors, project managers, engineers of the
organizations surveyed as they were considered competent to give valid responses to the
questions based criteria such as their positions in the organizations. The target
respondents held positions of seniority within their organizations and were deemed the
most adequate individuals to provide information required for this survey. The
questionnaire was sub-divided into two sections comprising the following; background of
the respondent in the organization, the background of organization itself and policy
criteria. Lagos state was picked as study area due to the preponderance of these
construction firms in the study area.414 firms in Lagos out of a total of 1200 in 36 states
of the federal republic of Nigeria. Estimates put this value at about 30% of the total
population of construction firms in Nigeria.

/4 Research Findings

A sample of 150 firms yielded a response rate of 75%. This was considered adequate in
view of usual difficulties encountered in data collection especially for research in
Nigeria. The survey instrument was completed by respondents whom have been
described in the table below. Questions asked in arriving at the aim of the study and
responses are shown in subsequent tables.

Table 1: Characteristics of Respondents “  Formatted: Centered
Gender Frequency Percentage
Male 147 98
Female 3 2
Academic Qualification
HND/B.Sc 117 78
PGD 8 5.3
MBA/M.Sc 5 3.3



M.Phill 3 20

PHD 7 4.7
Others 10 6.7
Status in Organization

CEO/Partner 3 2.0
Managing Director 7 4.7
Executive Director 5 3.3
Project Manager 95 63.3
Planning and Resource Manager 31 20.7
Others 9 6.0
Age of Organization

Less than 1yr 2 13
1-3yrs 10 6.7
Between 3 and 5yrs 17 11.3
Between 5 and 10yrs 43 28.7
10yrs and over 78 52.0
Years of Working with Organization

Less than 1yr 10 6.7
1-3yrs 39 26.0
Between 3 and 5yrs 29 19.3
Over 5yrs 72 48.0

Source: Field survey 2011.

The questions above sought to query respondents about their background. These
responses confirmed that the respondents could be deemed fit to give valid responses in
view of their education and experience levels mainly.

Respondents were further questioned about the frequency of occurrences on their sites.
(51.3%) of the respondents agreed that site accidents/emergency occurred occasionally.
About (34%) of the respondents also agreed that site accidents/emergency occurred
rarely, while (8%), (4.7%) and (2%) of the respondents agreed that site
accidents/emergency occurred ‘frequently’, ‘very frequently’ and ‘never’.

Table 2: Rate of existence of written policies on Construction Safety and Health
Management in organizations

Frequency Percentage
Yes 89 59.3
No 11 7.3
It is currently being developed 37 24.7
Not Sure 13 8.7
Total 150 100

Source: Field survey 2011.

[ Formatted: Centered




Table 1 above shows that 59.3% of the construction firms have written policies or formal
blueprints on construction safety and health management in their organizations. 7.3% of
the construction firms did not have any formal arrangement on health and safety of their
workers at site. 8.7% of surveyed respondents said they were ‘not sure’, while a
significant number (24.7%) explained that their policies were currently being developed,
which implies that as at the time of collecting this data, they did not have any formal
policy whatsoever.

Table 3: Rate of policy reviews -  Formatted: Centered
Frequency Percentage
Never 19 21.3
Bi-annually 6 6.7
Yearly 15 16.9
Once in two years 30 33.7
Once in three years 9 10.1
Others 10 11.2
Total 89 100

Source: Field survey 2011.

Table 2 shows that 33.7% of construction firms that do have any policy at all review their
policies biennially. 16.9% of construction firms review policies annually, (21.3%) of
firms have never reviewed their policies. 10.1% of firms surveyed review formal
blueprint on construction safety and health management once in three years. While 11.2%
of construction firms make reviews at the instance it is needed, or some other obscure
time duration. Most firms though carry out reviews once in two years. This shows the
level of importance placed on dynamism through policy amendments.

Table 4: Percentage of stakeholders/ staff equipped with the policy “  Formatted: Centered
Frequency Percentage

All employees 9 10.1

Most employees 31 34.8

Several employees 4 45

A few employees 31 34.8

Only employees who are interested 5 5.6

Only top management staff 9 10.1

Total 89 100.0

Source: Field survey 2011.

Table 3 above shows that 34.8% of construction firms issued ‘most” members of their
organizations copies of their policies, 34.8% also of construction firms issued ‘a few’ of
their employees with the policies. 10.1% of construction firms issued ‘all” members.
10.1% of construction firm issued only top management staff issued copies of policy. In
the analyses, if organizations issued “all staff’ copies of their policies, then it was
assumed that the organization issued approximately over 75% to 100% of their staff with
these companies. If ‘most employees’ then between 50 and 75%. For ‘only employees



who are interested’, this was assumed to carry a weigh of 0-25%. ‘Only top management
staff” was not weighted as the respective figures could be highly subjective and
inconsistent with various staff strengths.

Table 5: Performance criteria status for construction health and safety policies in Lagos

Construction health and safety Policy elements

P

NP

PP

10

11.

12.

13.

In your company policy, your company accepts formally and publicly
its collective / overall role in providing health and safety leadership
for the company.

In the policy, each individual member of the board is to be assigned
and is to accept his individual role in providing health and safety
leadership for the company

In the policy, the management requires all management functions
within the company to be carried out in a manner that reflects the
health and safety intentions of the policy statement.

From your company policy, he board is to accept its role in engaging
the active participation of workers in improving health and safety.
From your company policy, the board is to appoint a Health and Safety
Director who is to keep the board informed of, and alert to relevant
health and safety risk management issues and who will assist in
monitoring and reviewing health and safety performance.

Your company policy ensures a place of work, systems of work and
plant that are safe and do not create a risk to the health, safety and
welfare of employees, independent contractors, members of associated
companies and the general public, as far as it is reasonably practicable
to do.

Your company policy stipulates the issuance of appropriate
information, instruction, training and supervision for all employees.
Your company policy stipulates the allocation of sufficient funds/
resources to enable the health and safety policy to function effectively.
Your company policy states that every individual concerned /
employee must understand the contents of the policy for health, safety
and welfare

Your company policy states that research must be carried out
constantly to monitor Policy, review it and update it as appropriate. In
order to take into account of any new Health and Safety legislation,
new plant and equipment, new techniques and materials etc.

In your company policy, specialist health and safety
managers/advisors whose duties include monitoring on-going health
and safety performance and providing advice in connection with
establishing a healthy and safe place of work are suggested

Your company policy stipulates regular consultation/ meetings with
employees, contractors, trade union representatives, the Health and
Safety Executive, Environmental Health Officers and other relevant
organizations.

Your company policy ensures that all on site workers, after proper

58

85

63

72

53

84

13

82

89

51

67

14

55

26

16

14

51

37

18

69

34

10

36

25
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14.

15.

16.

17.

18.

19.

20.
21,

22.

training, assume personal responsibility and accountability for

their actions, including knowing and observing safety rules and safe

work procedures, wearing and using the required clothing, equipment

and protective devices and being free from drugs and alcohol.

Your company policy stipulates the regular assessment of operational 81 6
performance, incident investigation reports and audit information

through a system of management review meetings in order to ensure

continual improvement.

The policy also stipulates the commitment to ensuring health and 89 -
safety matters are an integral part of the business.
The policy alludes to the commitment to complying with statutory 29 28

requirements, approved codes of practice, recognized guidelines and
other relevant industry standards.

The policy stipulates commitment to the understanding of changes in - 83
working arrangements which have significant implications for Health

and Safety

Your company policy sets out that technical guidance notes and 6 62

supporting information must be provided by relevant personnel in
order to assist management in developing Risk Assessments and
associated Method Statements.

Your organization policy instigates compliance with the health and 89 -
safety policy by every member/employee of the organization

Your policy sets out Implications of non-compliance 11 71
Your policy stipulates the availability of design or details of critical 16 49

elements in any construction, such as, temporary construction, erection

and lifting schemes, form work, scaffolding, and the use of lifting

equipment and its supports as approved by a professional engineer.

The policy identifies that the role of Health and Safety Manager is key 53 -
to health and safety issues and reports to a Safety Director.

32

21

24

36

P- present, NP- Not present, PP- Partially present

Source: Field survey 2011

From 89 organizations with written formal construction safety polices, the table above
shows the status of the contents in policies surveyed. Criteria 19 ‘Your company policy sets
out that technical guidance notes and supporting information must be provided by relevant
personnel in order to assist management in developing Risk Assessments and associated Method
Statements’ in the table above was found to be extremely lacking in many of the policies.
69.6% of the policies surveyed did not have this present at all. These companies therefore
will likely lack information for the prevention development of associated hazards on their
construction sites as well as key pointers on how to avoid such risks. The findings also
show that most companies (58) openly accept their overall responsibility in providing
health and safety leadership for the company. Other deficient areas in most policies
include criteria 12 ‘your company policy stipulates regular consultation/ meetings with
employees, contractors, trade union representatives, the Health and Safety Executive,
Environmental Health Officers and other relevant organizations’ as found in only 14 of
the surveyed policies, and criteria 20 regarding the implications with non-compliance,
only 11 firms had this criteria present in their policies. All the policies stipulated the
commitment to ensuring health and safety matters as an integral part of the business



(criteria 15)

5 Concluding Remarks

Most policies were found to be not as effective compared to accident rates which have
not declined commensurately with policy formulations. (See Olatunji, Aje and odugboye,
2007). As observed from the findings in this study, the enforcement of organization
policies still remains a major challenge as the implications of non-compliance were
practically non-existent in many policies. The lack of a national act/ regulatory policy on
construction health and safety has minimized the efficiency of individual policies in this
regard. Bala, Kolo, Bello and Bustani (2009) in their study on factors inhibiting the
growth of local construction firms in Nigeria ranked Government policies and support as
the third out of 22 measures needed for optimal performance in the construction sector in
Nigeria. A national regulatory policy will also ensure that individual organization health
and safety policies (in line within statutory requirements) will be a pre-requisite to
construction site operations. Communication also remains a veritable tool for
organization performance. A few key staff of organizations were not well equipped with
information as they were uncertain about the existence or non-existence of policies in
their organization. Information stringency has been recognized as a clog in the wheel of
industrial development as confirmed in this study. Areas recommended for further
research included the sustainability of specific government policies for construction
health and safety and a similar survey on the federation of construction industry members
who are multinational and bigger contractors and are characteristically different in their
organizational set up. This recommendation is advised for a comparative study.
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Reduction of Construction Project Risks to Pedestrians,
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Abstract

As the public agency responsible for the annual delivery of over three billion dollars in
construction projects, the California Department of Transportation (Caltrans) has a
tremendous responsibility to these deliver construction projects using project delivery
processes and procedures that create the minimum risk to pedestrians, drivers, and transit
passengers while also maintaining a safe working environment for all of its employees,
consultants, and contractors. This study has introduces a methodology that uses the
Pareto Principle and an accident chain analysis to analyze historical accident records.
Analyses compare accident data and characteristics for accidents which do not occur in
construction zones with accidents that did occur in construction zones. Using Pareto
Charts to conduct these comparative analyses, recommendations to reduce accidents in
construction zones are made. This work also includes accident chain analysis based on
data identified from the Pareto analysis. The work presents mitigated accident chain
diagrams to assist in determining how to reduce or eliminate the construction zone
accidents studies in the chain diagrams. Conclusions include data collection suggestions
for Caltrans, recommendations on how to implement research findings, and ideas for
future research.

Keywords: Safety, Pareto, Construction; Transportation

1. Introduction

As the public agency responsible for the annual delivery of over three billion dollars in
construction projects, the California Department of Transportation (Caltrans) has a
tremendous responsibility to these deliver construction projects using project delivery
processes and procedures that create the minimum risk to pedestrians, drivers, and transit
passengers while also maintaining a safe working environment for all of its employees,
consultants, and contractors. This study exams accident data from over 74,000 accidents
that occurred on selected highways in Southern California. The objective of the analysis
is to compare accident data and characteristics for accidents which do not occur in
construction zones with accidents that did occur in construction zones. Using Pareto
Charts to conduct this comparative analyses, recommendations to reduce accidents in
construction zones are made. Potential accident chain scenarios based on the analysis are
also developed as a tool to communication accident mechanisms.

Study of construction work zone accidents has become a nationwide and statewide
priority. Title 23 United States Code (USC) 402, enacted in 1966 and administered
through Title 23 Code of Federal Regulations (CFR) 1204.4, and California Vehicle Code



(CVC) Section 2900 et seq. requires the State of California to have a data collection
system as part of the process to reduce the number and/or severity of accidents on roads
in the State of California. In response to Title 23, USC 402, the State of California
developed the Traffic Collision Reports (TCR's) used by police agencies to collect and
compile accident data. When the State developed the TCR's, they also developed the
accident database (SWITRS) that resulted from the data collected and compiled from the
traffic collisions reports. The State also developed the Traffic Accident Surveillance and
Analysis System (TASAS) used by the California Department of Transportation
(Caltrans) to analyze accident, traffic, and highway data collected and compiled by
Caltrans. The State of California has developed a process that utilizes the TASAS data
base, including the accident information collected and compiled into it, to effectively
reduce the number and severity of accidents on all highways under the jurisdiction of the
State. This study to date has not extensively looked at accidents as related to active
construction projects.

The Pareto Principle is based upon the observation of Vilfredo Pareto in nineteenth
century Italy that 20% of the population controlled about 80% of the wealth. Researchers
have applied Pareto’s concept to many other topics other than wealth distribution and
have found that in most cases, occurrences are distributed in a way such that a vital few
make up the largest portion of the population of outcomes — but not always strictly in a
20-80 relationship (Juran 1989). The Pareto diagram is a graphic representation of this
concept. The Pareto diagram itself is a histogram with the categories of data arranged in
order from the largest the smallest and a cumulative curve for all outcomes. Used in
research applications, Pareto diagrams graphically allow the separation of the vital few
items from which the majority of occurrences are generated from the trivial many.
Resources are then directed to the vital few, thus maximizing the effective use of
available resources. Used in such a fashion, Pareto diagrams have been used or proposed
in a number of applications such as quality control (Kuprenas and Kenney 1999),
engineering management (Graves 1993), and safety (Kuprenas et al 1999, Kuprenas and
Nasr, 2000).

Accident chains are a simple graphical tool used to represent the condition of events that
result in an accident. Each circumstance / event is illustrated through a box. Arrows
connecting the boxes indicate a relationship between the circumstances / events. The
final box in the chain is the accident. Items immediately preceding the accident are the
direct cause of the accident, but the value of the accident chain is beyond these events.
The chain identified events prior to these direct cause events that if eliminated would
prevent the accident preceding event from happening. In many cases, removal or
mitigation of these earlier events is significantly easier (effort, cost, time, etc.) than
removal of later events. This work will create accident chains based on data identified
from the Pareto analysis. The work will also create mitigated accident chain diagrams to
assist in determining how to reduce or eliminate the construction zone accidents studies
in the chain diagrams.
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2. Analysis

Data used in the analysis is all accidents in Caltrans District 7 for the three year period
from 10/01/00 to 09/30/03 on the five state routes 005, 010, 101, 110, 405. Accidents in
all directions (northbound, southbound, eastbound, and westbound), all times of day, and
all conditions are included. The TASAS database includes several data fields. The
TASAS data fields used in this study are

e Number of vehicles

e Type of vehicle / party

Type of accident

Movement proceeding accident

Primary collision factor (including construction activity)
Other associated factor

Sobriety / drug use

The data set is subdivided into two groups — all accidents (including accidents in
construction zones) and accidents that specifically occurred in construction zones. Table
1 summarizes the data to be used in the analyses. Note within column 4 of the figure the
large variation in number of accidents in construction zones. Note that this variation is
less a function of the road, but rather more a function of whether construction took place
over the three year period. Series of figures showing Pareto charts with two pieces of
information for each accident attribute studied. The x axis on the chart represents the
attribute outcomes and the y axes showing percentage. The left axis is the percentage of
each individual outcome (measured as a bar) and the right axis is and the cumulative
percentage for all listed outcomes (measured as a curve). Each figure shows
information on two sets of data, a dark grey set of frequency bars and curve (representing
accident data for all accidents) and a light grey set of frequency bars and curves
(representing accidents that happened in construction zones).



TABLE 1. Accident Data

Total Number of Number of Number of
Route Accidents Accidents Not in Accidents in
Construction Zones Construction Zones
(1) 2 ) (4)
005 16,562 16,207 355
010 18,306 17,194 1,112
101 13,169 12,938 231
110 10,555 10,480 75
405 15,894 15,715 179
TOTAL 74,486 72,534 1,952

Table 2 summarizes the number of injuries and of the number of accidents per injury.
Note within columns 3 and 5 of the figure a lower number means that the accident would
be more likely to result in injury — a value of one would mean every accident resulted in
an injury. The table shows a 4.2% increase in the average of accidents per injury when
the accident occurs in a construction zone.

Table 3 summarizes the number of fatalities and of the number of accidents per fatality.
Note within columns 3 and 5 of the figure a lower number means that the accident would
be more likely to result in fatality — a value of one hundred would mean every one
hundred accidents resulted in a fatality. The table shows a significant difference
between the averages shown in columns 3 and 5. The table shows an increase of 37.4%
in the average of accidents per fatality when the accident occurs in a construction zone.

Within the TASAS database one fundamental piece of information is the primary
collision factor to each accident. The Pareto chart showing the primary collision factor in
each accident of the study is shown in Figure 1. The dark bars show the non-construction
zone accidents; the lighter bars are the construction zone accidents. The figure shows
the most common primary collision factor to be “speeding” with “other violations” and
“improper turn” also relatively common factors (~20% and ~10% respectively). The
figure shows differences in collision factors based on construction zone accidents.



Route

TABLE 2. Accident Data — Injuries

Accidents Not in Construction Zones

Accidents in Construction Zones

Number of Accidents per Number of Accidents per
Injuries Injury Injuries Injury
1) &) ®3) 4 ®)
005 4,098 3.95 93 3.82
010 4,418 3.89 319 3.49
101 3,584 3.61 68 3.40
110 2,722 3.85 20 3.75
405 4,475 3.51 50 3.58
Average - 3.76 - 3.61




TABLE 3. Accident Data — Fatalities

Accidents Not in Construction Zones Accidents in Construction Zones
Route . .

Number of Accidents per Number of Accidents per

Fatalities Fatality Fatalities Fatality
(1) #) 3 @) (5)
005 89 182.10 3 118.33
010 55 312.62 2 556.00
101 30 431.27 4 57.75
110 38 275.79 1 75.00
405 42 374.17 1 179.00

Average - 315.19 - 197.22

Figure 2 is a Pareto chart primary collision factors but with the “speeding” and “other
violations” factors removed and the chart recalculated. The figure is of value because it
clearly shows a substantial difference in collision factors based on construction zone
accidents — the most striking in the collision factor of “influence of alcohol”. Based on
figure 1 (all factors) the data shows alcohol to be the primary collision factor in 7.3% of
accidents in construction zones and only 4.7% in accidents in non construction zones.
This 56% increase for construction zone accidents due to the influence of alcohol is a key
finding representing about 150 additional accidents in District 7, resulting in 40 injuries
and 1.3 fatalities over the three years of the study.

The TASAS database collections collision factors other than the primary collision factor.
This field is called “Other Associated Factor”, and Pareto chart for these other associated
factors is shown in Figure 3. As in the other figures, the dark bars show the non-
construction zone accidents; the lighter bars are the construction zone accidents. Many
of these factors are common to the factors shown in Figures 1 and 2. Speeding is
identified as another associated collision factor in 16.6% of accidents in non-construction
zones and 22.4% of accidents in construction zones.
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3. Accident Chains

Accident chain analysis will focus on construction zone accident scenarios identified
through the Pareto chart analyses. Accident chains will illustrate how sideswipe /
drinking accidents could possibly occur. Mitigated accident chains are also created for
each scenario in order to understand how to eliminate these types of accidents.

Figure 4 shows the accident chain for one finding from the analysis of the TSAS
Construction Zone data analysis. The figure shows how the hypothetical Construction
Project of a center median improvement project requires traffic controls, specifically lane
traffic controls. The figure also shows the hypothetical case of a driver who had been
drinking arrived at the area with lane traffic controls. The combination of these two
events results in a sideswipe accident (shown to be 12% more likely in a construction
zone).

Figure 5 shows one simple mitigation for the accident shown in Figure 4. Again, the
figure shows how the hypothetical Construction Project of a center median improvement
project requires traffic controls, specifically lane traffic controls. Again, the figure also
shows the hypothetical case of a driver who had been drinking arrived at the area with
lane traffic controls. Figure 4 also shows an external influence in the accident chain —
law enforcement in place. The addition of the law enforcement removes the drunk
drivers from the roadway and eliminates the combination of the two critical events that
resulted in a sideswipe accident.

Accident Chain

Traffic
Controls
Needed

Lane Traffic
Controls
Needed

Center
Median
Improvements

Construction
Zone

Vehicle Driver
had been

Drinking

FIGURE 4. Accident Chain — Sideswipe / Drinking
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FIGURE 5. Accident Chain — Sideswipe / Drinking — Mitigated

4, Conclusions and Recommendations

As the public agency responsible for the annual delivery of over three billion dollars in
construction projects, the California Department of Transportation (Caltrans) has a
tremendous responsibility to these deliver construction projects using project delivery
processes and procedures that create the minimum risk to pedestrians, drivers, and transit
passengers while also maintaining a safe working environment for all of its employees,
consultants, and contractors. This study has introduced a methodology that uses the
Pareto Principle and an accident chain analysis to analyze historical accident records.

This study has examined accident data from over 74,000 accidents pulled from the
TASAS database that occurred on selected highways in Southern California between
10/01/00 to 09/30/03 on the five state routes 005, 010, 101, 110, 405. The analysis has
compared accident data and characteristics for accidents which do not occur in
construction zones with accidents that did occur in construction zones. Using Pareto
Charts to conduct these comparative analyses, recommendations to reduce accidents in
construction zones are made. Potential accident chain scenarios based on the analysis are



also developed as a tool to communication accident mechanisms. Specific findings of the
analysis were found to be:

A large variation exists in the number of accidents in construction zones. Note
that this variation is less a function of the road, but rather more a function of
whether construction took place over the research period.

There is a 4.2% increase in the average of accidents per injury, when the accident
occurs in a construction zone.

There is an increase of 37.4% in the average of accidents per fatality when the
accident occurs in a construction zone.

The historical data shows the most common primary collision factor in
construction zone accidents is “speeding” with “other violations” and “improper
turn” also relatively common factors (~20% and ~10% respectively).

When the “speeding” and “other violations” factors removed, “alcohol” is the
primary collision factor in 7.3% of accidents in construction zones and only 4.7%
in accidents in non construction zones.

This 56% increase for construction zone accidents due to the influence of alcohol
is a key finding representing about 150 additional accidents in District 7, resulting
in 40 injuries and 1.3 fatalities over the three years of the study.

Speeding is identified as another associated collision factor in 16.6% of accidents
in non-construction zones and 22.4% of accidents in construction zones.

The three “Had Been Drinking” subcategories (“under influence”, “not under
influence”, and “impairment unknown”), increase in frequency by 69.8% in
construction zone accidents (from 5.19% to 8.82%).

Future California Department of Transportation construction safety research should focus
on two approaches — breadth and depth. Breath means to expand the data set. The
TASAS database is a significant research resource for dozens of purposes. With respect
to construction safety, future research should duplicate the analyses of this work but
include all freeways within the state. This analysis would

Eall el

Confirm the findings of this work

Allow comparison of findings across Caltrans Districts

Identify relationships between variables that were not identified in this work
Allow statistical verification of result

Depth means to dig deeper into the current data. Every record in the TASAS database
has a specific accident record associated with it. The accident records are only
summarized in the database. Future research could make use of these records and would

1.

2.

Allow specific understanding of conditions (roadway, traffic, construction, etc.) at
time of accidents

Allow specific understanding of drivers’ thoughts at the time of the accident
Enhance accident chain analyses by using actual case studies (as opposed to
hypothetical cases)



It must be noted, however, that privacy issues associated with use of the records would
need to overcome. Future Caltrans construction zone research beyond the TASAS
database can be accomplished. Rather than focus on the accident after it happens, future
research should also look at near misses. Through documented records of near misses
and / or through the use of stationary video cameras over construction zones, Pareto
analysis of near misses and their root causes can be identified and accidents reduced.

The implementation of the research findings could be immediate value. Itis
recommended that Caltrans use the results of the Pareto charts presented to create
additional accident chain diagrams to supplement the initial diagrams presented in this
work. Based on these diagrams, Caltrans can review existing construction work zone
policies with respect to law enforcement, signage, work hours, etc. and determine if any
additional accident mitigations beyond their current systems are potentially possible.
Timeframes for this implementation could be immediate. Implementation cost would be
expected to negligible since safety analysis of projects and policies is a routine element of
the business of Caltrans.
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ABSTRACT

Recent research has revealed that there are many aspects of the design and construction
of high performance, sustainable buildings (HPSB) that lead to a more hazardous work
environment. As the trend of building ‘green’ continues, it is becoming increasingly
important to understand how injuries can be prevented for HPSBs. One promising
strategy that promotes lifecycle safety on these projects is prevention through design
(PtD). Since sustainable building elements are largely dependent upon the spatial layout,
products, technologies, and methods specified by designers, PtD is a logical technique
that can be used to reduce safety risk for construction workers. The objective of this
paper is to describe a tool that has been created to facilitate PtD on HPSBs. The tool,
created in Adobe Live Cycle, assembles PtD strategies identified in recent research.

Keywords: Safety; Prevention through Design; Sustainability

1. INTRODUCTION

In the past forty years substantial improvements in construction worker safety and health
have been made and safety management has become an integral component of project
management. Among the strategies that have been implemented to prevent injuries,
Szmberski (1997) claims that those that occur during design and preconstruction planning
are most effective. Prevention through design (PtD), also known as design for safety and
safety constructability, has been shown to be especially effective (Behm et al. 2005). PtD
is the deliberate consideration of construction worker safety and health in the design of a
permanent facility, which may involve altering the features of the building so that they
are safer to construct and maintain (Gambatese et al. 1997; Behm 2005; Toole et al.
2006). The process requires that designers consider if (1) the design safe to build; (2)
modifications can be made to permanent features remove potential hazards; and (3) the
plans and specifications be prepared in such a way that promotes site safety and health.
Fortunately, PtD has gained momentum in the past two decades. In fact, in some
countries (e.g., UK, Australia) PtD has become a legal requirement.
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Another trend in the architecture, engineering and construction industry is the increasing
adoption of sustainable building designs and construction practices. The most recognized
green building initiative is the US Green Building Council’s Leadership in Energy and
Environmental Design (LEED). This program provides certification at various levels
using a standardized credit-based system. Since its inception in 1998, LEED has grown to
encompass more than 14,000 projects in all US States, 3.6 billion square feet of
developed space, and is expected to increase to $60 billion in value in the coming decade
(USGBC 2009).

Though the rapid growth of LEED is exciting, there are several studies that have shown a
negative impact of sustainable design and construction on construction worker safety and
health (Rajendran et al. 2009; Fortunato 2010; Dewlaney 2011). These studies have
shown moderate statistical evidence for a higher OSHA recordable injury rate for LEED
certified projects, specific increases in risk and exposure due to the design elements and
means and methods of construction implemented to achieve LEED credits, and
innovative methods that can be incorporated during design and construction to mitigate
these risks. The purpose of this paper is to present the results of a study that attempted to
validate previous research studies and organize the validated results into a user-friendly
tool that can be used to prevent hazards on LEED projects.

2. LITERATURE REVIEW

Literature in two main areas was reviewed to develop context: prevention through design
and the safety and health impacts of LEED design and construction.

Prevention through Design

As previously indicated, PtD has gained momentum in the research community because
of the perceived benefits; however, there are significant barriers to widespread and
successful implementation, particularly in countries such as the US that do not have PtD
legislation. This literature review focuses on the evidence for the viability of PtD, the
identified barriers, and resources available to facilitate implementation.

Effectiveness. There have been a substantial number of studies that investigate the
impact of design on safety and the viability of PtD. These studies are summarized below:
e A study of 100 construction site accidents found that changes in the permanent
design elements would have reduced the likelihood of the accident occurring in 47
of the accidents (Gibb et al. 2004).
e A study of musculoskeletal injuries to construction workers, showed that design is
a strong contributors to working conditions that pose risks of injuries during the
construction process (Hecker et al. 2001).
e Behm (2004) found that the design was linked in approximately 22% of injury
incidents and 42% of fatalities in the study sample.
e 50% of the 71 general contractors responding to a survey of the construction
community in South Africa identified the design as an aspect or factor that
negatively affects health and safety (Smallwood 2004).



Barriers to PtD. In order to effectively implement PtD, it is vital to understand the
barriers to implementation. Once the barriers have been identified, countermeasures,
financing arrangements, and management strategies can be formed. First and foremost,
the OSH Act of 1970, which places the responsibility of construction safety and health on
the employer, almost completely absolves designers from legal responsibility for
construction worker safety. Second, the prevailing project delivery method (i.e., design-
bid-build) financially discourages PtD unless the owner has set aside specific funds for
implementation. Third, there is a lack of construction safety and PtD education and
resources for designers, which makes PtD infeasible even if designers have the best
intentions (Toole 2005). Fourth, a study performed by Gambatese et al. (2004) revealed
that 5 out of 19 designers (26%) cite fear of increased liability as a primary barrier to
implementation.

Available resources. When design firms are willing to invest in the PtD technique, there
are three notable tools available. First, Gambatese et al. (1997) created a design tool, the
DfSH ToolBox, that provides designers with hundreds of specific design suggestions for
improving construction safety and health. Second, the National Institute of Steel
Detailing (NISD) and Steel Erectors Association of America published a document that
provides guidance for detailing for steel construction (NISD 2001). This publication is
unique because it includes a specific section for detailing steel for construction safety.
Lastly, Toole (2005) outlines the process of reviewing for safety. Together, these three
publications provide designers with basic guidance for navigating the PtD process.
Though these decision support systems and guidance documents are helpful, they do not
specifically address the hazards that are unique to LEED projects.

LEED and Safety

Several recent studies have been performed to investigate the relationship between the
LEED and safety. The impetus for these studies was the moderate statistical evidence that
the recordable injury rates were higher for LEED certified projects (Rajendran et al.
2009). Following this original work, Fortunato (2010) identified specific hazards that
resulted from individual LEED credits. Out of the fifty-five applicable credits, he found
that sixteen had an impact on construction worker safety and health when compared to
traditional design and construction. Twelve of these credits involved additional hazards
that increase safety risks, five decrease hazardous exposures, and two credits had mixed
impacts. Subsequently, Dewlaney (2011) quantified the increase or decrease in safety
risks for the credits highlighted by Fortunato (2010) and identified numerous PtD
strategies, specific to LEED projects, which can be used to mitigate risk. Table 1
provides a sample of the design and construction strategies employed to achieve LEED
credit from USGBC (2009) and the safety hazards identified in various literature.



Table 1 — Hazards associated with LEED credits

Design and construction
strategies employed to
achieve LEED credit
(USGBC 2009)

Increased hazards when
compared to traditional designs
and means and methods of
construction (Fortunato 2010,
Gambatese et. al. 2009,
Rajendran, Gambatese 2009)

Specify thermoplastic
polyolefin (TPO) materials
that have a solar reflectance

TPO membranes tend to be heavy,
slippery, and ‘blindingly’ bright
when compared to ethylene

Technologies

potable water (e.g. captured
rainwater, recycled gray water,
on-site treated wastewater)

Heat Island index (SRI) equal to or greater i
Effect- Roof than 78 for low-sloped roofs propylene dl_ene monomer (EPDM)
These material properties were
(slope less than or equal to . i
. found to lead to slips, trips, falls to
2:12) or 29 for steep-slope lower levels, and eye strain
roofs (slope greater than 2:12). ' y
Reduce t_he_use of potable These methods increase in the time
water building sewage by 50% . . .
. . that workers are installing electrical
Innovative through water-conserving . )
) and mechanical systems at height,
Wastewater fixtures or the use of non-

which increase the exposure to falls
from working at height and on
ladders.

PV panels tend to be installed on

Commissioning

activities after systems
performance verification has
been completed.

On-Site Sgﬁg;:%f?ﬁ;i\éogzﬁépv) roof surfaces, which increase the
Renewable ipn frastructure f(?r future time that work with heavy and
Energy . . unwieldy objects is performed near

installation of PV panels. exposed edges

Br%%:s;h:aff n?ﬂﬁ?gg's?gn On-site visitors who may not be

P y gn familiar with the specific means and
Enhanced process and execute additional

methods of construction, increasing
the probability of injury for such
individuals.

3. VALIDATION

To supplement and validate Dewlaney’s (2011) PtD strategies, eleven interviews were
conducted by six independent but well-informed graduate student researchers.
Interviewers were instructed to review (1) the credits that Fortunato (2010) found to have
an impact on safety; (2) the typical design strategies and means and methods of
construction implemented to achieve these credits; and (3) the specific hazards identified
in Table 1. Interviewees were asked to identify PtD strategies that may be implemented
to reduce the risks associated with these credits that are specific to the methods used to
achieve the credit. In other words, the interviewees were asked to identify specific
elements that can be incorporated into design that would be unique to a particular credit.




One-hour interviews were conducted over the phone with four designers and seven
general contractors. Though the focus was on PtD, the research team found from previous
research that contractors have an excellent perspective on how the design affect
construction safety and have novel PtD ideas. Interviewees were selected from contacts
held by the University of Colorado’s Construction Engineering and Management
Program. In this respect, the interview sample can be considered to be a convenience
sample. The interviewees averaged 13 years of industry experience and, collectively, the
group had been involved in a total of 550 traditional projects and over 100 LEED
certified projects. All interviewees were either superintendents or design managers.

The validation effort revealed that the original dataset published by Dewlaney (2011) is,
indeed, accurate but was not complete despite the original convergence. Nearly 90
percent of the original PtD strategies were identified and discussed in the validation
effort. Additionally, twelve new PtD strategies were identified. A sample of these new
PtD strategies is provided, by credit, in Table 2.

Table 2 — Sample PtD strategies from validation efforts

LEED Credit PtD Strategies

Specify high traction roofing membranes. Install
Heat Island Effect- Roof | coverings that reduce brightness for workers during
construction.

Design piping to run in locations with access points that
are easily accessible during construction and maintenance
(e.g., above ground and not in confined spaces).

Innovative Wastewater
Technologies

On-Site Renewable Locate PV panels and other solar collectors away from
Energy exposed openings and edges.

Run basic diagnostics of all the controls and programs
Enhanced before fully loading the system. Avoid need for
Commissioning maintenance and construction work on ladders by locating

filters and controls at lower levels or under floor systems.

Design skylights on curbs or with handrails that assist in

Daylight and Views fall protection for installers and maintenance staff.

4, PREVENTION THROUGH DESIGN TOOL

Once the data from Dewlaney (2011) and Fortunato (2010) had been validated, they were
assembled into PtD tool using Adobe LiveCycle. The user interface was specifically
designed to emulate the LEED scorecard published by the USGBC. This scorecard
includes checkboxes for each of the possible credits and helps owners and design teams
to track the credits earned and level of certification achieved. The PtD tool was designed
to integrate with this scorecard as shown in Figure 1. As one can See, the user simply
checks the boxes for ‘yes’ indicating that the credit will be pursued on the project or ‘no’
indicating that it will not. Once this scorecard has been completed by the user, the system
provides several forms of output based on previous research.
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Figure 1 — Tool Input

The tool has output that can be used by both designers and contractors. The first form of
output includes the typical methods used to achieve the credits selected and the hazards
identified by Fortunato (2010). Second, a module provides PtD suggestions and
construction management strategies, including those identified in the validation study
described here. The output is only provided for the selected credits to ensure that the
feedback is clear and concise. A sample output of the tool is provided in Figure 2, which
shows specific strategies for the LEED credits that are not available in other PtD tools
such as Gambatese et al.’s (1997) Design for Safety ToolBox and subsequent revisions.

It should be noted that not all suggestions will apply to all projects. Rather, the PtD
suggestions apply specifically to the means and methods of construction typically used to
achieve the credit. Thus, a user needs to be aware that the tool may not provide useful
output in cases when new products, processes, or technologies are included to earn a
credit.
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SAFETY RISK MITIGATION TECHNIQUES FOR SELECTED CREDITS

Redevelopment

hazardous substances.
Additional hazards due to
excavating transporting
dangerous substances. Fall
and collapse hazards.

LEED Credit Increased hazards Design for safety mitigation Construction management plan mitigation
strategies strategies
Brownfield Exposure to and handling of | Avoid brownfield sites if possible. Use impermeable plastic liners in beds of

equipment. Wash equipment after use to avoid
contamination spread and reduce exposure.
Adding training and safety planning specific to
tasks involving chemicals. Provide breathing
apparatus and other PPE.

‘blindingly’ bright when
compared to ethylens
propylene diene monomer
(EPDM) These material
properties were found to
lead to slips, trips, falls to
lower levels, and eye strain.

brightness). Adjust top's reflectivity.
Include dull peel-off cover that could be
prefabricated onto the TPO to lessen
brightness and provide traction-
recyclable material that would be
removed and disposed upon completion
of roof work. Texturize surface or include
maore rubber walkpads on high traffic
areas.

Stormwater Increased exposure to on-site | Design detention ponds with vertical Pre-construction planning: avoid concurrent
Quality Control | excawvation and trenching cuts simliar to a "zero-entry pool” (i.e. activities near excavation (sequencing and site-
specifically with the use of gradually sloping entry in manner of layout planning). Schedule excavation to limit
on-site detention ponds used | natural beach). Ensure proper sloping in | exposure. Use combination of flagging,
to achieve credit, which may | design for safety of workers. barricades and signage. Ensure accuracy of as-
increase the number of falls built documents and adequate utility surveying
and trench collapses. (potholing).
Heat Island TPO membranes tend to be Specify tan or light grey membranes (still | Mandatory break rules. Ensure tinted eyewear.
Effect- Roof heavy, slippery, and achieve high SRl but lower glare and Provide warning signs at entrance to roof.

Purchase higher number of smaller rolls from
supplier to reduce weight and therefore
minimize overexertion. Also, contractor may
provide temparary walkpads if not in design.
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Figure 2 —Tool output

S. APPLICATIONS AND RECOMMENDATIONS

The validation results and PtD tool presented in this paper can be used by practicing
professionals to support PtD efforts on LEED projects. Such safety interventions are
particularly important for LEED projects because they have been shown to include
additional risks and increased exposures to known hazards (Rajendran et al. 2009;
Fortunato 2010). The tool described has output that is useful to architects and engineers
who design and specific ‘green’ building components and the contractors who must

respond to the building’s design.

The writer recommends that this tool be designer controlled when it is implemented on
active projects. Ideally, a designer will use this tool as part of an iterative process as
credits are selected for implementation. A designer could select an initial group of credits
based on architectural and economic preferences and use the tool to evaluate the safety
impacts. The user could then consider safety as a competing criterion along with
aesthetics, cost, time, etc. when final decisions are made. Once credits are selected, the
design firm can consider implementing the PtD strategies suggested by the tool to
mitigate hazards. Finally, once technologies, products, and construction methods are
specified, the contractor could use the tool to identify the best safety strategies to manage
the hazards associated with the selected credits.




Future research is warranted to continually improve the tool as new methods are
introduced to improve building performance. Additionally, researchers may wish to pilot
test the tool on active projects to determine the perceived benefits and shortcomings.
Finally, additional research is needed that investigates the lifecycle safety impacts of
sustainable high performance buildings so that impacts to suppliers and maintenance
workers can also be considered.
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Abstract

The use of construction equipment has been identified as a major contributor to
occurrence of accidents in construction industries in Nigeria. This results in fatal and
severe injuries leading to huge financial losses. In this study, safety practices in the use of
construction equipment were investigated. Data were collected on injury and accident
occurrence on the use of selected equipment from four multi-national construction
companies with organized safety programmes. The commonly used construction
equipments investigated are bulldozers, graders, excavators and pay loaders through the
use of structured questionnaire, interview, technical checklist and physical observation.

Four causes of accidents were identified as equipment design, maintenance,
human/personal factors and work issues. Classical statistics, chi- square and ANOVA
were performed on the data collected. The results showed that majority of the equipment
being used are of age. It was also found that inadequate Protective Personal Equipment
(PPE), low literacy level of operators, excessive overtime, inadequate safety training,
inefficient work supervision and poor maintenance culture are prevalent in all the
industries considered. The safety practices in the four companies exhibit similar traits.

It was concluded that safety regulation enforcement is essential to prevent alarming
accident occurrence in construction sites.

Keywords: Safety, Equipment, Construction industry, Accident, Injury.
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1. Introduction

Occupational health and safety (OHS) is a multi-disciplinary field concerned with
protecting the health, safety and welfare of workers engaged in employment. The goal of
OHS programs is to foster a safe working environment by protecting the health and safety
of workers and other members of the public who are impacted by the workplace
environment (Wikipedia, 2010).

The rate of industrial growth and development is directly proportional to the increase in
the use of mechanical equipment in most countries today. Most industries, especially the
construction industries make major and frequent use of mechanical equipment. This is
associated with resulting mechanical injuries and fatalities.

The construction industry has certain peculiarities among which are the facts that work is
carried out in the open and subject to the vagaries of weather (Newcombe et al., 1988;
Fellows et al., 1990). Owing to the uniqueness and complexity of the industry, it has a
high rate of accidents, and this constitutes a constant drain on the industry’s scarce
resources (Oyediran, 1989; Illingworth, 1993).

Attempts to change the safety culture in the construction industry has been an uphill
struggle and of limited success for a number of reasons. The approach has been to
legislate, to provide training to end users and to endeavour to improve the safety culture
on sites (Roughton, 2002). In addition to these, a longer term strategy for reducing these
accidents would be to design inherently safer machinery and to evaluate the safety
condition before putting machinery into use in order to reduce the risk of accidents. It is
expected that this will require a change in the safety culture and a greater awareness of
the human factors pertaining to mechanical design. If human factor issues are properly
accounted for, then the resultant designs will provide a best fit to all the circumstances of
human use (and misuse), providing a safer environment, resulting in a fewer accidents
(Crabb, 2000).

Several researches had been done on accidents in the construction industry (Sidwell,
1983; Oyebuchi, 1990; Raheem and Wabara, 2001; Raheem, 2004; Adebiyi, 2009).
These studies considered activities on construction sites (for buildings and road
construction works) and the likely accidents the workers may be involved with. The
present study is particularly interested in accidents that are related to the use of
mechanical equipment which are a must on construction sites especially the large ones.

Over many years, a great deal of effort has gone into reducing the number of injuries and
fatalities as a result of use of mechanical equipment (Gardner, 1999). Researches and
initiatives from all sides of the industry have produced a long-term reduction in the
number of injuries and fatalities; but recently their effects have diminished and numbers
of deaths have even risen.



The safety of a worker also involves his/her good health (Gibson, 2002). A healthy and
contented work force gives back to the employer, a number of very tangible benefits in
terms of high productivity, high product quality, lower rate of absenteeism, fewer
disputes and increased loyalty and a stable workforce which also means less training
expenses for new staff (Akpokoje, 1998). Many people already recognize that good
health and safety is not only morally right, but also makes good business sense.

International agencies, nations, private and public organizations have been investing
enormous human and material resources on construction safety (Wikipedia, 2002). In
construction industries, the use of mechanical equipment is involved and of course,
injuries resulting from such equipment can be very fatal and severe. The importance of
safety therefore, cannot be overemphasized due to the fact that accident, no matter how
minor it may be, will definitely have negative effect on productivity and output. Thus in
any industry such as that of construction where financial, mechanical and human inputs
have been invested, there is need for safety evaluation in order to effect a desirable
output. This study therefore investigates the safety practices in the use of mechanical
equipment in construction industry with express purpose of evaluating the level of safety
programme in the industry.

2. Methodology

For the purpose of this study, data on some selected mechanical equipment — related
injuries were collected from selected construction industries in Oyo, Kwara and Lagos
states in Nigeria. The mechanical equipment investigated is the most widely used
equipment in the industry. These were mainly earth-moving equipment such as
bulldozers, graders, excavators and pay loaders. In the survey, injury data over a period
of five years was collected with the aid of structured interviews, questionnaire,
documentation and technical checklist.

Structured Interviews

Interviews were conducted with varying responses from workers ranging from the project
manager to the operator. The interviews involve using mostly, open-ended questions
which allowed detailed and qualitative information to be collected, that supplemented and
in some cases clarify data collected by the questionnaire and technical checklist.

Documentation
Records were collected from industries usually from the human resource department. The

record includes — nature of mechanical equipment injuries, operator’s age, experience and
literacy, maintenance interval and availability of personal protective equipment (PPE).



Technical Checklist

A technical checklist was used to rate the mechanical equipment observed in each
workplace. The checklists assessed were:

0] Machine / equipment and tool design

(i) Machine guarding

(iii)  Personal protective equipment

(iv)  Site environment

Questionnaire

Self administered questionnaires were given to managers for distribution to employees.
Completed questionnaires were returned. The questionnaire employ Likert scale, ranging
from 1 (strongly agree) to 5 (strongly disagree) which indicated respondent agreement
with each item.

The questionnaire was in four different sections, each indicating what could be
responsible for cause of accident in the industry. The sections are explained as follows:

Machine Design. This section had a number of questions trying to clarify whether the
causes of accident usually experienced were as a result of the machine design.

Machine and Equipment Maintenance. This section contains questions which were
used to determine the relationship between injuries and accidents witnessed and the
maintenance practices on mechanical equipment.

Human Factors. This section evaluates the unpredictability of human attitude,
behaviour and response as related to safety in industries.

Work Issues. This section contains questions which determine how external factors
affect safety in industries.

Four hypotheses were formulated to measure the effect of the above four factors on the
safety of mechanical equipment. The null hypotheses and the alternative hypotheses are
based on the four factors being considered as follows:

Hla: Present machine design is adequate for the safety of mechanical equipment.
H1b: Present machine design is inadequate for the safety of mechanical equipment.

H2a: Present maintenance level is adequate for the safety of mechanical equipment.
H2b: Present maintenance level is inadequate for the safety of mechanical equipment.

H3a: Present human/personal factors are adequate for the safety of mechanical
equipment.

H3b: Present human/personal factors are inadequate for the safety of mechanical
equipment.



H4a: Work issues do not affect the safety of mechanical equipment.
H4b: Work issues affect the safety of mechanical equipment.

3. Analysis of Data

Of the 200 questionnaire that were distributed to operators of earthmoving equipment in
the four construction companies, 165 completed questionnaires were returned
representing 82.5% response rate.

The data collected from each construction industry were analysed and entered into
contingency tables using the chi-square (x?). The null hypothesis was tested whether to
be accepted or rejected at a particular probability to arrive at a reasonable conclusion.
ANOVA was performed to assess the variability in the results obtained from the four
construction industries investigated.

4, Results and Discussion
Number of Mechanical Equipment Injuries

Of the 165 people who returned questionnaires, 73 (44%) reported that they had
experienced an injury while 92 (56%) said that they had seen someone else injured.
There were differences in the way these questions were answered, because some viewed
some injuries as minor compared to others and therefore chose not to account for such. It
was observed that most responses are not genuine enough as the respondents view the
true response as threat to the work. This shows the level of poverty and insecurity of jobs

Nature of the Mechanical Equipment Injuries Reported

Through the oral interviews and the self-administered questionnaires, 124 incidents of
injuries were reported. In 23 cases, the interviewee could not recall the nature of injury.
For the 101 accidents, for which the nature of injury was recalled; open wounds were the
most common injuries (63), followed by crushing (22) and amputation (12).

Factors Associated with Mechanical Equipment Injuries

Operator Age and Experience. The mean age of workers that are allowed to operate
machines in all the companies observed was found to be 26.5 years. The number of
experienced workers was also very minimal as the management of these companies
makes too much frequent changes in machine operators. Of the 165 operators who
retuned questionnaires, only 30 have worked for a particular company for more than 10
years. There was a strong correlation between the operator age and experience as well as
the frequency of mechanical equipment injuries. Companies with higher average age and



higher level operator experience had lower number of accidents as viewed from the
accident records of the various companies.

Operator Literacy. Of all the 165 operators interviewed, none has a tertiary education.
Very few of the operators completed their secondary education. Most are either primary
or secondary school drop-outs. Some did not even have any form of education. There
was a great link between the level of operator literacy and the mechanical equipment
injuries encountered.

Machine Age and Model. The mechanical equipment in the various companies were
examined and checked. Enquiries as to the age of machine (from manufactured date), the
years of usage (years for which it has been involved in continuous use) and the condition
of purchase (new or used) were made. Of the companies visited, 192 various types of
earthmoving equipment were in constant use. Enquiries showed that the average age of
machines was 35 years. The average years of use of the machines was found to be 15
years. It was observed that most of the machines used are old models of between 1976
and 1984. The latest model of earth moving equipment found in use was 1998 model. It
was gathered that new models are too expensive and requires high level of technological
know-how which may not be readily available in the country.

Machine Design. A large proportion of machines observed were poorly designed. Of
the 192 numbers of machinery examined. 150 (78%) were rated as having poor design
for safety, 25(13%) were rated as having satisfactory safety design and 17(9%) were
rated as having good safety design.

The most serious design problems identified were the lack of emergency stops, absence
of guards for rotating parts including gears, wheels shafts and spindles. The companies
having the best machine design tended to have the lowest number of mechanical
equipment injuries.

Machine Guarding. Of the 192 machines observed, 171 (89%) were considered to
require guards on account of exposed moving parts and other hazards but only 95(50%)
require guards actually on them. However, there was no significant correlation between
the existence of guards and the number of accidents reported. Some of the machines with
guards have the guards being poorly designed.

Guards were frequently removed; the most common reason given for removal was that it
was difficult to do the job with the guards in place. Several tasks were observed where
the work necessitated removal of guards. Employers and employees discussed the
difficulty they had finding or making new guards for old machines which were not built
with guards.

Maintenance of Equipment. Of the 192 pieces of equipment checked, 88(46%) were
rated as being in poor condition, while 104(54%) were rated as having satisfactory or
good condition. This data was supported by questionnaire findings regarding
maintenance. Machine condition was significantly associated with the number of



mechanical equipment injuries. The extent of use of machines is also a very important
factor considered. Machines used beyond their working limits or used inappropriately
are more likely to develop faults which may affect the occurrence of accidents. It was
also reported that when low grade machine parts are used to replace worn out ones, such
results into faulty machine operation which often caused accident in construction
companies. Companies which use adequate machine parts and does not work the
machines beyond their limit tended to have low injury frequency.

Personal Protective Equipment (PPE). During the examination of the workplace,
items of PPE were assessed. It was also noted whether or not workers were actually
wearing PPE. There was significant correlation between the condition of PPE and the
number of mechanical equipment injuries reported. Results from interview revealed that
the managers find it difficult to make employees wear PPE. Employees on the other
claimed that necessary PPE were not provided for by the management. It was however
observed that only few apprentices make use of PPE, while experienced employees were
working without PPE. Some workers also claimed that the use of PPE makes them
uncomfortable and inconvenient.

Respondents report of causes of accidents

The respondents report based on completed and returned questionnaires were also
analyzed using the chi-square (X?) method of analysis. Tables 1, 2, 3 and 4 shows the
descriptive and independence statistics of raw scores of factors in the four companies
examined. The tables give the mean value, the calculated and table value of chi-square
(X?) for each company under the four factors considered as the possible cause of
accidents.

Table 1: Descriptive and independence statistics for Company 1 (n = 42)

2
Factors Means X? (calculate) X (?B(I)ejo\galue)
1 Machine Design 2.33 551.18 36.42
2 Maintenance 1.99 612.99 40.11
3 | Human / personal factors 2.88 475.68 47.44
4 Work issues 2.87 230.34 25.00
Table 2: Descriptive and independence statistics for Company 2 (n = 56)
2
Factors Means X? (calculate) X (tsggéo\galue)
1 Machine Design 2.16 550.18 36.42
2 Maintenance 2.10 516.20 40.11
3 | Human / personal factors 2.81 338.44 47.44
4 Work issues 2.88 236.84 25.00




Table 3: Descriptive and independence statistics for Company 3 (n = 32)

X2 (table value)

Factors Means X? (calculate) 0<0.05
1 Machine Design 2.31 190.67 36.42
2 Maintenance 2.30 505.86 40.11
3 | Human / personal factors 2.42 134.70 47.44
4 Work issues 2.50 60.85 25.00
Table 4: Descriptive and independence statistics for Company 4 (n = 35)
2

Factors Means X? (calculate) X (?B(Ifo\galue)
1 Machine Design 2.10 112.56 36.42
2 Maintenance 2.00 114.42 40.11
3 | Human / personal factors 2.46 114.86 47.44
4 Work issues 2.52 72.00 25.00

Considering the calculated values and table values of chi-square (X?) obtained at 5%
level of significance for the factors, for all the four companies, the calculated values
exceeds the table value. All the null hypotheses will therefore be rejected while the

alternative hypotheses will be accepted.

The mean of values obtained for the factors of the various companies also shows that
based on machine design and maintenance, the mean approaches the value of 2 while for
human / personal factors the mean approaches the value of 3.

The following set of figures shows the model for the four companies with their mean

values expressed as percentage.




Machine design

Maintenance

| Human/personal factors

Work issues

Safety of mechanical
equipments

Fig. 1 — The modified structural model of Company 1 with the mean of each factor
expressed as  a percentage.

Machine design

Maintenance

| Human/personal factors

Work issues

Safety of mechanical
equipments

Fig. 2 — The modified structural model of Company 2 with the mean of each factor
expressed as  a percentage.
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Machine design

Maintenance

| Human/personal factors

Work issues

Safety of mechanical
equipments

Fig.3 — The modified structural model of Company 3 with the mean of each factor
expressed as a percentage.

Machine design

Maintenance

,| Human/personal factors

Work issues

Safety of mechanical
equipments

Fig.4 — The modified structural model of Company 4 with the mean of each factor
expressed as a percentage.

The analysis of variance (ANOVA) of the results for the four companies is presented in
Table 5.
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Table 5: ANOVA of the results of the four companies.

Source of error Sum of Va'r lance Df F (cal) F (table)
squares estimate

Between the group 94.61 31.53 3 0.4137 3.49

Within the group 820.14 76.23 12

Total 914.75 15

For ANOVA, the following hypotheses were proposed:

Ho:  there is no significant difference between the data obtained from the four
companies.

Hi:  there is significant difference between the data obtained form the four companies.

From Table 5, the value calculated for ‘f” is less than the table value obtained for ‘f” at
5% level of significance. Consequently, the null hypothesis Ho will be accepted and the
alternative

hypothesis (Hy) will be rejected.

5. Discussion

The study shows that machinery in construction companies were generally old, damaged
and not well maintained. Most of the machineries assessed had poor or non-existence
safety features, particularly relating to guarding and emergency stops. Lack of safety
features was related to the age of the machinery. Older equipment was often
manufactured without safety features and as machines became older, guards were more
likely to be lost or damaged. Although for some machines, low cost guards could be
devised which would not hinder operation, often improving the poor design features or
adding guards would not be a cheap or easy exercise.

Guards were frequently removed, the most common reason given by respondents was
that it was difficult to do the job with the guards in place and several tasks were observed
where the work piece was not suitable for the machine or necessitated removal of guards.
The study also indicated that personal protective equipment was not in full use in
construction companies. The main reason given by the respondents was inadequacy of
the PPE and the discomfort available ones cause.

The interviews conducted with managers of the construction companies indicated that
new and improved models of machines are now being manufactured with high safety
standards. Such machineries are however not in use in these companies because they are
very expensive and also require high level of technological know-how for their operation
and maintenance, which may not be readily available in the country. The literacy level of
operator also does not support the use of more sophisticated machinery.

Poor machine condition was perceived by interviewees to be one of the most important

causes of mechanical equipment injuries and observation of machine condition confirmed
this is a major problem. The age and condition of the machineries used in construction
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companies also contribute to machine malfunctions which in turn lead to unsafe
conditions. There were also indications that most of the machineries purchased are
second hand.

The analysis of questionnaire using the chi-square (X?) also shows on the average for the
four companies that the present machine design, maintenance level, human/personal
factors and work issues in the companies are not adequate enough and does not
encourage safety. The mean of the factors expressed as a percentage shows that for
machine design and maintenance, the rating is still at the average (between 50 — 60%)
while human /personal factors and work issues are still satisfactory (60 — 70%).

Finally, the ANOVA analysis shows that the data obtained from the four sample
companies are very similar reflecting that almost the same approach is given to safety in
the companies.

6. Conclusions

The study evaluates the safety of mechanical equipment in four construction companies.
With reference to the results obtained, the following conclusions can be drawn:

Q) Old machineries whose design still poses safety threats are in use and
therefore create an unsafe environment in the workplace.

(i)~ Maintenance culture in construction companies is still not adequate in the
country. With increased maintenance level, the workplace environment
will be made safer.

(iii)  Safety of mechanical equipment greatly depends on human factors relating
to its operation and use. Non adherence to the safety regulations
pertaining to the use of mechanical equipment is one important factor
responsible for the unsafe condition in workplaces.

(iv)  Pressure on operators and inadequate safety awareness programmes by the
management also influences the continued unsafe conditions in
companies.
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Abstract

Premanufacturing (or industrialization) is a contemporary trend in residential
construction, one important aspect of which is the use of panelized walls (aka panels) that
are generated by a designer. While this approach provides increased efficiencies, the
centralization of design provides an opportunity to promote ergonomics in the design
process and is critical given the physical demands involved in building with panels.
There are also opportunities for even greater efficiencies (e.g., reduced safety & health
costs, increased productivity) and effectiveness (e.g., fewer incidents and injuries). We
have developed a prototype decision support system (DSS) for panelized design and
construction. This software system facilitates a more proactive approach to ergonomics
in panelized construction, consistent with the philosophy of prevention through design
(PtD). A primary advantage in our approach is the inclusion of both ergonomics and
productivity as fundamental components that are both improved. As such, it addresses
the need to support the economic and/or business case for PtD, specifically by providing
information relevant to necessary financial considerations in decision-making and an
understanding of the financial implications of PtD. The DSS logic can be expanded to
other circumstances within and beyond construction in which a central designer or design
process exists.

Keywords

Ergonomics; prevention through design; lean; residential construction

1. Introduction

Compared to the general workforce, occupational injury rates are high in construction,
and this sector accounts for ~10% of all non-fatal occupational cases requiring days away
from work (BLS, 2009). Roughly 20% of these were attributed to overexertion and
repeated motion, and work-related musculoskeletal disorders (WMSDSs) overall are more
common in the construction industry than in any other sector except for transportation in
the U.S. (Weinstein et al., 2007). Occupational injury costs are particularly high in
residential construction and among laborers and carpenters. When examined by the
nature of injury, muscle strain is identified most frequently among all other mechanisms,
and except for minor injuries, the back and shoulders are by far the most frequent sites of
injury (Dement and Lipscomb, 1999; Waehrer et al., 2007; Lipscomb et al., 20083, b).
Hence, ergonomics issues are particularly relevant in residential construction.

Controlling WMSDs in construction involves several particular challenges (e.g., Vedder
and Carey, 2005; Ringen and Stafford, 1996; Forde and Buchholz, 2004), which as a
whole may account for why the construction industry has been somewhat slow to address
ergonomics issues. While the industry is complex, it is not unique either in terms of the
potential benefits from incorporating industrialization and reducing ergonomic exposures,
both of which can be obtained through improved design.



Indeed, Prevention through Design (PtD) — aka Construction Hazards Prevention through
Design (CHPtD) and Designing for Construction Safety (DfCS) — has received increasing
attention as a means to reduce safety hazards. A primary goal is to encourage designers
and architects to consider safety early in the project life cycle (e.g., Behm, 2008; Schulte
et al., 2008; Toole and Gambatese, 2008). While roles for contractors and employees
later in the life cycle are still acknowledged, PtD is justified by the lost opportunities
when interventions are considered only later in the life cycle (e.g., Fadier and De la
Garza, 2006). Safety in (construction) design has been promoted and studied in the
construction industry by several groups, in which primary attention is given to
eliminating hazards through changes in work practices, substitution, or redesign
(Gambatese and Hinze, 1999). Our approach (described below) is consistent with this
concept, but focuses on ergonomic concerns (i.e., exposures and risks).

Given the potential for design impact in safety (and arguably ergonomics), it is
unfortunate that there is not more substantial designer involvement, and several
explanations have been identified (Gambatese et al., 1997; Gambatese and Hinze, 1999;
Hecker and Gambatese, 2003). Generally, construction designers have limited education
and experience related to construction processes and safety, and comparable results have
been reported with respect to ergonomics (Kim et al., 2008). One particular barrier is the
lack of tools or guidelines (Gambatese et al., 2005). Though such tools exist, most of
which address safety hazards related to acute trauma (e.g., falls), they do not include
ergonomic issues, however, and none address aspects related to production.

2. Panelized Construction

Our efforts to facilitate ergonomics in residential construction design are focused on the
development of a PtD tool to enable designers and other decision-makers to incorporate
ergonomics (and production) issues into their design process for one aspect of residential
construction. We have focused on construction using panelized walls because of the
complexity of the construction process, increasing adoption of panelization, and existence
of a central designer. In contrast to traditional stick-built walls, panels arrive at the work
site more completely assembled and are typically delivered on pallets containing 15-40
panels stacked 1-3 meters high. A panel designer, working from an architect’s drawing,
specifies panel sizes and several aspects of preassembly. A carpentry crew then transfers
and erects the panels at required locations on site.

Existing evidence suggest that panelized construction reduces construction time, material
use, waste, and labor and material costs, and the need for skilled labor (NAHB, 2009;
SBCA, 2009; Shepard, 2000). While the panelized approach provides clear savings in
many areas, present construction methods may also result in greatly increased risk of
worker overload and injury (Kim et al., 2011). Since panels are produced in a factory,
production- and transportation-related objectives are typically employed. As a result,
panels can be either too large for workers to handle, or too small, resulting in increased
material handling. Further, since the current approach involves a separation between
design and onsite activities, process efficiency is not as high as it could be otherwise.



3. An Approach to PtD in Panelized Construction

Our approach encompasses panel design and all downstream activities up to and
including on-site construction. These activities include determining how panels will be
arranged into stacks for delivery to the job site, when stacks are to be shipped, where they
are to be placed on arrival, what tasks should be used for each panel, which workers
should work on each panel and when. Thus, we have a sequence of related design and
planning problems to solve, and implement PtD at each step of the process. Broadly, two
approaches are possible: (i) model mathematically and attempt to solve optimally, or (ii)
develop approximate solution methods (heuristics) and use computer simulation to
generate alternative, feasible solutions. Mathematical models explicitly considering the
human worker are almost nonexistent, due to the inherent difficulty in predicting human
motion and behavior. Additionally, preliminary mathematical modeling efforts have
shown that the problems are both too complex for accurate solution and too large for
optimal solution in reasonable amounts of time. Thus, we take the second approach
involving heuristics and computer simulation.

The problems of designing panels, determining how they are to be erected, and
controlling the construction processes are very similar to product design, process
planning, and operations planning in the manufacturing industry. The latter have been
widely studied, and heuristic solution methods (many incorporating computer simulation)
are well established. In product design, for example, design-for-manufacture/assembly
(DFM/A) has been used for many years to design products that are easy for workers to
fabricate and/or assemble. Typically, a set of DFM/A “rules” (heuristics) are invoked
during product design and used to guide the design process. Computer-automated
process planning (CAPP) has been available since the mid-1980s to automatically
generate process plans in specific manufacturing applications. One method, generative
process planning (GPP), utilizes a set of sequential decision rules for generating process
plans automatically, based upon the product drawing. In many manufacturing facilities,
production is controlled by local decisions based upon rules that have been shown to
perform well. One excellent example is the use of dispatching rules, whereby workers
select the next job to run at their machine in real-time, based upon pre-specified criteria.
Each of the noted manufacturing problems has been successfully addressed using
heuristics. In a similar manner, we are developing a set of “design-for-construction”
rules (heuristics) for panelized residential construction.

A decision-support system (DSS) is the best choice for the above approach since multiple
users will be involved during different PtD activities and users will require the ability to
test various alternatives and adjust final solutions. To evaluate a given set of rules for a
particular building, the resulting construction process is simulated on a computer. Data
obtained from laboratory-based experiments are used to generate predictions of
ergonomic risk (e.g., of a low-back disorder) when that construction process is employed.
While it is possible to generate such risk predictions directly via computer simulation,
such methods do not general reasonable levels of accuracy except under limited
conditions. Thus, laboratory-based data is believed to be the best choice for generating
estimates of ergonomic risk associated with a given construction process.



In addition to using computer-based simulation to evaluate the construction process, we
also use it to generate a three-dimensional simulation animation of the process. This
animation can aid construction designers, managers, and others in visualizing how a
given structure is to be erected in the field. Such visualization not only improves
understanding of the process, but aids in subsequent evaluation and decision-making.

Use of simulation animation for this purpose is well established in manufacturing, but has
only recently been seen in the construction domain. In construction planning,
implementation of PtD will be greatly facilitated through the use of tools that aid the
visualization of hazards (Gambatese, 2008).

Overview and Preliminary Results

Overview of the DSS. Given the building plan (blueprint) for a home, we divide the
required decision-making into three steps. The first is concerned with establishing the
panelization design, i.e., what panels to employ (dimensions, quantity of and location of
openings) for a given plan. Next, we establish the stacking plan, which involves how
panels are to be arranged into stacks, the stack delivery locations, and the stack delivery
sequence. Finally, we generate the construction plan: how panels are sequenced for
construction followed by which construction tasks are to be used and which workers
perform which tasks.

To establish how good a particular solution (panelization design, stacking plan, and
construction plan) is, three measures are employed: 1) some aggregate measure of
overall ergonomic risk, 2) the quantity of workers used, and 3) total construction time.
The overall objective in design and planning is to minimize one of the three measures,
subject to specified constraints on the other two. Thus, ergonomic aspects are considered
directly in formulating the panelization design, stacking plan, and construction plan, an
approach that should improve worker health, safety, and performance (van der Molen et
al., 2005). Previous efforts to develop computer-aided software tools for construction
planning have separated ergonomic aspects from construction planning and scheduling.
However, our goal is to address ergonomics in both design and planning, consistent with
the PtD concept and approach.

We assume that a finite set of alternative materials and configurations are available for
panelization and that a finite set of generic construction tasks are identified and
quantified with respect to ergonomic exposures (e.g., postures, spine loads) and
performance (e.g., task time). Furthermore, the generic construction tasks and exposures
are used to predict ergonomic risk (e.g., of a low-back disorder) and performance for any
particular construction task and panel definition.

We employ heuristic (approximate) solution methods and then simulate the entire
construction process, from panel stacks arriving at the construction site through
completed construction of the panelized building. Such simulation has been shown to be
an effective technique to evaluate decision-making on construction sites (Shi, 2003;
Gambatese, 2008). Detailed output (ergonomic risks, worker utilization, etc.) is
generated from the simulation, and a simulation animation allows the user to “see” the
construction process in action and assess, for example, how the workers must work



together and how the various construction tasks are performed. Of note, while the
construction tasks for each panel and construction schedule are established as part of
construction planning, simply providing these items to workers and expecting them to
follow them is not the intent. Workers may be unable and/or unwilling to work in this
manner or tasks may be short and numerous enough that time is wasted checking the
schedule. Additionally, emphasizing adherence to a rigid construction schedule can
result in reduced productivity and quality, such that the actual schedule benefits may be
barely worth the effort. Our approach is to instead provide workers with a set of
construction rules; when followed, the rules result in the desired assignment of
construction tasks and construction schedule. (Note that our approach, including the use
of construction rules, does not rely on English fluency among workers, but does assume
that an accurate translation is available and that the rules are transmitted and employed.)
Our approach also has the advantage of allowing workers (and supervisors, contractors,
designers, etc.) to react to changes and unplanned contingencies that might quickly
invalidate plans made in advance.

In practice, each of the involved parties (panel manufacturer, transport company,
contractor) can use the DSS to establish the design rules to use for their associated
activity (panelization, stacking, and construction). These design rules can either be
completely specified by the users or a small subset can be provided and the DSS will
select the rest automatically (to minimize overall ergonomic risk, the quantity of workers
needed, or the total construction time). Either way, the results are used as follows. The
panelization design and stacking plan are provided to the panel manufacturer and
transport company (if an external agent is used), so that panels can be manufactured and
delivered accordingly. Construction rules are provided to the job site and communicated
to the workers, who then perform their own decision-making during the building process.
To check that construction is proceeding according to plan, the construction schedule can
also be provided.

Exposure and Risk Assessments. We use relatively high-fidelity lab-based task
recreations (mock-ups). By assessing exposures in the lab, detailed measures of exposure
can be obtained that would have been quite difficult to gather in the field. Note that
exposures here refer to contact with risk factors associated with WMSDs (e.g., postures,
forces). The lab studies are designed to achieve two goals. First, tasks are reproduced
with a reasonable level of detail and accuracy. Only the fundamental tasks identified
from field observations are included, as these were identified as the most physically
demanding. Alternative methods used by actual workers are included (e.g., horizontal
and vertical lifting), with the final set of tasks based on observed frequencies. Second,
exposures are measured to facilitate subsequent ergonomic risk assessment. Lab-based
measurements provide the necessary input to these tools, but also fairly extensive
additional information to anticipate future risk assessment tools. Multiple and diverse
ergonomic risk assessment methods are available, where risk assessment refers to the
qualitative or quantitative value of risk associated with a given task. We have
incorporated a set of existing tools in the DSS to achieve three ends, specifically ease of
implementation, common use, and relevance to panelized wall erection. These methods



are not intended as complete, but rather as broad and representative of both application-
oriented and research-based tools.

Preliminary results indicate potential implications for panelized design, and support the
need for the DSS (or a similar system-level approach to CHPtD). WMSD risks
(specifically for low back injury) were quantified for several fundamental panel tasks
(lifting, carrying, erecting, and moving) and using several panel sizes and weights (Kim
etal., 2011). Such risks were quite high overall, with the majority of tasks and conditions
imposing unacceptable levels of risk. Initial vertical panel placement, size, and weight
had the most consistent and substantial effects on risks. In addition, use of an additional
worker consistently reduced risks across several panel sizes and weights, though the
benefits differed substantially depending on the specific tasks performed. While such
findings indicate potential control approaches (e.g., use smaller panels and more
workers), they may adversely affect productivity. A more systematic approach,
facilitated by the DSS, will thus be needed to address ergonomic and productivity jointly.

Panelization Construction Design and Planning Algorithms

The overall design and planning process for panelized residential construction can be
divided into three closely related problems: panelization, stacking, and construction
planning. Our approach is based upon lean manufacturing and stems from several
fundamental concepts:

e Stacking is based upon build order. In other words, the “top” panel of each stack is
always the next one needed/used. Workers no longer slide panels off to the side or
onto the floor to get to the panel they need. Only those panels being worked on are
out of the stack, and the work area is kept neat and tidy (lean principle: 5S). This
accelerates construction and also eliminates safety hazards resulting from panels
left lying on the ground or tipped against walls.

e Once a panel is removed from a stack, it is processed in one continuous operation
(barring a change of workers) until it is fixed at its final position (lean principles:
one-piece flow, minimize setups).

e Workers involved with a given panel can change between construction tasks (e.g.,
from lifting the panel off the stack to carrying it) to best suit the requirements of a
given panel/task combination (lean principle: shojinka).

e Connectivity is maintained to the extent possible — each panel, save the first, is
preceded by > 1 connecting panels. This simplifies positioning and minimizes the
need for temporary bracing of stand-alone panels; thereby panels are installed
quickly and correctly the first time (lean principle: jidoka).

e Assingle build pattern is used (e.g., left-to-right and front-to-back), as much as
possible, to avoid workers being trapped or boxed-in.



e Upon delivery, all stacks are dropped off along the same edge of the structure
("dropping edge”).

Panelization. Panelization consists of “breaking up” the walls or dividing them into
panels. The process employs three parameters: stud spacing, preferred panel length, and
maximum panel length. Based upon these parameters, walls are divided into panels. The
build direction is taken into consideration to ensure smooth construction in the field and
to minimize ergonomic impact. Of note is that the panelization plan (and hence stacking
formulation, construction sequence, etc.) varies with build direction. Thus, a panelization
plan is created for each feasible build direction (input by the user). Remaining problems
are then solved for each panelization plan, and the best overall solution is selected.

Stacking. A heuristic method employing a staged approach has been developed for
stacking. In brief, we divide the building into zones running parallel to the dropping
edge. Each zone has an unload area along the dropping edge — where panels can be
unloaded from a stack without interfering with any finished panels — and one or more
associated build areas. Stacks are dropped off at each unload area in turn. Panels within
the associated build areas then form a continuous build sequence (and connect with the
previous build areas). Once zones are established, the corresponding build area panels
are assigned to stacks by moving through the build areas according to the build direction
and selecting panels based upon their final location in the build area. This approach
ensures that panel connectivity is maintained as much as possible and that a feasible build
sequence results. Stack locations and delivery sequence are automatically generated, and
the results minimize move distances for panels within each stack. Delivery of select
stacks can be overlapped, if desired, to allow two stacks to be worked on simultaneously.
Compared to the traditional approach (fill stacks as much as possible to minimize trips to
the worksite), our methods can yield a larger quantity of stacks, each filled to a lesser
extent. More trips are not a necessary outcome, however, as multiple, partially filled
stacks can be loaded onto the same truck. Computational evaluations have indicated that
our current algorithms, compared to current methods (using commercial software and
manual adjustments), can concurrently reduce the number of stacks and material handling
requirements (i.e., weighted distances).

Construction Planning. The stacking heuristic assigns panels to stacks to maintain
connectivity and provide a feasible build sequence. Thus, no on-site construction
sequencing is necessary. To get each panel from its initial location/orientation on a stack
to its final location/orientation in the building, a sequence of construction tasks is
required. These are based upon a construction task taxonomy developed from analysis of
extensive field observations. In addition, there is a set of possible task sequences, along
with the allowable worker quantities for each task. As previously described, we allow the
workers involved with a panel to vary from one task to the next.

The construction task planning, scheduling, and worker assignment problems are difficult
to solve. Construction scheduling alone closely resembles traditional job-shop
scheduling; as such, the three problems together will be at least as hard to solve as job-
shop scheduling problems. One widely used and well-studied approach for job shop



scheduling is the use of dispatching rules: whenever a job is completed at a machine a
simple rule (e.g., shortest processing time) is used to select the next job to run. We
employ this same approach via the use of construction rules that can be easily employed
by workers in the field. Such rules are needed to establish (i) what panel to work on next,
when a worker becomes available, (ii) how many workers to use for each panel task, and
(iii) which workers to use for each panel task once the quantity has been established. For
example, we may elect for a worker to always go to the nearest panel being worker on,
select the maximum quantity of workers for each panel task, and then select the actual
workers to use to balance workload (utilization).

4. Summary and Future Work

There is an increasing trend toward premanufacturing in construction, including the use
of panelized walls. Current panel design approaches lead to both inefficiency and
WMSD risks, negating some of the expected cost reductions intended by panel use. The
centralization of panel design, however, provides an opportunity to enhance such
efficiencies and reduce ergonomic exposures. We have developed a prototype DSS for
panelized residential construction that facilitates a proactive approach to ergonomics and
addresses the ongoing need for appropriate design tools to facilitate PtD. As it
incorporates ergonomic aspects throughout the construction process, the overall impact of
DSS use is expected to be more efficient and effective than reactive, site-based
interventions applied only later in the product life cycle. A primary advantage in our
approach is the inclusion of both ergonomics and productivity as fundamental
components and the joint improvement of both. As such, our approach addresses the
need to support the economic/business case for PtD, specifically by providing
information relevant to necessary financial considerations in decision-making and an
understanding of the financial implications of PtD. Our system also serves as an
“integrating mechanism”; from a sociotechnical systems perspective, such mechanisms
help overcome the traditional challenges involved when there are multiple functional
units (Hendrick and Kleiner, 2001), such as architects, engineers, and builders in
construction. Finally, several authors have noted current research and practice needs
related to interventions, specifically the dearth of available solutions and the lack of high-
quality evaluative studies (van der Molen et al., 2007; Watterson et al., 2007; Lehtola et
al., 2008; Rinder et al., 2008). Our DSS, from conception, was intended to address these
needs by facilitating the development and assessment of interventions to reduce
ergonomic exposures and risk.

Much additional work is needed, however, and is proceeding in several directions. First,
the decision-making logic in the DSS and the ability to simulate and visualized tasks is
being improved and evaluated. Use of the DSS requires specific design/construction
rules, and simulation is then used to establish how panels are design and shipped and how
construction proceeds. Based on lean principles and input from panelized construction
workers and supervisors, a wide variety of such rules will be evaluated. To improve
usability and validity, detailed simulation input data are being compiled from field
observations and lab studies, and WMSD risks are being estimated for a wider range of



construction activity using lab-based task simulations. Second, there is a need to
determine effective strategies for implementing the DSS in practice and improving the
business case for its actual use. This will involve consultations with potential users
(panel designers, manufacturers, and contractors). Computer-based cases studies will be
conducted to compare panelization and stacking plans generated using the DSS vs. those
from the “traditional approach. A more “upstream” focus is also needed, to determine the
impacts of DSS use on panel manufacturers and shippers. Third, a field study is planned
to demonstrate and quantify the potential and actual benefits of using the DSS.
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Abstract

The UK construction industry has made a step-change in its approach to safety
management on sites. Larger contractors with established safety management
systems have looked to behavioural and cultural safety programmes to take incident
and accident prevention to the next stage. Such programmes have been implemented
in various forms over the last twenty years in the UK; however there is a lack of
evidence of their success. This study examines the perspective of those directly
affected by these programmes: construction operatives, tradespeople and supervisors.
It explores potential issues and areas of concern, as well as examining positive
changes that may have occurred. Six in-depth interviews were undertaken,
transcribed, and the results coded to allow a narrative to be drawn out. The findings
indicate that despite the desire for change and positive improvements on UK
construction sites, there is conflict in the way work is carried out; the use of
‘pricework’ for companies and individuals, and the perpetual pressures of time and
cost are seen as causing disharmony with the safety programmes. In applying the
theory of complex systems to safety on construction sites, these conflicts can also be
seen as latent defects which will require resolution in development of policy rather
than at site operational level.

Keywords: Construction Sites, Safety, Safety Programmes, Human Factors

1. Introduction

UK construction is statistically a dangerous industry in which to work: 2.0 workers
per 100 000 were killed during the period 2009/10, making construction work four
times more dangerous than the average job in the UK (Health and Safety Executive
(HSE), 2010a). Understandably, this situation is not tolerated by the UK government
nor by the UK construction industry itself. Focus on improving the safety record of
the industry has been continuous, and success can be seen in the statistics, from 1974
where 166 workers lost their lives, to 1986/7 where 125 were killed, to 96 deaths in
1996/7 (HSE, 2010b) and now to 41 worker fatalities in 2009/10 (HSE, 2010a). The
safety record of the UK industry is undoubtedly improving, although there is still the
eminently justifiable belief that ‘one death is too many’ (Donaghy, 2009).
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It would be an error to assume that fatalities now only occur on small sites, with poor
adherence to basic health and safety, possibly due to cost of compliance or failure to
wear personal protective equipment (PPE). There are still incidents on large, well
managed construction sites; the death of a worker in 2004 on the Jemstock Project in
London’s Docklands area is a prime example (HSE, 2009a; McMeeken, 2010). This
was a large project run by a member of the UK Contractor’s Group, with an
established safety management system, which has regularly won gold awards for its
safety procedures (RoSPA, 2008). During the official investigation, the HSE found
that whilst risk assessments and method statements had been undertaken for the work,
the checks identified as necessary in the assessments had not been adequately carried
out, and the hole through which the worker fell had been covered with poor quality
plywood, although by whom was never established (HSE, 2009a). This incident
illustrates that the human factor is still critical in construction work, regardless of the
size and management of the construction site itself. Why were the checks not done?
Who was it that decided the plywood was acceptable to cover the hole? Who put it
there? It is unsurprising, therefore, that an approach directed towards human factors,
in terms of behaviours and the culture created by these behaviours, has come to the
fore in UK construction health and safety management.

This study forms an initial exploratory part of a larger project, which seeks to
examine the cultural and behavioural change safety programmes currently in use on
large UK construction sites, and to begin to explore their impact, effectiveness and
how they are perceived by those who work there. In order to appreciate these
programmes and the factors they seek to change, examination must first be made of
the literature and theory of the programmes themselves, as well as the context of the
construction site setting.

2. Literature Review
Behavioural and Cultural Safety Programmes in the UK Construction Industry

The construction industry has devoted considerable effort to improve health and
safety performance (HSE, 2009b). Investment in innovative programmes for change,
over and above adherence to legislation, has frequently occurred amongst larger
contractors (Donaghy, 2009), and a variety of safety programmes have been
established on UK sites (Rawlinson and Farrell, 2009). The programmes can be
broadly categorised along the two directions of approach made within them; one type
of programme is focused specifically on targeted behaviours, whilst the other attempts
to make more holistic changes (IOSH, 2006; Spanswick, 2007).

The first to be established in the UK were the Behavioural Safety Programmes
(BSPs), which have been in operation in a number of guises since the mid 1980s
(HSE, 2008). BSPs focus on the reduction of specific behaviours that have been
shown to be high risk, and create the desired safety culture from within (Dingsdag et
al 2006). These programmes have indeed been shown to reduce injuries and therefore
minimise accidents (Roughton and Mercurio, 2002). However lack of any continuing
improvements, if less training or monitoring is carried out (Channing, 2008), lends
weight to the argument that these BSPs are simply another form of superficial
behaviour management, rather than catalysing any deeper cultural change. BSPs have



been proven to work well within fixed work environments with an unchanging
workforce (HSE, 2002; Roughton and Mercurio, 2002). This environment is a stark
contrast to the construction site, where work often involves chains of complex and
often unique behaviours in an ever-changing environment (HSE, 2009c), undertaken
by a transient, subcontracted and often casually employed workforce (Department for
Business, Innovation and Skills, 2007; HSE, 2009c).

The most vocal criticism of BSPs, both in the UK and North America, is that these
programmes ‘blame the worker’ rather than focus on potential hazards and unsafe
conditions (Frederick and Lessin, 2000) that are often the root causes of site accidents
(Lessin, 2002). Indeed, this is supported by researchers of complex systems, who
agree that attempts to discover and neutralise latent failures in systems will be of
greater benefit to safety than efforts focused on minimising front line operator errors
(Reason, 1990). There is also the opinion that, certainly in more complex and
changing environments, BSPs should only be used as one element of safety systems
and not as a standalone solution (Roughton and Mercurio, 2002). Indeed, Balfour
Beatty’s Zero Harm campaign is an example of a combined safety programme; in
‘identifying and planning out hazards’, establishing ‘behavioural protocols...to
eliminate fatal risks’ the programme looks to the BSP aspects of safety management,
but in ‘making safety personal’ the fundamentals of the Cultural Safety Programme
(CSP) are also apparent (Balfour Beatty, 2010).

CSPs are based on the concept of an organisation’s safety culture, defined by the HSE
(2005) as a combination of workers’ attitudes and perceptions regarding health and
safety management; the workers’ actions and behaviours with regard to workplace
health and safety, and the management in terms of policies and procedures. It has
been established that people respond to the work culture in which they find
themselves (Wong, 2002) and the CSPs aim to change and improve that culture.

CSPs, first implemented on UK sites in the late 1990s (HSE, 2008), employ a top-
down change model to alter the norms, values and attitudes of companies as a whole,
leading to desired behavioural changes on sites. The CSPs aim to ‘make safety
personal’ and asks people to take responsibility for their own safety on sites (CIOB,
2006). Although research has shown that giving people this responsibility can in
some instances be inadequate, depending on other factors such as comfort when
wearing required PPE or beliefs about the risks involved for the task in hand
(Cameron and Duff, 2007). The CSP programmes also attempt to win the ‘hearts and
minds’ of the site workforce by creating a shared sense of responsibility between
them and site management, promoting a caring attitude on sites (AGC, 2006).
However, this could be seen as conflicting with the macho culture found on UK
construction sites and at odds with the swearing and banter normally found there
(Bird, 2003; Jordan et al, 2005). One key aspect of CSP programmes is the no-blame
culture, the elimination of any retribution or punishment that may be associated with
accidents, ostensibly to encourage reporting and enable sites to be ‘truly safe
environments’ (AGC, 2006). This blanket no-blame approach has led to criticism
from the Institute of Occupational Safety and Health (IOSH), who feel this negates
the fact that some acts will inevitably deserve sanctions and a distinction should be
made between wilful acts and accidental occurrences (IOSH, 2004).



Examples of the CSP model can be seen in the Laing O’Rourke and Bovis Lend
Lease ‘Incident and Injury Free’, or IIF, programmes. As Laing O’Rourke states, ‘IIF
represents a step-change in attitudes to safety...underlining the personal responsibility
we each have to ourselves and each other’ (Laing O’Rourke, 2010), a philosophy
echoed by Bovis Lend Lease, stating that IIF requires °...individuals to take a personal
stand ...with a mindset intolerant of any injury or incident ...” (Bovis Lend Lease,
2010).

The success of these programmes has still not been determined, and whilst there have
been positive reports about implementation on large sites, there has been a lack of
direct evidence (HSE, 2008). Certainly, it must be recognised that culture changes
slowly, and fundamental change requires time (IOSH, 2004). The effectiveness of
implemented programmes may yet be unrealised (Dingsdag et al, 2006), although it
has also been suggested that there is the potential for conflict with the other key
characteristics of UK construction sites (Rawlinson and Farrell, 2008).

Human Factors: Human Error

These programmes are based on a variety of cognitive theories that drive human
behaviour (Fiske and Taylor, 2008; Hardman, 2009). For example, the CSP
programmes are in part based on the theory of cognitive dissonance (Festinger, 1957)
and seek to challenge the mind-set of the operatives by bringing their personal and
family lives into the work environment, creating a dissonance with unsafe behaviours,
motivating the operatives to reduce this conflict by acting safely.

This focus on the operatives and people of the construction sites, and their behaviours,
as the root cause of health and safety accidents and incidents builds on the work of
Heinrich (1959) in his seminal examination of accidents at work and the conclusion
that 88% of workplace injuries were due to unsafe acts on the part of the operator.
This study has since been criticised for the choices made in data classification,
possibly leading to this high figure (Woodcock, 2007), and using source data from
supervisor reports which could arguably be seeking to shift blame onto operatives
(USOA, 2000); however the perception of human error as a major cause of accidents
arguably remains (IOSH, 2006; Wilson, 2007; HSE, 2009c). Blame is still frequently
assigned to human factors; inaccurate assessments, bad decisions and poor
judgements often remain high on the list of causal factors (Perrow, 1999; Dekker,
2006).

However, this view has begun to change following research into accidents within
complex systems. The construction industry and, more specifically, construction sites
can be described as complex systems (Winch, 2003); many people come together
performing different tasks, interacting at many different times and places to ultimately
create the end product, employing the complex ‘system’ of sites. When the time
pressures of construction (Loosemore et al, 2003; Spanswick, 2007; Rawlinson and
Farrell, 2008) are also taken into consideration, the system arguably becomes ‘tightly
coupled’ (Perrow, 1999) which can further enhance and link incidents ultimately
resulting in accidents.

Within complex systems, the simple explanation of ‘human error’ as the cause of
accidents is no longer taken at face value; human error is itself now seen as a



symptom of trouble deeper within the system. It is now argued that people have made
incorrect assessments or taken incorrect action as a result of failures in the systems
which have created situations which dictate a certain course of action (Perrow, 1999;
Dekker, 2006). The new perception of human error does not accept that the system
will work correctly but for the behaviour of some ‘bad apples’; rather it requires that
safety be instilled at all levels of the organisation (Dekker, 2006), including within
management, who may unwittingly instil latent failures within the system by the
choices made in the offices and boardrooms (Reason, 1990; Kletz, 2001). Cultural
influences have also been suggested to affect people working within complex
systems, and therefore can influence its safety in terms of acceptance of authority,
need to conform to the social groups within organisations as well as overall
organisational culture (Strauch, 2004).

This study therefore begins to ask those who work on UK construction sites how the
BCPs and CSPs ‘fit” with the highly complex construction site systems they operate
within every working day. Could the choices and decisions made by the construction
site operatives be driven by factors inherent in the construction site system itself?

3. Methodology

This paper summarises an initial investigation made under the umbrella of a much
larger study, examining construction site culture as a causal factor in health and safety
incidents on site. This study has its foundations in an interpretivist epistemology
(Dainty, 2008; Sutrisna, 2009) and is using several data gathering techniques,
including interviews, photographs, artefacts and participant observation, to collect a
rich variety of data. These initial interviews were carried out to start to bring the
picture into focus (Fellows, 2008), rather than take the finished photograph, and the
findings herein will be used to inform and develop further lines of enquiry within the
study.

The sample for the interviews was one of convenience (Fetterman, 2010), necessary
in part to fulfil the requirements of the wider study and the criteria necessary to ensure
relevance of the data. The sample criteria were that the interviewees were working on
large sites (value £15m+) for members of the UK Contractors Group (UKCG), they
had all worked in construction for over five years, and had also received some form of
behavioural or cultural safety training within the last two years. Three semi-
structured interviews (Silverman, 2001; Fetterman, 2010) were undertaken with
construction site operatives and three with construction site supervisors. The
interviews were digitally recorded, transcribed and subsequently coded, which
highlighted themes, consistencies, inconsistencies, patterns and irregularities
(Silverman, 2001; Langdridge, 2005) when the data was viewed through the lens of
the literature.

Whilst this small sample size and selection process does not allow for generalisations
to be made from the findings of this paper, it does provide some insights as to the site
perspective of these programmes and their relevance and integration with UK
construction site life. These insights can then direct further research in this area,
although it can also be argued that given the transient nature of the UK construction



workforce, their experiences, perceptions and attitudes are likely to be common
within the industry as a whole.

4. Findings: Narrative
The Programmes

The cultural and behavioural programmes are felt to be a positive step for the
construction industry to make. Increased awareness of health and safety is seen as the
outcome, and people can be seen to change their attitudes and approach to health and
safety during training. Under the programmes, improved communication on sites,
both amongst operatives and also between operatives and site management, is seen as
a very positive result. Operatives feel able to speak up and comment on the health
and safety of sites, and this is often responded to with action from management. The
no-blame culture was also seen as a positive step:

“...if I did something, like knocked a handrail and the bracket came loose, I'd
have far more inclination to go up to the foreman, supervisor, whoever and
tell him it was unsafe.”

However, specific concern was raised about the longevity of the training; it was felt
that although the training did work, the improved behaviours were not seen to last for
too long once people returned to the workplace. It was seen to only temporarily
increase awareness, although estimations on this timescale varied from the rest of that
day to 3-4 weeks:

’

“...a week or two down the line and it’s forgotten.’

Refreshers were seen as necessary to stop this occurrence, and in some cases main
contractors had used focused tool box talks to reinforce the key messages.
Consistency of approach was also seen as critical, and the need to implement the
programmes to all on the sites. Inconsistencies had been found by the interviewees as
they moved from site to site even within the same companies, and this was seen as
creating a very difficult environment to work within. The early, American, versions
of the Incident and Injury Free CSP were remembered with some amusement by the
operatives, the language and approach seeming a little different to the usual UK
construction site training:

“Let’s all have a big group hug every morning...yeah right!”

Whilst it was felt that the BSPs and CSPs have made a difference, there was no

consensus that improvements in health and safety can be attributed solely to the
presence of the programmes. Management of the site was often seen to be more
influential than the safety programmes that were in place:

“I don’t think that necessarily just because you've seen a video and had a bit
of a chat about it, I don’t think it necessarily instructs you to be safety
conscious.”



The People
The very nature of the industry means it attracts people who take more risks:

“...the people in the industry want to get on and do things, they are do-ers, not
pen-pushers...people who want to physically do something and achieve
something... they think ‘I can do that’, rather than ‘maybe I shouldn’t’.”

Appreciation of human factors was commonplace; the understanding that people are
all different and there will always be people who do not seem to care about their own
or anyone else’s safety. Others are seen to judge their situations on what they are
capable of and act accordingly

“People being people want to do things as fast as they can and as easy as
they can and that’s never going to change no matter what procedures you put
in place.”

Perception of risk was also seen as very important, and this was seen as one of the
reasons people still took risks on sites. People are seen to evaluate what they can and
what they cannot get away with on a particular site and act accordingly.

’

“...people will push it as much as they can.’

Unwillingness to change was also seen as a factor that would influence uptake of the
programmes, especially for some older and more experienced individuals, and it was
thought that following training sessions, people eventually return to type and go back
to their old ways of doing things.

Time and Money

The industry itself was seen as affecting the overall attitude to health and safety.
Contractual requirements such as completion dates and penalty clauses were seen to
be influential in adding time and cost pressures to work environments, meaning
people work faster or take risks to get the work done.

“..it’s got to be a quick, cheap price job and if you can get away with doing
something slightly unsafe but you get the job done and it’s done a little
quicker...your firm will make a bit more profit out of it...and you 're seen as a
better prospect...”

Main-contractor/subcontractor conflict still exists to some extent, and this had
influenced the overall uptake of safety programmes. Whilst some subcontractors
participated in the programmes, others did not, and even when operatives were
trained, it was not further encouraged or enforced by the sub-contractors’ contracts
managers.

The subcontractor propensity to work on price was also felt to influence
implementation of the safety programmes; for these operatives it was felt that their
first priority was to make money on the job, with health and safety coming second.
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“..it all comes down to earning money...the bottom line.’

Other aspects of the industry system were also voiced as reasons for working around
health and safety on sites, the pressures of the job and the realities of daily working
life were seen to affect the longevity of the safety programmes’ influence:

“...you need to get a permit which takes half an hour, then find the ladders to
work from, or you can nip in and stand on a box for a five minute job...”

The fragmented nature of the industry was also felt to be an influential factor to the
maintenance of the approach to health and safety at work. One week operatives can
be working on a large well organised and trained site, and the next on a small site with
far less controls, making a consistent implementation of the safety programmes
difficult.

“...next week they’re on Joe Bloggs house builder down the road, in trainers
and shorts.”

Overall there was a positive feeling that changes for the better are inevitable on
construction sites in terms of improvement in site health and safety:

“10 years down the line we’ll probably be saying - how did we used to work
like that?”

5. Discussion and Conclusions

Whilst the BSPs and CSPs have been welcomed on UK construction sites and people
are keen to participate in improving the health and safety on their sites, agreement that
the programmes ‘fit” or ‘work” within the site environment is often followed by a
‘but...”. There is concern about the long term effectiveness of the training as well as
inconsistency in implementation which together have created some uncertainty as to
the overall success of the programmes. Site management was seen as a highly
influential factor in the success of the programmes and the overall standards of health
and safety on site.

Most significantly, when viewed as complex systems, the construction industry has
clearly built in several latent defects which result in failures at the site end; the focus
on price and deadlines, the fragmentation of the industry and the continued reliance
on subcontracting and pricework were all seen as influencing factors on the success of
the health and safety programmes on sites.

This paper has sought out and established several key areas for further research and
investigation. Although the industry has made significant efforts to improve health
and safety through the implementation of these programmes, there appear to be a
variety of factors limiting their success. Fundamental issues such as consistent
implementation and full workforce training appear to be of concern, and the factors
that are limiting this training within the industry and its sites should be examined
further. In addition, there are also factors fundamental to how industry operates its
sites. When viewed as complex systems, these industry factors, or latent defects,



within the system are highly likely to cause operative error on site ‘front lines’. Either
an appreciation of how these defects influence the site operatives in terms of human
factors is required to tailor the change programmes to focus on these areas, or,
arguably a more effective solution, these latent defects in the industry systems need to
be examined further and ultimately resolved at source.
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Using Bayesian Network to Develop an Approach
for Construction Safety Risk Assessment

Tao Wang?, Pin-Chao Liao?, Xin Ma®, Haojie Wu*, Dongping Fang®
Abstract:

Risk assessment for construction safety is critical for effective project control.
Traditional risk assessment approaches mostly rely on expert opinion because of
limited accident data. Therefore, assessment results may lack precision because of
experts’ subjectivity and limited cognition when multiple safety risks are assessed
simultaneously. This study developed a new assessment approach based on the
Bayesian Network for construction safety risks. Both expert opinion and real data
were incorporated by this approach. The approach has been developed for major
safety risk events (Scaffolding Collapse, Fire Disaster, Falling, Machinery Injury,
Electric Shock and Strike By/Against) based on expert opinion from construction
companies and real accident data in Beijing. Risk probability analysis was based on
both subjective and objective information, while risk influence analysis was based on
objective information from real accident data. The assessment results could be
updated easily as new data was collected. Using this approach, project managers
could comprehensively assess risks or understand the causes of accidents where there
were complex interrelationships between safety factors and events.

Keywords: Construction safety; Bayesian Network; Risk assessment

1. Introduction

Safety is one of the most critical aspects for construction management. Accidents can
result in dramatic cost as well as low morale; therefore, both industrial practice and
academic research emphasize safety management of construction projects.
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Unfortunately, accident rate in the construction industry ranks highly in comparison to
other industries. Hence, risk assessment has been used for decision making of safety
management such as confirming relative importance and possibility of risks,
providing a consolidate foundation for strategic planning. Thus, an appropriate
approach for risk assessment is critical to safety risk control (Fang, D. et al., 2005).

Subjective methods which are based on expert opinions and objective methods which
are based on real data analysis are the two normal types of methods for assessing
safety risks. In many studies, Subjective approaches are utilized for risk assessment.
Expert opinion is one of the most prevalent approaches to address possibilities of
safety risks. Many researchers use experts’ subjective opinions to assess construction
safety risks, such as risk assessment matrix (Hallowell, M. R., Gambatese, J. A.,
2005), AHP method (Shapira, A., Simcha, M., 2009), safety index with fuzzy logic
(Grassi, A., 2009), and so forth. However, different experts may have different
understanding on subjective descriptions. For example, ‘very possible to happen’ and
‘possible to happen’, these are two descriptions on possibility of risks that every
expert may have different standards when evaluating risks. Although some
researchers tried to avoid this problem by using scientific methods while studying
(Patt, A. G., Schrag, D. P, 2003), however, assessment methods based on real data are
more objective and persuasive

Nonetheless, safety records such as near-misses, injury, even fatality are not easily
obtained and thus few safety risk assessments are based on real data (Mcdonald, N.,
Hrymak, V., 2002; Hinze, J., Bren, D., 1996; Abdelhamid, T. S., Everett, J. G., 2000).
Objective methods are used only when a high quality accident statistics database can
be accessed. For instance, Aneziris (2008) and Papazoglou (2007) have established an
objective evaluation model according to the database of Netherland occupational
safety and health accidents between 1998 and 2004, which they obtained through
GISALI. Today in China, the Ministry of Housing and Urban-Rural Development and
the State Administration of Work Safety have started to standardize the report
schedule of safety accidents and are establishing a database. However, it is still not
easy to obtain a complete safety accident database. As a matter of fact, it is important
to take into account both subjective evaluations from expert opinions and objective
evaluations from accident database when carrying out risk assessments. So far, there
are no methods to solve this problem.

This study develops a new assessment approach based on Bayesian Network for
construction safety risks. Both expert opinion and real data can be incorporated by
this approach. Relationships between safety risk events, risk settings and risk factors
can be modeled as a complicated network. Bayesian Networks, broadly implemented
for academic research in the recent decade, is a probabilistic graphical model that
represents a set of random variables and their conditional dependencies via a directed
acyclic graph (Heckerman, D., 1997) to develop reasoning construct on uncertain
knowledge, specifically dealing with the uncertainty resulting from various



conditional constraints (Pearl, J., 1988). It is also utilized to develop a network to
assess a complicated relationship model consisting of risk events and risk factors.

Bayesian Networks are widely used in areas like ecology, environment, economy,
geology, safety and so on (Walton, A., Meidinger, D., 2006; Marcot, B. G., Steventon,
J. D., 2006; Marcot, B. G., etal., 2001; Zhu, J. Y., Deshmukh, A., 2003; Rivas, T. , et
al., 2007; Zhou, Q., et al., 2008). It is also used for construction safety risks. Martin,
et al. (2009) identified main risk factors of fallings at construction site from previous
studies and used Bayesian Networks to model falling risks by relating them to risk
factors. He also identified the most important safety risks at various levels. Matias, et
al. (2008) evaluated the precision of risks prediction using Bayesian Networks with
comparison to other approaches. He concluded that Bayesian Networks have the
following advantages: 1) they simulate risks under different conditions and carries out
probability analysis on each variable simultaneously; 2) they can be used to construct
a model with discrete qualitative variables (e.g. all kinds of parameters relate to
accident); and 3) they predict risk probability more accurately.

2. Methodology

This research developed a Bayesian Network risk assessment model in order to assess
the safety risks on construction site. As such, causal relationships between safety risk
events and risk factors were establishing the Bayesian Network method as follows:

1) The authors established the structure of construction safety risk Bayesian
Networks.

2) The Conditional Probability Tables (CPTs) of the nodes of construction safety
risk Bayesian Networks were developed.

3) The authors assessed the average probabilities of construction safety risk
factors. The probabilities of the risk events were assessed based on the risk
Bayesian Networks.

4) The probabilities of the nodes (risk factors, risk settings and risk events) in the
risk Bayesian Networks were updated by the real accident database.

5) The influences of the risk events were assessed based on the real data.

6) The levels of the risk events were assessed based on the results of the
probabilities and the influences of the risk events.

Data analysis was conducted with the software package Netica® (2007). The
subjective data in this research was obtained from the questionnaires for experts or
workers with rich safety management experience. The accident database was obtained
from the government.



Establishment of the causal model for safety risks with Bayesian Networks

Many studies developed Bayesian Networks and concluded with a large dataset
(Russell, et al., 1995). However, accident data in the construction industry is
relatively limited in China. The structures of Bayesian Networks can be also built up
based on logistics and expert opinions in the previous studies (Zhu, J. Y., Deshmukh,
A., 2003; Rivas, T., etal., 2007; Zhou, Q., et al., 2008). Therefore, the identification
of risk factors, the relationships among risk factors and events and the development of
the safety risk Bayesian Networks are mainly based on previous studies and experts’
experiences in this research.

The Bayesian Networks consist of three layers including Risk event, risk settings and
risk factors, as shown in Figure 1. For example, the risk event “fire” may be directly
caused by various settings such as improper storage of inflammable and explosive
materials, welding close to inflammable materials, etc. Risk factors are the main
causal origins of a specific setting. For instance, lack of training is one of the main
factors which lead to workers welding beside inflammable materials.

In this model, each setting or factor is treated as a node which has two states: occurred
or not. Here Y denotes that the event takes place and N indicates that the event does
not occur.

Risk Event
\
Risk Settin Risk Settin
1 g 2 g Risk Setting i
Risk Factor Risk Factor Risk Factor Risk Factor Risk Factor
1.1 1.2 1j 2.1 i.l

Fig. 1 Structure of risk Bayesion Network

Identification of the conditional probability tables (CPTs) of parent nodes

After developing the structure of the Bayesian Network, the Conditional Probability
Table (CPT) of each parent node (risk setting or event) is required for further
analyses.

Parent nodes in the Bayesian Network are classified into two groups: the M type and
the N type. Their difference is depicted with the CPTs of their child nodes. The M
type nodes only occur in the probabilities of 0% or 100% when their parent nodes
occur or not occur which were obtained by logical deduction. On the other hand, the



N type nodes occur in the probabilities of any value between 0% to 100% when their
parent nodes occur or not occur which was obtained by machine learning with a set of
data or by the experts’ experiences. Users should recognize nodes as M or N type in
order to collect corresponding information for the Bayesian Network.

An example of logical deduction in a Bayesian Network is presented in Fig. 2. C is
the parent node where A and B are child nodes. Using the M type node to illustrate
their relationships, AND and OR can be applied to the parent node as shown in Figure
3 and Figure 4. Both of the logical relationships have logic gate in fault tree while
their CPTs differ. Figure 5 shows the CPT of the parent node C in terms of logical
AND. The logic delineates that only if both A and B occur, C occurs. Figure 6
demonstrates the CPT of the parent node C in terms of logical OR. This logic
indelicate whenever A or B occurs, C occurs.

|
C

I
[ I
Fig. 2 Bayesian Network Fig. 3 logical AND Fig. 4 logical OR

Mode: € vl Mode: € Mode: € vl
Chance v  %Probabiity v|  Determnistic v | Chance v |  %Probability v |
A B Y N | A B c | A B Y N |
¥y 100,00  o.000  ~| ¥ ¥ v ] YoV 100.00 o.oon -]
YoM 0.000 100.00 Yo Y oM 100.00 0.000
Moy 0.000 100,00 MY Y N Y 100. 00 0.000
Mo 0.000 100,00 MM m MM 1.000 99.000
Fig. 5 CPT of logical AND  Fig. 6 CPT of Fig. 7 CPT of modified

logical OR logical OR

For research purposes, the CPT of the parent node in logical OR can be rectified.
Providing all the risk factors in the Bayesian Network do not occur in Figure 2, the
risk event may least likely to occur, resulting in extremely low probability. Using the
logic OR to delineate this relationship, the child nodes are both assigned with an
extremely small probability value (for instance, 1%) to indicate low probability of the
existence of their parent nodes (Figure 7). With different expert opinion, the rectified
probability values of the child nodes can be adjusted accordingly.

CPTs of N type nodes can be established with both data simulation and expert
experience. When the amount of accident data is insufficient or unreliable, the CPT
will weigh more on experts’ experiences than simulated results. At the
commencement of the research, expert opinion can be weighed much higher than
practical data because of its small sample size. Conducting data simulation to develop
CPTs with limited sample size may produce misleading results. Thus, the CPTs are
mainly determined by experts’ experience. With growing sample size, practical data



can be weighted equally with or higher than expert opinion in the future. The
questionnaires need to be developed and distributed to obtain expert opinion for CPTs
of the N type nodes of Bayesian Networks. As shown in Table 1, the entire
probability distribution is categorized in seven intervals as the qualitative probability
description of IPCC (Intergovernmental Panel on Climate Change). Patt (2003)
considered the categorization reasonable and suitable for a description of risks
probabilities. In this research, the questionnaires are very similar to the CPTs shown
in Figure 5. The respondents are asked to choose one of the seven categories to assign
the probability value in CPTs of each node in the Bayesian Network except the nodes
without any parent node. Probability descriptions are then converted to numerical
probability values. For example, if a respondent chooses ‘very small possible’ on
behalf of the probability range of ‘1%-10%’, the probability of the risk factor should
be 5.5%. Then the probability values of all the respondents are averaged to obtain the
final probability values. In order to maintain data quality, all the respondents need to
be instructed to answer every question in advance.

Table 1 Qualitative Probability Description of IPCC

Probability Description Probability ~ Description
Interval Interval

<1% Extremely unlikely 66-90% Likely

1-10% Very unlikely 90-99% Very Likely
10-33% Unlikely >99% Virtually certain
33-66% Medium likelihood

Evaluation of probabilities of construction safety risk factors and safety risk
events by expert opinions

The probabilities of risk factors can also be established with both accident data and
experts’ experience. Nonetheless, Real accident data are nor easily available in China;
therefore, the probabilities of the risk factors were determined by experts’ experience.
The questionnaires need to be developed and distributed to obtain expert opinion
regarding the probabilities of the risk factors. Respondents are asked to choose one of
the seven categories (shown in Table 1) to assign the probability value for each risk
factor. Then the probabilities of risk events are calculated via the Bayesian Network.
The results are assessed by the experts. If the results of the probabilities of risk factors
as well as risk events are considered unacceptable, the Network need to be further
reviewed and modified. Then the values of the probabilities of risk factors are
inputted into the risk Bayesian Networks.

Update the probabilities of construction safety risks by real accident data

First, the real accident data from the government is transferred into the format of
Netica®. Second, the data is inputted into the Bayesian Network. Then the software
calculates the data using “count-learn” method (Netica, 2007). The CPTs of the nodes
of the Bayesian Network are updated in the software. The new probabilities of



construction safety risk events can be obtained automatically. The weights of the
information from experts and from real accident data can be set up. When the
database is small, the weight of the information from experts is relatively higher than
real data. When the database is big enough, the weight of the information from
experts can be very small or even zero.

Evaluation of the influences of construction safety risks

In this research, the influences of construction safety risks include an index. One is
measured by monetary lost. The second is the casualty in the accident. Casualty can
include the number of injuries and fatalities. In China, the numbers of injury are very
hard to obtain, so the fatality is used to measure the severity of the casualty in the
accident.

Evaluation of construction safety risk levels

Construction safety risks are defined as the product of the probabilities and the
influences of the risks. The risk levels are decided according to the risk level matrix as
presented in Table 2. The green area means low risk level, the yellow area means
medium risk level and the red area means high risk level. The threshold values can be
changed according to the risk bearing capability of the users. In this research, the
threshold values are obtained based on the opinions of the experts.

Table 2 The matrix of risk levels

onomic lost | 0<<e<<10 10=<e<<20 e=20
Fatality (10 thousands RMB) | (10 thousands RMB) | (10 thousands RMB)
0=n<0.3
0.3<n<<0.6
n=0.6

3. Practical application of the assessment methods

Establishment of the construction safety risk Bayesian Networks

Risk events were firstly identified from previous studies (Huang, J., 2008; Li, X., et
al., 2008; Zhang, G., 2003; Zhang, J., Tao, R., 2004), including Scaffolding Collapse,
Falling, Machinery Injury, Electric Shock, Strike by Large-scale Object, Strike by
Small-scale Object, Strike by Flying Object, Fire Caused by Electricity, Fire Caused
by Naked Flame, Fire Caused by Moving Combustion Source and Fire Caused by
Extreme Weather. The structures of the risk Bayesian Networks at construction site



were developed with respect to their risk factors. One safety supervisor and five safety
managers of China State Construction Engineering Corp. (CSCEC), who have at least
ten-year experience in safety management, were interviewed to adjust the structure of
Bayesian Networks. One example of the construction safety risk Bayesian Networks
is presented in Figure 8.

Fire Caused by Electricity

Y 42.9
N 57.1
Flammable and explosive materials store i... Combustion source caused by Electricity
Y 82.5 Y 87.8
N 17.5 N 12.2
Wood, plastic and other flammable materi... Combustible decorative materials store is u... \ —
% 23 v 56 Combustion source caused by workers' ille...
N 56.7 N 54.4 Y 53.6
N 46.4
Gas tank, oil tank and other construction su... Combustion source caused by unreasonabl...
Y 40.4 Y 431
N 59.6 N 56.9

Combustion source caused by aging wires,....

Y 5.5
N 48.5

Fig. 8 Bayesian Network of Fire Caused by Electricity

Evaluation of the probabilities of construction safety risks

The CPTs of M type nodes of construction safety risk Bayesian Networks were
logically deducted directly. A survey was conducted on six safety managers from five
subsidiary companies of CSCEC to obtain the CPTs of N type nodes of construction
safety risk Bayesian Networks. The authors distributed the survey to the experts and
explained the structure, definitions of terms, and related protocol. The recovery rate of
the questionnaire is 100%.

A detailed survey was then developed and conducted broadly on more than 400
project managers or safety managers of Beijing Construction Engineering Group
(BCEGQG) to obtain the probabilities of risk factors. The survey which took 20 minutes
to complete was conducted during the group training. A total of 388 responses were
received which represented a survey recovery rate of 97%. The CPTs and the
probabilities of construction safety risk factors at the jobsite were then calculated.

Then the construction accident database (2006-2009) obtained from Beijing
Administration of Work Safety were inputted into the construction risk Bayesian
Networks. The probabilities were updated by the real data. The probabilities of
construction safety risk events were prioritized in the order of their average
probabilities as shown in Table 3.

Table 3 Rank of the probabilities of construction safety risk events

Construction safety risk Probabilities from  Updated probabilities

Number ..
events expert opinions by real data

1 Falling 40.1% 78.0%



2 Machinery Injury 50.2% 50.2%
3 Strike by Large-scale Object  41.4% 43.9%
4 Fire Caused by Electricity 42.9% 42.9%
5 Fire Caused by Naked Flame 41.6% 40.6%
6 Electric Shock 34.9% 35.4%
7 Scaffolding Collapse 34.6% 34.6%
8 Strike by Small-scale Object  30.5% 31.1%
9 Fire Caus:ed by Moving 27 0% 97 0%
Combustion Source
10 Strike by Flying Object 19.2% 25.2%
1 Fire Caused by Extreme 6.9% 6.9%
Weather

Evaluation of the influences of construction safety risks
The average economic lost and fatality of construction safety risks were obtained
from the construction accident database (2006-2009) from Beijing Administration of

Work Safety, as presented in Table 4.

Table 4 The influences of construction safety risk events

Risk influences

Construction safety risk events Economic lost i
(10 thousands RMB) Fatality

Falling 28.2 1
Machinery Injury 47.5 1
Strike by Large-scale Object 33.1 1
Fire Caused by Electricity 0.58 0
Fire Caused by Naked Flame 0.58 0
Electric Shock 34.2 1
Scaffolding Collapse 67.3 2.3
Strike by Small-scale Object 33.1 1
Fire Caused by Moving Combustion Source  0.58 0
Strike by Flying Object 33.1 1
Fire Caused by Extreme Weather 0.58 0

Then the risk value of construction safety risks were calculated based on the
probabilities and influences of construction safety risks, as presented in Table 5.



Table 5 The construction safety risk values

Risk Value
Construction safety risk events Economic lost i

(10 thousands RMB) Fatality
Falling 22.0 0.78
Machinery Injury 23.8 0.50
Strike by Large-scale Object 14.5 0.44
Fire Caused by Electricity 0.2 0.00
Fire Caused by Naked Flame 0.2 0.00
Electric Shock 12.1 0.35
Scaffolding Collapse 23.3 0.80
Strike by Small-scale Object 10.3 0.31
Fire Caused by Moving Combustion Source 0.2 0.00
Strike by Flying Object 8.3 0.25
Fire Caused by Extreme Weather 0.0 0.00

The risk levels of construction safety risks were obtained according to Table 2, as
presented in Table 6.

Table 6 The construction safety risk levels

Construction safety risk events Risk Level

Falling
Machinery Injury
Scaffolding Collapse

Strike by Flying Object Medium
Electric Shock Medium
Strike by Large-scale Object Medium
Strike by Small-scale Object Medium
Fire Caused by Electricity Low
Fire Caused by Naked Flame Low
Fire Caused by Moving Combustion Source Low
Fire Caused by Extreme Weather Low

According to the results, Falling, Machinery Injury and Scaffolding Collapse were the
most serious safety risks on construction sites in Beijing. The project managers and



safety supervisors should be more careful about the control of the risk factors related
to these three risk events, for example, strengthen the site protection facilities
management, strengthen the personal protective equipment regulation, strengthen the
inspection and maintenance of machines, double check the scaffolding design scheme,
and so on.

4. Conclusion

The major construction safety risk Bayesian Networks (Scaffolding Collapse, Fire
Disaster, Falling, Machinery Injury, Electric Shock and Strike By/Against) were built
up based on expert opinion from the construction companies and the real accident
data in Beijing, China. The information from both expert opinion and real data were
incorporated in the construction safety risk Bayesian Networks. The assessment
results could be updated easily when new data was collected. The results showed that
Falling, Machinery Injury and Scaffolding Collapse were the most serious safety risks
on construction site in Beijing. With this approach, project managers could
comprehensively assess risks or understand the causes of accident with complex
interrelationships among safety factors and events. In the future, the construction risk
assessment approach needs to be validated among different regions and different
companies when more data is obtained.
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ABSTRACT

Purpose: This study discusses why the construction sector should address HIV and
AIDS against the background of the South African construction industry experience.

Design/methodology/approach: The research design included a review of relevant
literature and a comparison of the construction industries in the United States of
America, India and the Russian Federation. Interviews were conducted with Human
Resource managers of construction companies in South African to understand the
implications of ignoring HIV and AIDS in construction.

Findings: HIV and AIDS in the construction industry cannot be ignored or
overlooked. The implications of no action include among others threats to
profitability, corporate social responsibility and increased mortality of the workforce.

Practical implications: The global construction industry needs to heed of the threat
and serious implications of HIV and AIDS. The implementation of workplace HIV
and AIDS prevention and care programmes can improve the health and wellbeing of
affected employees, as well as encourage them to access HIV-related treatment.

Originality/value: By taking an interest in the health and welfare of their employees,
construction firms are able to reduce their vulnerability to the financial and human
resource implications of the pandemic.

Keywords: HIV and AIDS, construction industry, lessons learned, South Africa

1. Introduction

The sustainability of companies is at risk due to the threats posed by HIV and AIDS
(Dickinson, 2004a). HIV and AIDS endanger the lives of the economically active
population, affect investor confidence and impact negatively on the economic market
(Dickinson, 2004b, UNAIDS 2000; Whiteside and Sunter 2000). HIV and AIDS can
raise business costs due to decreasing productivity, and increase labour costs as a
result of absenteeism and illness and the loss of skills and experience. The human
rights of workers at work are often violated due to stigma and discrimination targeted
at employees living with and affected by HIV and AIDS (Dickinson, 2004b;
International Labour Organisation, 2010, Karim, 2010 and The International Bank for
Reconstruction and Development /The World Bank, 2004).

This paper looks at the reasons why the construction industry should address HIV and
AIDS against the background of the South African construction industry experience.



2. Review of Literature

The construction industry needs understand that it makes good business sense to
address HIV and AIDS in the workplace because failure to do so results in decreased
productivity due to increased absenteeism and also because sick workers are less
productive. Fatigue results in frequent accidents in the workplace. The loss of
employees to the disease results in increased costs to the company in terms of
replacing those skills lost and /or training new employees. Ultimately the declining
population growth rate will result in companies having a smaller skills base from
which to choose their employees. Labour costs will also increase as company’s have
to increase their contributions for medical aid and life and/or disability coverage
(Dickinson, 2004b; ILO, 2010; Rosen, et. al., 2003; Whiteside and Sunter, 2000).

Having considered the reasons why firms should address HIV and AIDS this paper will briefly

look at three countries and how they can learn from the approach that the South African
construction has taken in terms of addressing HIV and AIDS.

Table 1 provides key information in terms of population numbers and relevant statistics
on HIV and AIDS in various countries.

Table 1. HIV and AIDS statistics by country.

49,991,300 1,151,751,000 143,221,000 302,841,000
5,700 000 2,270,000 370,000 1,106,400
(11.4%) (1.97%) (0.25%) (0.37%)
497,000 1,200,000 58,400 56,300
360,000 170,000 40,000 18,000

Source: (South African Institute of Race Relations 2010a; UNAIDS/WHO, 2009; WHO, 2011)

Overview of HIV epidemic in South Africa

The HIV and AIDS and STI Strategic Plan for South Africa 2007-2011 aims to
reduce the number of new infections by 50% and increase access to treatment and
support and care by 80% to all people diagnosed with HIV (SANAC, 2007). In order
to meet these targets, the National HIV Counselling and Testing (HCT) Campaign
was launched on 25 April 2010 with the aim of mobilising 15 million South Africans
to know their status. Additionally, a massive male circumcision campaign was
launched as clinical trials have shown that male circumcision reduces transmission of HIV
among men (UNAIDS/WHO, 2009). In the hardest-hit province, KwaZulu-Natal (KZN),
the plan is to circumcise 2.5 million men (UNAIDS, 2010).

South Africa with only 0.7% of the global population has the highest prevalence of
people (5.7 million people) living with HIV. With the largest antiretroviral therapy
programme in the world, South Africa is experiencing substantial public health
benefits associated with improved treatment access (UNAIDS/WHO, 2009 and
UNAIDS, 2010) but for every two people who start antiretroviral therapy, five
individuals were newly infected with HIV (UNAIDS, 2009). South Africa had a
declining population growth rate between 2001 and 2008 suggesting a possible link to
the HIV and AIDS pandemic. In 2001 the HIV and AIDS infection rate for the South
African population was 8.8%. This had increased to 11.6% in 2008 (South African
Institute of Race Relations, 2008). KwaZulu-Natal (KZN) is the “worst afflicted
province” (Thurlow, 2009:1). The prevalence rate varies among the nine provinces,



with recent studies indicating that 26.4% of KZN's working age population is HIV
positive, compared to 15.9% in the Western Cape (Matthews et al., 2008). By 2025,
two-fifths of the KZN adult population would have died from HIV and AIDS
(Thurlow, 2009). The concentration of the pandemic on the economically active
population will have grave implications for South Africa’s workforce (ibid).

According to the Department of Public Works (2004) the construction industry has
the third highest incidence rate of HIV and AIDS compared to other industrial sectors
in South Africa. The workplace provides an ideal platform to reach workers through
the development and implementation of workplace policies and programmes on HIV
and AIDS (ILO, 2010). But, the important role that companies play in addressing
the pandemic has not been optimally utilized. In fact the response of corporate South
Africa to HIV and AIDS has been slow, partial and erratic (Dickinson, 2004b). In a
study conducted by Harinarain and Haupt (2010) it was found that only 10% of 123
building contractors in the KwaZulu-Natal province of South Africa had an HIV and
AIDS policy in place.

The South African construction industry employed over 1.1 million people in 2009
almost double the number of people employed in the industry since the early 2000s.
After two decades of decline, activity in the building industry saw rapid growth from
2004 mainly due to increased spending for the preparation for the FIFA 2010 World
cup (International Organization for Migration, 2010).

The greatest barriers that South Africa faces are a low uptake of HIV counselling and
testing, weak integration of tuberculosis—HIV services and poor access to
antiretroviral therapy. (UNAIDS, 2010). In order to combat these barriers, the South
African government has dramatically increased its funding for HIV and AIDS with
commitments in excess of $ 718 million a year ($1=R6.9639") to finance healthcare
(South African Institute of Race Relations, 2010b).

Overview of HIV epidemic in India

The construction industry in India employs 31.46 million people making it the most
labour intensive industry and the biggest employer in the country. The development
of physical infrastructure in the country has grown at the rate of over 10% annually

during the last five years (Planning Commission-Government of India, 2008)

India, with a population of more one billion people, has an estimated 2.27 million
people between the ages of 15 to 49 years living with HIV (PLHIV), equating to
1.97% of the total population (UNGASS, 2010a). The epidemic in India shows a
declining trend overall with the HIV prevalence among the adult population
decreasing from 0.34% in 2007 to .029% in 2008 (ibid). Even though India is
considered a low-prevalence country, it is ranked third behind South Africa and
Nigeria in terms of the HIV burden. Stigma and discrimination continue to pose
significant barriers to accessing services. India has strengthening its AIDS response in
terms of treatment and care and prevention programmes and scaling up HIV testing
and counselling services. India has committed 67% of its national AIDS budget for
prevention, distributed 245 million condoms and increased access to antiretroviral
therapy from 32% in 2008 to 45% in 2009 (UNAIDS, 2010).

! Exchange rate as at 12 May 2011



Overview of HIV epidemic in Russia

The Russian construction industry has recovered from an industry downturn in 2010
mainly due to high government spending. The industry employs 4.9 million people
which is approximately 7.3% of Russia’s total workforce (Full-Advice, 2011 and
PMR, 2011).

The HIV epidemic in the Russian Federation is increasing, while many other areas in
the world have managed to stabilise their HIV epidemics (Avert, 2011,
(UNAIDS/WHO, 2009). A very serious obstacle is insufficient access to information
on HIV, mainly due to cuts in funding for HIV prevention activities resulting in an
increase in the number of new HIV infections (UNAIDS, 2010). The epidemic is
heavily concentrated (78%) among injecting drug users. In 2009, for every four
patients enrolled on treatment, eleven were newly infected with HIV. An estimated
400,000 HIV-positive people will require antiretroviral therapy by 2015, but funding
trends suggest that there will be a shortfall in those accessing treatment (UNAIDS,
2010). Russia is will experience the greatest number of AIDS-related deaths between
2009 and 2015. In order to prevent thousands more AIDS related deaths, stigma and
discrimination needs to be adequately addressed (AVERT, 2011). Government
financing also needs to be increased for primary prevention, public information and
education on HIV (UNAIDS, 2010).

Overview of HIV epidemic in USA

The construction industry in the USA is one of the largest industries with 7.2 million
jobs. Itis divided into three major segments; the construction of buildings
(residential, industrial, commercial, and other buildings), heavy and civil engineering
construction (sewers, roads, highways, bridges, tunnels, and other infrastructural
projects) and specialized activities related to all types of construction (such as
carpentry, painting, plumbing, and electrical work) (Bureau of Labour statistics,
2010). Growth of 19% is expected in the construction industry.

HIV incidence in the USA has remained relatively stable (UNAIDS/WHO, 2009),
largely attributable to the medical benefits of antiretroviral therapy, prevention and
treatment programmes. The USA is categorized as having a concentrated/low-
prevalence epidemic (UNGASS, 2010b). The Center for Disease Control and
Prevention(CDC) of the Department of Health and Human Services (HHS) estimates
indicate that 1,106,400 people were living with HIV in the United States in 2006
(UNGASS, 2010b) with 14,581 AIDS-related deaths in 2007. (UNAIDS/WHO,
2009).

3. Research Design

Interviews were conducted with Human Resource/Wellness managers of construction
companies in KwaZulu-Natal, South Africa to determine the current state of HIV and
AIDS policies and practice as well as the implications of ignoring HIV and AIDS in
this sector.



From a list of contractors downloaded from the Master Builders Association (MBA)
website, 123 contractors were telephonically contacted to determine if they had a HIV
and AIDS policy in place. Of these contractors only 10% had a HIV and AIDS
policy in place. Of the 12 contractors that had HIV and AIDS polices 67% (8) agreed
to be interviewed.

In 2002, the South African Business Coalition on HIV and AIDS (SABCOHA)
reported that the majority of companies in South Africa had yet to assess the risk of
HIV and AIDS within their workforces and begin to mount a response to this risk.
Not much seems to have changed nine years later as ninety percent of contractors still
do not intend implementing a specific HIV and AIDS policy even though they are
aware of employees who have died from AIDS and that some of their current
workforce are HIV-positive. The reasons given were that they considered themselves
a “small company, and do not have the resources to implement an HIV and AIDS
policy which probably be too expensive and time consuming”. This is in line with
other studies conducted by Connelly (2004); Stevens, Weiner & Mapolisa (2003) and
SABCOHA (2004).

The response of the South African construction industries to HIV and AIDS started
late in the epidemic, with only 12.5% of the companies implementing an HIV and
AIDS policy 8 years ago. The majority of the firms (75%) have their respective
policies in place between 3 to 5 years and 12.5% have only starting implementing
their policy as recently as one year ago.

Dickinson (2004b) offered two explanations for the slow response of South African
business to the threat of AIDS; the first of which was the failure of the South African
government to lead and co-ordinate a national response to AIDS and the second
reason being that senior managers believed that AIDS would not have a significant
impact on their operations.

A majority of the firms (75%) conducted a policy review via an internal audit. The
absence of an evaluation and review by an external party implies that the companies
are working in isolation and probably not in line with ‘better-practice’.

All the firms reported that standard workplace programme elements were the
distribution of condoms and promotion of condom use, HIV and AIDS awareness
programmes and HIV and AIDS counselling. These are usually followed by focused
education and training programmes which included information booklets and
brochures, posters, peer educators, counsellors and workshops, minimizing stigma
and discrimination and wellness programmes. Although employees were encouraged
to get tested, testing was not conducted at the workplace. Disclosure of HIV positive
employees was encouraged via education and training programmes and even though
stigma and discrimination was catered for in all policies, employees did not disclose
their status due to fear of the reaction from co-workers. Although discrimination
against employees on the basis on their status is illegal in South Africa, it is still very
prevalent in the workplace.

All the firms interviewed assisted and continue to assist in communities in which they
worked. This attitude shows an understanding of the need to protect their workforce
and the surrounding communities.



These firms had active Peer educators communicating and guiding co-workers, but
they did not actively involve people living with HIV in the delivery of the
programmes. Peer educators also assisted with treatment referral systems to
employees. UNAIDS (2010) reported that the visibility and involvement of people
living with HIV and AIDS has helped in reducing stigma and discrimination in
organisations. This strategy is one that firms should use more frequently.

Even with workplace policies and education and training programmes in place, the
managers interviewed, still expected future increases in HIV and AIDS prevalence
and incidence rates but did not have any contingency coping plans in place.

While all the firms interviewed had HIV and AIDS policies none of them provided
Anti-Retroviral therapy (ART) to their employees even though the cost of drugs had
substantially reduced. Two of the more important reasons given were that ART
required the availability of medical personnel and disclosure that might result in
discriminated. No voluntary counselling and testing (VCT) programs were being run.
This absence is cause for great concern since VCT is seen as an important part of any
effective response to HIV and AIDS as it encourages employees to know their status.

Eighty percent of the interviewees were unsure what percentage of the company
budget was spent on the implementation of HIV and AIDS programmes. It is
possible that funds were not being utilised or insufficient funds had been allocated.
The majority of firms (60%) placed a greater emphasis on employee health and
wellness programmes, which incorporated other illness such as tuberculosis and
diabetics.

4. Discussion

The construction industry employs millions of people worldwide. The USA
construction sector employs 7.2 million people, the Russian construction industry
employs 4.9 million people and 31.46 million people are employed by the
construction sector in India. Although the South African construction industry only
employs 1.1 million people, it is important that other countries understand the steps
the industry has/has not taken in this fight against HIV and AIDS.

The South African construction industry failed to realise the importance of
understanding the risk that HIV and AIDS posed to their workforce. This resulted in
the implementation of workplace HIV and AIDS policies at a very late stage in the
epidemic. This will be a point of interest to the Russian construction industry as
Russia is experiencing an increase in the number of new HIV infections and is facing
the problem of government withdrawing a majority of its support.

Numerous attempts were made by the South African construction industry to address
stigma and discrimination to very little success. The industry failed to reassure its
employees that disclosure with not result in discrimination from fellow workers. This
is important for India, because stigma and discrimination is concerned a major
stumbling block in fighting the disease. Research has shown (UNAIDS, 2010)
stigma and discrimination can be addressed by education and the assistance of people
living with HIV and AIDS as role models. To date both South Africa and India have
yet to carry out this.



A strong response from the South African construction industry was the educational
programmes run in local communities. The socio-economic upliftment of these
communities is needed to protect the workforce that ultimately comes from and
returns to these communities.

Active involvement and participation of Peer Educators should be encouraged and
supported by management in the Russian and Indian construction industries as the
South African industry has successfully managed to do.

A downfall of the South African construction industry is that they do not conduct
voluntary HIV counselling and testing. VCT is important and should be used as part
of a wider workplace programme. VCT is most effective if employees who test
positive can access antiretroviral drugs. This then leads to the second problem faced
by South African companies as they do not provide ART to employees. In order to
curb the epidemic in Russia and India VCT and the provision of ART is very
important.

5. Conclusion

The failure of the South Africa government to effectively co-ordinate a national
response to HIV and AIDS resulted in a reactive response from business rather than a
proactive response. The private sector in countries across that global need to
understand the extent to which they will be able to shoulder the greater responsibility
that goes with addressing HIV and AIDS.

Although HIV and AIDS is not curable, it can be prevented and treated. But only a
small percentage of construction firms in South Africa appear to be responding to the
current impact of HIV and AIDS. However there are still areas for concern and room
for improvement in terms of ART provision and assistance with VCT. The workplace
also needs to be an environment that is free from stigma and discrimination. HIV and
AIDS has a significant impact on profits and it needs to be a strategic part of
managements decision-making. Ultimately, firms should try to support employees
living with HIV and AIDS for as long as possible and encourage those that are
negative to stay negative through behaviour change.
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Abstract

Current technology exists in roadway construction to control respirable dust and silica
exposure for many tool-specific applications, but under-utilization of dust suppression
systems and a lack of tool-specific training are leading to unnecessary exposure
within the industry. A case-study of cut-off saws in roadway construction was
performed 1) to collect and evaluate real-time inhalation exposure data for a silica-
producing operation, 2) to create training materials using a side-by-side visual
comparison of known dust control options, and 3) to survey construction supervisors
in regards to the effectiveness and usability of the training materials produced from
this assessment.

A real-time aerosol monitor was used to measure respirable dust levels during
concrete cutting, revealing a respirable dust reduction of 80.9% for wet suppression
(n=3) and 78.6% for local exhaust ventilation (LEV) (n=3) when compared to cutting
without dust control (n=3). A task-based analysis of each dust control determined that
these controls were less effective during vertical cuts versus flat cuts (i.e. 67% less
effective for LEV controls and 76% less effective for wet suppression). Best work
practices were derived from this data along with real-time side-by-side exposure
videos of each control method, which were then compiled into tool-specific training
materials. Construction supervisors (116) at a local contractor were trained using
these materials, followed by a 27 question survey regarding the effectiveness of this
training. Of the 101 returned surveys, 85% of supervisors answered “yes” when
asked if they would consider changing current uncontrolled work practices after
receiving the training.

Keywords: Construction, Training, Silica, Health



A Case Study of Real-time Exposure Training in
Construction.

1. Introduction

Crystalline silica is a constituent of many common building materials such as
concrete, stone, and masonry (NIOSH, 2002; OSHA, 2008). Manipulation of these
building materials during construction and demolition generates airborne crystalline
silica particles (OSHA, 2008). Inhalation of resirable-size, silica particles is a causal
agent of progressive lung fibrosis, lung cancer, and other serious autoimmune
diseases (NIOSH, 2002; IARC, 1997). According to the World Health Organization
(WHO), thousands still die annually from these exposures (WHO, 2000). In 2009, the
Occupational Safety and Health Administration (OSHA) released a guidance
document regarding known control options for tool-specific operations in construction
including cutting, grinding, hammering, and drilling (OSHA, 2009). The latest
National Occupational Research Agenda (NORA) agenda for construction has
requested research to explore methods to “increase awareness about silica hazards and
known solutions among construction workers, contractors, owners, and suppliers”
(NIOSH, 2007). The objectives of this case study were 1) collect and evaluate real-
time dust exposure data during hand-held concrete cutting, 2) create training materials
using a side-by-side visual comparison of known dust control options for hand-held
saws, and 3) survey local construction supervisors in regards to the effectiveness and
usability of the training materials produced from this assessment.

2. Background

Cutting concrete produces elevated levels of respirable dust containing crystalline
silica (Croteau et al., 2002; Flanagan et al., 2006; Thorpe et al., 1999). Silica-related
lung diseases are completely preventable by controlling inhalation exposure (OSHA,
2008). Engineering controls such as wet suppression and local exhaust ventilation
(LEV) are preferred over administrative control and respiratory protection because
they reduce exposure at the source (AIHA, 2003). More importantly, a survey
conducted in the U.S. indicated that less than 45 percent of construction contractors
require respiratory protection during the course of work (U.S. Bureau of Labor
Statistics, NIOSH, 2003).

“The workers’ knowledge of risks associated with their tasks, and perhaps more
importantly, how these risks can be controlled, is essential to improve their health”
(Rosen et al., 2005). Video exposure monitoring (VEM) combines video footage of a
process familiar to the worker with the corresponding instantaneous measurements of
exposure. VEM can be used to show workers or management where exposures occur
and how they can be controlled (McGlothlin, 2005). Research regarding the
application of VEM techniques in construction has been limited, with even less
research evaluating the effectiveness of these techniques as a component of training.



3. Materials and Methods

In this case study, real-time exposure monitoring was performed during the cutting of
expansion joints in concrete curbs. The study evaluated exposure during hand-held
cutting without dust control and with two exposure control methods; wet suppression
and local exhaust ventilation. Personal real-time respirable dust monitoring was
accomplished using one DustTrak real-time aerosol monitor (model 8520; TSI, Inc.)
in conjunction with a 10 pm inlet adapter connected to a 10 mm nylon Dorr-Oliver
cyclone. The aerosol monitor was zeroed before calibration, and pre-calibrated to a
flow rate of 1.7 liters per minute. The operator wore the monitor on his lower back
with the cyclone placed on the left lapel. Before the commencement of each sampling
period, the time on the DustTrak was synchronized with the time on a site laptop and
filmed with a video recorder (Rosen et al., 2005). Respirable dust concentrations
were then logged every second for the duration of each sampling period.

Three saw joints were cut consecutively by the operator to assess dust concentrations
as the process progressed. Three consecutive samples were collected for each
exposure control method on the same length of curb within a two hour time period.
After the data was collected, the individual video frames were analyzed with the real-
time exposure concentrations using the reference time filmed at the beginning of each
sample. The real-time exposure videos were rendered using Adobe Photoshop CS4
and Microsoft Visual Basic v6.5 in Microsoft Excel. Video from one sample for each
exposure control method was rendered into a video with a graph of the streaming
concentration below the camera footage. A combined side-by-side video was also
created using the individual rendered videos for all three control options. The cutting
process was then broken into 10 individual subparts, which were then assessed
individually for both peak concentration and exposure contribution (See Table 1). For
each exposure control method, peak exposure was expressed as the median
concentration of the individual peak sample concentrations and mean concentration
was expressed as the overall or grand mean of the individual mean sample
concentrations.

After the exposure assessment was complete, a tool-specific training presentation was
developed using these results. Construction supervisors (116), employees of a local
roadway construction contractor, were trained using the materials as a component of
an internal annual safety refresher. The presentation was followed immediately by an
anonymous 27 question survey regarding the effectiveness of the training and its
components. The 15 minute training presentation first included a brief introduction to
silica, a video of the process without control (video 1), a video rendered with real-
time exposure for the process without control (video 2), and a side-by-side video
rendered with real-time exposure for each control option (video 3). The presentation
was concluded with an explanation of best work practices derived from the task-
based, real-time analysis.

Table 1. Overview of Task-Based Analysis.

Task Task Descriptions
1) Start Begin:  Sample commencement.
Task: Worker preparation for first cut.
2) Flat Cut 1 Begin:  Cutting commences for the first saw joint.

Task: Cut front, flat section of the curb.



3) Head Cut 1 Begin:  Cutting commences on incline of the back, head of the curb.
Task: Cut vertical head of curb for the first saw joint.

4) Walk 1 Begin:  Cutting is terminated for the first saw cut.
Task: Move equipment approximately 10 feet to second curb joint.
5) Flat Cut 2 Begin:  Cutting commences for the second saw joint.

Task: Cut front, flat section of the curb.
6) Head Cut 2 Begin:  Cutting commences on incline of the back, head of the curb.
Task: Cut vertical head of curb for the second saw joint.
7) Walk 2 Begin:  Cutting is terminated for the second saw cut.
Task: Move equipment approximately 10 feet to third curb joint.
8) Flat Cut 3 Begin:  Cutting commences for the third saw joint.
Task: Cut front, flat section of the curb.
9) Head Cut 3 Begin:  Cutting commences on incline of the back, head of the curb.
Task: Cut vertical head of curb for the third saw joint.
10) Finish Begin:  Cutting is terminated for the third saw cut.
Task: All immediate actions following the last cut.

Notes: The completion point of each task is the time immediately before the commencement
of the next task. The last task is defined as a fifteen second period.

4. Results

Real-Time Exposure Assessment

The respirable dust reduction was very similar between wet suppression (80.9
percent) and local exhaust ventilation (78.6 percent) (See Table 2). The wet
suppression control proved to be more effective in reducing peak exposures. The
reduction in peak exposure was 70.0 percent for wet suppression and only 54.6
percent for local exhaust ventilation. Wet suppression also appears to be more
consistent in reducing peak levels of dust throughout the saw process (See Appendix
1). Regardless of reductions in peak exposures, local exhaust ventilation still appears
to be similar in its overall dust reduction capabilities to wet suppression.

A detailed, task-based analysis of the cutting process provided additional information
regarding when the highest exposures occurred during cutting. Without dust control,
both the peak concentrations and the mean concentrations appeared to be much higher
during the head cuts and the walk time following the head cut (See Appendix 2). Wet
suppression also displayed the highest peak and mean concentrations during either the
head cut or the walk time following the head cut (See Appendix 3). LEV revealed
similar results with the exception of the third flat cut (See Appendix 4). Overall,
these controls were less effective during vertical cuts versus horizontal cuts (i.e. 67%
less effective for LEV controls and 76% less effective for wet suppression).

Table 2. Summary Statistics for Exposure Control Methods.

Respirable Dust Concentration (mg/m°)

Median Reduction

Control Trial T  AM(SD) Maximum Peak pt (%)°
None 1 74 2.51(3.71) 14.2

Wet 1 86 1.76(3.75) 17.4

LEV 1 84 316(5.37) 26.0 17.4 2.48

None 2 88 0.38(0.52) 2.09

Wet 2 99 0.34(0.74) 5.77

LEV 2 107 0.70(1.13) 5.20 5.20 0.47 80.9
None 3 137  0.51(1.07) 8.87



Wet 3 118 057(1.05)  7.89
LEV 3 117 .051(0.63)  3.00 7.89 0.53 78.6

Notes: LEV= Local Exhaust Ventilation; Wet=Wet Suppression; T=time in seconds; AM
(SD)= Arithmetic Mean (Standard Deviation); p=grand mean.

A ° %= (/UNone _IUCOntroI)/ luNOﬂexloo

1Error! Objects cannot be created from editing field codes.

A visual analysis of the recorded videos revealed similar results as the quantitative
measurements. For all exposure control methods, the worker was required to bend
closer to the curb during the head cut. During the head cut, the dust was not ejected
cleanly behind the worker, and it was deflected off the ground and towards the
worker. This resulted in a visible cloud of dust around the worker during this task.
As the worker turned to walk, the dust appeared to trail the worker for at least half of
the distance between cuts. As a result, the worker was exposed to the deflected dust
as they walked to the next cut.

Construction Supervisor Survey

The quantitative and visual results from the real-time exposure assessment were used
to develop the training presentation for the supervisor survey. The appropriateness of
the three videos (See Appendix 5) incorporated in the training presentation was
assessed and confirmed using both the quantitative and visual results. For the 116
construction supervisors trained, 101 (87 percent) returned the voluntary survey.
Fifty-one percent of participants considered themselves an onsite worker, 24 percent
as an onsite supervisor, 8 percent as upper management, and 17 percent as other (e.g.
safety professional). Ninety-three percent of these workers reported that they were
aware that dust exposure and a variety of its components were regulated by law prior
to the training. Ninety-seven percent of workers also understood that overexposure to
dust was a significant health concern in construction. The participants were then
asked to rank cost (operation and capital), usability (ease of use), productivity
(operational efficiency), and safety (employee acceptance, exposure reduction,
additional PPE requirements) in order of importance when selecting a tool. Only 66
percent of participants believed safety was the most important.

When asked whether the addition of the exposure graphic below the video changed
their perception of dust levels during this operation, seventy-five percent of
participants answered “yes”. Eighty-five percent of participants also answered “yes”
when asked if they would investigate changing current uncontrolled work practices
after watching the third side-by-side video. Finally, 90 percent of participants would
consider using a video-based training library to train workers for other work
processes. When asked what would utilize free safety training materials,
approximately 31 percent preferred professional organization endorsements, 29
percent preferred placement on a government website, 27 percent preferred the first
return on a search engine, and 13 percent replied with other methods.

5. Discussion
The quantitative real-time concentration values clearly correlated with the visible dust

in the videos. In the side-by-side rendered videos, participants were able to visualize a
very evident dust reduction for both wet suppression and local exhaust ventilation



when compared to no control. In addition, the participants were also able to visualize
the cutting process and the requirements of each control. Seventy-five percent of
workers did feel that the rendered video impacted their perception of exposure
magnitude, and approximately 85 percent would investigate changes to this process
after watching the side-by-side video. Perhaps, most importantly, participants
exhibited interest in using similar videos of other processes to train workers.

In collaboration with NIOSH’s workplace solutions database, the Center for
Construction Research and Training (CPWR) currently provides a comprehensive
database of solutions to control hazards for specific tasks in construction (The Center
for Construction Research and Training (CPWR), 2009). The database is searchable
by construction task, listing hazardous exposures, risks, and practical control
measures for each process. Currently, the database does not include multimedia for
worker training, but could easily be adapted to include exposure monitoring videos.
Inclusion of these videos would be helpful for the contractor during equipment
acquisitions and tool-specific training exercises.

6. Conclusions

Interestingly, this case study exhibited that construction supervisors were
knowledgeable in the risks associated with silica exposure, but many still prioritize by
cost, usability, and productivity above safety and exposure when selecting a tool. The
case study reaffirms the importance of incorporating these factors in control design
and conveying this information appropriately to contractors. An accurate perception
of exposure is critical to the use and implementation of hazard controls. Itis
recommended that an electronic library of exposure monitoring videos be developedl|
to provide contractors with this valuable tool-specific information. The use of these
real-time videos could also play an important role in analyzing motion and time of
processes extending beyond safety and health hazards.
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Appendix 1. Instantaneous Respirable Dust Exposure for Sampling Periods.
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Appendix 2: Task-based Analysis of Cutting Process without Exposure Control.
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Appendix 3. Task-based Analysis of Cutting Process with Wet Suppression.
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Appendix 4. Task-based Analysis of Cutting Process with Local Exhaust Ventilation.
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Appendix 5. Supervisor Training Videos.

Notes: Video 1: Video of cutting process without dust control. Video 2: Rendered
video of cutting process without dust control. Video 3: Side-by-side rendered video
of all three dust control options.
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Prevention through Design: Use of the Diffusion of
Innovation Model to Predict Adoption

Abstract:

The Diffusion of the Innovation Model has been widely used to study the adoption of
new innovations in many industries. The use of this model can provide valuable insight
into the diffusion of Prevention through Design (PtD) health and safety technologies
within the construction industry. This paper reviews the Diffusion of Innovation (DOI)
literature; its applications for construction; and, specifically, for Prevention through
Design (PtD) adoption within the construction industry. The importance of technology
champions is reviewed. Technology champions can be used to aid in the adoption of PtD
technology. However, the false identification of technology champions for PtD
innovations can lead to the misuse or disuse of controls that have been developed. This
paper examines the criteria that exist for the identification of champions and asserts that
safety and technology championship are both critical elements of adoption of prevention
through design innovations.

Key Words: Diffusion, Technology, Adoption, Prevention, Safety, Intervention

1. Introduction

Diffusion of innovation is the process through which an innovation, whether an idea or
product, is communicated over a period of time in a social system and involves some
degree of uncertainty (Rogers, 2003). Innovation is defined as a significant improvement
in a product, process or system that is actually used and which is new to those who will
be developing or using it (Manseau and Shields, 2005). One of the necessary components
of an innovation is the ability of the innovation to improve some aspect of the adopter’s
performance of a work task (Toole, 1998). Two important factors that are involved in the
diffusion of innovation are the discovery of the innovation and the diffusion of it (Ball,
1999). Diffusion involves communication about the innovation to the target adopters
(Koebel, 1999). The Four main elements compose the general diffusion model as outlined
in Rodgers 5" Edition of Diffusion of Innovations (2003) include: the innovation,
communication channels, time, and a social system.

An innovation can be any idea, product, process or object that is perceived as new to an
individual or group (Rogers, 2003). Innovation can take many forms and can be
incremental, in which small changes occur based on current experience, radical, where a
breakthrough in science or technology provides a new change, or modular, where there is
a change in concept within a component of a larger system (Blayse, 2004). For a product,
process or idea to be considered an innovation, it does not need to be something new
pertaining to the time when it was created, but rather the newness of the innovation can
be measured if it is new to the individual or adopting unit. The newness of an innovation



is often gauged on a person’s knowledge, or decision to adopt (Rogers, 2003). The
characteristics of innovation that are the most responsible for influencing adoption are:

a. Relative advantage- Relative advantage is perception that the innovation is better
than the idea, product or process that already is in use by the potential adopter.
If a potential adopter can readily see the benefits of using an innovation there is
greater likelihood for adoption. The greater degree the adopter perceives the
advantage, the more likely they are to adopt.

b. Compatability- Compatability is the degree to which an innovation is perceived as
being consistent with the needs of the potential adopters. Adopters are looking
for products they can incorporate into their systems without much effort and
without having to change values.

C. Complexity- Complexity is the degree to which the potential adopter views the
innovation in terms of how difficult the innovation is to understand or the ease
of use of the innovation. If an innovation is easy to understand and use then the
likelihood of adoption increases.

d. Triability- Triability of an innovation is the opportunity given to use an
innovation on a trial basis before wholly committing to adoption.

e. Observability- Observability is the visible results of the innovation in practice. If
observers can readily see the results of an innovation, the likelihood of adoption
increases. (Rogers, 2003)

These five characteristics should be considered in Prevention through Design (PtD)
innovations because they can aid in adoption. If aspects of these elements are not met, the
missing pieces could represent barriers to adoption of innovation.

Communication is the second main element of diffusion. Diffusion of innovations is
facilitated by tapping into many sources of communication and information (Toole,
1998). The process of communication through diffusion includes the innovation, an
individual or group that has experience using the innovation or a knowledge of the
innovation, an individual or group who does not yet know about the innovation or has not
experienced it, and a way for these two parties to communicate with each other (Rogers,
2003). Many methods of communication are available for use in the diffusion process
including the use of mass media, inter-organizational networks, educational institutes,
research institutions, and professional associations (Sexton, 2004). Different kinds of
communication channels have differing effects on the diffusion process and rate of
adoption. Mass media provides an efficient channel for communication while
interpersonal interactions remain the most important channel for providing information
about innovations and influencing the adoption process (Lin, 1975, Rogers, 2003).

Time is a third element of diffusion of innovations. Time is a variable that is used to
measure the rate of diffusion of an innovation and is one of the strengths of the diffusion
of innovation model. Time is involved in diffusion in three major functions. The first is in
measuring the time that passes from the time knowledge of an innovation is introduced to
an individual or group and the time they adopt or reject the innovation. The second
function time is the time in which an innovation is adopted by an individual or group in



relation to the introduction of the innovation into society. For example a person can adopt
in the early introduction stages of an innovation or can wait and become a late adopter
after seeing others adopt the innovation and use it successfully. A common element of the
Diffusion of Innovation model is the graph of Everett Rogers for Technology Adoption
Lifecycle that shows the distribution of adoption in relation to time shown in Figure
1. The third function of time in the innovation process is the rate of adoption that
reflects the number of members in a system that adopt the innovation in a given
time period (Rogers, 2003).

Innuvators  Early Early Eate Laggards
1.5%  Adopters  Majority Majuority 16%
13.5% 34% 4%

Figure 1: Bell Shaped Graph Depicting Levels of adopters (Rogers, 2003)

Social systems are the fourth element of diffusion of innovations. Social systems could
be individuals, groups or members of organizations. The social system affects the
diffusion of an innovation depending on the social system structure, processes, roles of
members, types of innovation decisions and the consequences of adoption (Rogers,
2003). Innovative individuals known as opinion leaders or change agents are able to
influence other individuals’ attitudes and behaviors (Rogers, 2003). These opinion
leaders also often referred to in innovation discussions as champions can come from
formal leaders or informal leaders in a social system (Howell and Higgins, 1990,
Markham, 2001). Social systems can also influence the adoption of innovation by
deciding to adopt innovations by collective or authoritative decisions. Decisions to adopt
innovations in a social system may be optional decisions that are left up to an individual,
or collective decisions, which the decision to adopt or reject innovations is based on the
consensus of the group. Social systems might also affect the adoption of innovations
through the use of authority innovation decisions in which the decision for adoption lies
with a few individuals who possess power. The fastest rate of adoption comes from
authoritative decisions (Rogers, 2003).




Diffusion in Construction

Innovation in construction offers potential for significant company, social and industry
benefits (Slaughter, 1998). The construction industry has been viewed as an industry that
is resistant to technology and slow to adopt new innovations (Koebel, 1999). Innovation
occurs in construction more than what is recognized by those outside the construction
industry. A lot of the innovations done in construction are done by people working on site
as opposed to large manufacturers (Slaughter, 1993). The importance of PtD innovation
in the construction industry is recognized as a means to improving the quality of life,
productivity and safety (Arditi et al., 1997). The amount of information presented to the
potential adopter can greatly influence the decision to adopt. Innovations can be
categorized into high uncertainty and low uncertainty innovations. High uncertainty
innovations are those in which potential adopters are missing substantial information
relating to for example, long-term performance, total installed cost, safety, and
acceptance by customers. Low uncertainty innovations are those which potential adopters
are missing relatively little information pertaining to these criteria (Toole, 1998).

Much of the research on innovation in the construction industry has focused on the
barriers in the industry (Slaughter, 1993). Adoption of innovations in construction are
defined as occurring when a firm uses a technological innovation in at least 25% of the
cases in which it has an opportunity to use it (Slaughter, 1993). Frequent downturns in
the construction market may deter firms from adopting innovations (Blackley and
Shepard, 1996). Regulatory bodies in construction can also have an impact on the
successfulness of innovations. The development of new products or processes in
construction is not always be welcomed by all parties (Oster, 1977). Stringent standards
for product performance, safety and environmental impacts can create pressure for firms
to innovate improve quality and upgrade technologies (Gann et al., 1998). Unions may
resist innovations that are viewed as labor saving or eliminating products or processes
(Blackley and Shepard, 1996).

Cost, risks, uncertainty and control over limited aspects of the way that construction work
is performed and the products that are chosen makes diffusion of PtD innovations in the
construction industry difficult (Manseau and Shields, 2005). Barriers that affect the
implementation of innovations also include forms of contracts, the cost of research, lack
of information about the innovation or being unaware that one exists and not realizing the
potential cost savings of adoption (Ling, 2003). Many of those in the construction
industry are looking for proof that products and processes will provide an advantage over
existing methods and products (Toole, 1998). Builders are frequently unwilling to adopt
innovations because of the risks that fall on the builder without capturing the benefits
(Manseau and Shields, 2005).

One significant barrier to adoption for PtD methods in the construction industry is that
there is a lack of belief among the users that a hazard actually exists or they lack the
confidence that they are able to control the hazard (Kramer et al., 2009). The lack of
understanding that hazards exist or that controls are available can influence the decisions



of managers. Managers tend to devote more attention to items that are failing than items
that are meeting their targets (Mitropoulos and Tatum, 1999). If a manger doesn’t
perceive there is a problem then they are unlikely to adopt innovations.

2. Using Diffusion Theory to Understand the Adoption-Use of New PtD
Technologies in Construction.

The use of the diffusion model can help in understanding the adoption use of new PtD
technologies in construction. Using the diffusion model as a guide and focusing on the
four elements of the diffusion model, researchers can determine the most effective ways
to increase diffusion of PtD innovation in the construction industry. A review of the four
elements of the model as it pertains to PtD innovation diffusion in construction
companies will be outlined to help understand the barriers that exist to increased use of
new PtD safety technologies in construction.

The Innovation

The four elements of the diffusion model can be used to examine the understanding of
adoption. The five characteristics of an innovation are important determinants in the
decision to adopt PtD technologies in construction.

1. Relative Advantage- The use of PtD technologies must provide the potential
adopter with the perception that the use of the technology is better that the current
method of doing work. This relative advantage could be described as having a
greater advantage in terms of cost, production or safety. An innovation must allow
the adopter to execute actions that increase the organization’s performance
(Toole, 1998). Construction firms tend to innovate when there is a clear potential
for increased profits (Utterback, 1974).

2. Compatability- The use of PtD technologies needs to be presented to the
adopter as consistent with the desired outcomes that current methods produce.
Some innovations can disrupt the working system which could result in delays or
reduced quality creating additional costs (Toole, 1998). Technologies which
construction companies tend to adopt are those that can contribute to the business
quickly with visible results (Sexton, 2004).

3. Complexity- The PtD safety innovations needs to be easy for the user to
understand and the tools need to be easy to use to increase the likelihood of
adoption. New technologies acceptance is helped by the availability of properly
trained and skilled people (Arditi et al., 1997).

4. Triability- Letting companies have hands-on experience using the PtD method
prior to adoption will allow for a risk free trial and improve self-efficacy in the
use of the innovation and will increase the likelihood of adoption. Builders
responses to innovations are considerably different when presented the



opportunity to view and touch the product (Toole, 1998). A high degree of user
involvement is needed in the construction industry innovation process (Manseau
and Shields, 2005).

5. Observability- The innovation needs to be presented in a way that the results of
using the innovation are observable to others. PtD innovations can benefit
multiple trades on site and will be visible to others who will encourage adoption.
Innovators have their eye on advantageous innovations and ones that are easy to
implement (Manseau and Shields, 2005).

Communication

Communication channels can be used in the construction industry to increase adoption of
PtD innovations. Construction safety innovations including PtD innovations face
obstacles due to the limited knowledge of the innovation and the benefits it may provide
(Nooteboom, 1994). Potential adopters of innovations in construction are missing a
tremendous amount of information (Toole, 1998). In the diffusion model, communication
is distributed in different ways. Information concerning the benefits of the usage of PtD
innovations could be achieved through training and re-training courses, as well as
training manuals or distributed informational materials (Gherardi, 2000). Diffusion of
innovation can not be achieved unless others transfer knowledge and diffuse information
about innovations to others (Peansupap, 2005). Knowledge and competence are key
elements that influence the personal safety performance of construction workers
(Langford, 2000).

Time

Time is used in the diffusion model to understand the rate of adoption of innovations. The
time an innovation is introduced to the time it is adopted can be the result of how ready to
adopt the firms may be (Rogers, 2003). Construction innovations tend to face obstacles
that delay the diffusion of innovation due to liability, regulatory codes and the lack of
information (Manseau and Shields, 2005). When presented with innovations, people may
expect that something better will come along shortly so they wait and watch the
experience of others before adopting which is a retarding factor in the time element of
diffusion (Ball, 1999). The relative newness of a PtD innovation may have an effect on
the adoption rate among construction companies. As time goes on and information
increases diffusion is expected to increase.

Social System

Diffusion of innovation in construction firms requires addressing the social system of the
industry. The norms of a social system are the established patterns of behavior for the
members of the system. Norms set the standard and relate to individuals what behavior is
expected (Rogers, 2003). Introducing changes into a construction social system can
create ripple effects that can be difficult to anticipate (Manseau and Shields, 2005). The
culture of a company can play an important role in the adoption of innovations within a



social system and innovations should try to be compatible with the normal behaviors that
are in place. Structural barriers such as building codes, and construction safety and health
regulations can constrain or drive innovations. Safety and environmental factors can
apply pressures for firms to adopt innovations or upgrade technology (Manseau and
Shields, 2005). The use of safety and health information dissemination and the
enforcement of regulations is an effective way to increase PtD innovation adoption
among construction companies as well as other innovations in the construction industry
that increase worker safety and health. The use of regulations creates an administrative
innovation decision where the decision is made by those with authority and takes away
the optional innovation decision of the individual (Rogers, 2003).

Another import aspect of the social system element of diffusion of innovation that can be
used to help in the adoption is the use of technology champions to influence other
individuals’ attitudes towards adoption. Interventions have often used a champions to
provide education, champion a product, or to give support for the innovation. Reviews of
interventions using champions have been found to be moderately successful (Thompson,
2006). The use of champions could be beneficial in the diffusion of PtD technology usage
by using persuasive people to increase the recognition of the innovation and share
experiences. Champions provide a transfer of knowledge at an interpersonal level that
plays an important part in adoption (Koebel, 2008)

Using the four elements of the diffusion model, the innovation, communication, time and
social systems as a guide can influence the adoption of new PtD innovations in
construction. It is recommended that the elements discussed herein be considered and
incorporated into the design of an PtD interventions to increase diffusion of innovation in
the construction industry.

Technology Champions

Frequently the term technology or innovation champion is used to label an individual
who is a leader in the innovation process (Nam and Tatum, 1997). There are many terms
in diffusion research for an individual who acts as a champion, champions are also called
opinion leaders, facilitators, linkage agents or change agents (Rogers, 2003, Thompson,
2006). Research has found that about 70% of construction firms have technology
champions who keep others in the company aware of new products and processes. The
role of champions varies between small and large firms (Koebel, 2008). Champions are
individuals who influence innovation in their organizations or areas of influence (Lin,
1975). The role of a technology champion is to drive innovation and be able to absorb the
risk of adopting innovations. A technology champion can be delegated only if the person
has slack resources and enough power to implement innovations (Ling, 2003).

Champions need to have past experience and resources as in time or money (Nam and
Tatum, 1997). Champions act as gatekeepers of knowledge who help transfer knowledge
and diffuse innovations to others (Lin, 1975). Champions aren’t usually assigned and can
be formal leaders with titles and positions or informal leaders who others look to for
information (Howell and Higgins, 1990). Technology champions feel that using



interpersonal relationships is a key to influencing innovation and understand that
diffusion is a social process (Thompson, 2006). Studies of product innovation success
have shown that champions are influential in overcoming barriers to adoption within
organizations. Champions who promote innovation can influence the organization to
learn about new niches and to develop new processes by fostering communication within
firms and stimulating managers to make decisions about innovation (Howell et al., 2005).

Identifying Innovation Champions

Based on a review of literature, many identifying factors are exhibited by technology
champions. Some of the identifying factors of champions as found in the literature are:

e Highly enthusiastic people who are willing to make special efforts and take risks to
implement innovations, and individuals who have slack resources. (Nam and Tatum,
1997).

e A champion is someone who is open to new ideas (Kramer et al., 2009)

e Champions need to have: a technical competence and understanding of how the
innovation works, a knowledge of the company so they can identify relevant ideas, a
knowledge of the market, a personal drive to push the idea ahead and get decisions
made, and a champion needs to get along with different people and communicate well
(Chakrabarti, 1974)

e Champions are persistent even in the face of obstacles. They exhibit self confidence
in their own ideas and are highly motivated to influence their followers (Howell and
Higgins, 1990)

e Champions are persuasive and willing to take calculated risks and adopt products as
their own to promote them. Personal ownership of an idea is a critical quality of a
champion (Thompson, 2006)

e Technology champions are indispensible sponsors, protectors, and promoters of
innovations who are able to negotiate and balance the opportunities of new
approaches with the risks of departing from the tried and tested (Manseau and
Shields, 2005).

A champion is an individual who recognizes a new technology as having a significant
potential, adopts the project as their own, commits to the project, and seeks to generate
support from other people in the organization. A champion can arise from any level of an
organization, they get resources to keep the innovation alive, they support projects when
there is potential to benefit the champion’s own department and are just as likely to
promote innovation that are failures as they are to promote successful innovations.

Identifying a champion can be difficult but similar qualities exist in the various
definitions of champions. People who are enthusiastic, committed people who are willing
to take risks to implement innovations should be sought out as champions. A person may
view themselves as a champion but a good way to identify a champion is through peers
and senior managers (Howell et al., 2005, Thompson, 2006). These qualities can be used
as good indicators to identify existing champions for new PtD technologies in the
construction industry as well as promoting new champions in the intervention process.



False Champions of PtD Innovation

It is essential to ensure that observed behavior is truly indicative of technology
champion-ship and not some other construct. Management commitment is a strong
indicator of the success of any safety intervention. If manager is not a true champion for a
safety innovation, then the likelihood of the intervention having and impact on worker
safety is diminished because workers can see that safety is not important to the
management’s goals (Marsh et al., 1998). There is a natural tendency for a champion to
want to select out the desirable parts of an innovation to adopt and to reject the rest. This
is often caused by a lack of efficacy of certain elements of an innovation, personal
preferences of champions or strong organizational norms (Bresnen, 2001). An
unbalanced pursuit of purpose shows how in business situations driven by profit and
production, destructive behavior can actually be incentivized. Decision making of
champions can be motivated by market approval, government regulations, and safety
threats that are ethically inadequate since some organizations never take the time to look
at the overall purposes of their chosen practices (Goodpaster, 2000). The problem with
falsely identifying a innovation champion for a PtD innovation is that the champion
might champion the wrong behavior and the intervention may lose its original meaning
and the impact might be lessened (Bresnen, 2001).

Interventions should be aimed at introducing PtD innovations to prevent future potential
injury and illness among workers. Preventative safety innovations have been perceived as
having low relative advantage as compared to other innovations that are designed to
create a profit (Rogers, 2002). Perceived relative advantage has been found to be the most
important predictor of the rate of diffusion causing preventative innovations to be slowly
adopted. Increasing the rate of preventative innovation adoption can be helped by
increasing the perceived relative advantage (Rogers, 2003). If safety prevention is the
only perceived relative advantage then the innovation will be unlikely to be adopted
(Rogers, 2002). The encouragement of true champions in PtD interventions will to help
diffuse information through social networks.
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Abstract:

Construction dust is one of the most concerned pollutants presenting risks to human
health. Dust from construction activities, particularly true for silica dust, have an
adverse effect on the local environment and on the health of local residents, as well as
on those working on the site. There is a long-term concern about the over exposure of
construction workers to respirable crystalline silica. The high exposure to silica, even
over a short period, can lead to silicosis. No comprehensive study has been conducted
in a holistic way to evaluate the effectiveness of current dust control practices in
Hong Kong’s construction industry. Therefore, the authors proposed this research
aims to evaluate the effectiveness of construction dust control practices in Hong Kong.
The current dusty work processes and trades were firstly identified through a series of
interviews and focus group meetings. Personal respirable samples were then collected
and analysed based on NIOSH 7500 method. This paper presents the staged outcome
of this research on the concrete breaking and drilling process. 48 samples have been
collected and analysed. The results showed that the concentration of silica dust in
more than half of the samples exceeded the current recommended threshold limit
value of 0.05mg/m®. The main dust control measures during concrete breaking and
drilling process are wet methods and fans, and the respiratory protection was also
inadequate. Therefore, there is a strong need to devise methods for controlling
workers' exposure to crystalline silica dust during concrete breaking and drilling
activities in Hong Kong construction industry.

Key words: Dust control, Silica dust, Silicosis, NIOSH 7500, Concrete breaking and
drilling.

1. INTRODUCTION

Dust is defined as all particulate matter up to 75 um in diameter according to BS6069
and comprising both suspended and deposited dust (British Standards Institution,
1988). Dust from construction activities, particularly true for silica dust, have an
adverse effect on the local environment and on the health of local residents, as well as



on those working on the site. There is a long-term concern about the over exposure of
construction workers to respirable crystalline silica (Chisholm, 1999; Flanagan et al.,
2003; Valiante et al., 2004). The high exposure to silica, even over a short period, can
lead to silicosis. In Hong Kong, silicosis has been the most common occupational
disease for the past several decades. According to a report published by Occupational
Safety and Health Branch (Labour Department, 2010), around 100 new cases of
silicosis were reported each year during the period of 2000-2009. Construction dust
and its impact on the local environment, as well as health and safety, have come into
the focus of various concerned parties including workers, clients, contractors, and the
general public.

It appears that no comprehensive study has been conducted in a holistic way to
evaluate the effectiveness of current dust control practices in Hong Kong’s
construction industry. Ng et al. (1987) and Wong et al. (1995) investigated the silica
hazard of caisson construction in Hong Kong, which has contributed to knowledge of
silica hazards in Hong Kong’s construction sector. But the construction practices have
changed a lot since then, evidenced by the ban of hand-dug caissons in 1995 and the
promulgation of the Air Pollution Control (Construction Dust) Regulations in 1997. It
is vital that the current dust control practices are closely monitored, and their
effectiveness is presented unambiguously to various concerned parties.

In order to better understand current dust control practices in the construction industry
in Hong Kong, a study is now conducted to investigate the current practices in dust
control and their effectiveness in the Hong Kong construction industry. This
knowledge should in turn lead to better practices of dust control in this region and
highlight the areas where improvements are needed.

As part of the above study, this paper mainly focused on dust exposure situation
during the process of concrete breaking/drilling. The major research methods were
NIOSH 0600 and 7500. Following these methods, personal respirable samples were
collected and analysed to determine the respirable dust and silica dust exposure of
workers during the process of concrete breaking/drilling.

This paper first lists the current dusty work processes/trades and the corresponding
dust control measures taken in Hong Kong construction industry which were
identified through interview and focus group meetings. It then turns to present the
analysis results of personal respirable samples. Discussions and future works are
briefly introduced at the end of this paper.



2. CURRENT DUSTY WORK PROCESSES IN HONG KONG

CONSTRUCTION INDUSTRY

In order to identify the current work processes and work trades that general most dust
and silica dust in the construction industry in Hong Kong, a thorough literature
review was conducted first to produce an initial list of dusty work processes and
trades in the construction industry worldwide. The Initial List was then scrutinized
and verified through two interviews with Registered Safety Officers (RSOs) from
Hong Kong construction industry. A focus group meeting was then designed and
conducted with two professional associations in Hong Kong: the Construction
Industry Safety Management Association (CISA) and Society of Registered Safety
Officers (SRSO). The meeting lasted for around 2 hours and total twenty-one RSOs
joined this focus group meeting, including 2 CISA members and 19 SRSO members.

During the focus group meeting, a brief introduction to dust control and this research
project was first presented. Since the top five work processes from each type of
projects that generate most dust were planned to be identified for sampling purpose,
each participant was then given 5 red dots (for work processes) to “spend” on the
Initial List of work processes based on frequency of occurrence and expected level of
dust/silica dust produced. Then, each participant was asked to stick all their dots to
the processes/trades which they thought were dusty. Then, the work processes/trades
were ranked based on the dots they received. A guestionnaire survey was then
conducted to collect the views from the participants on the dust control measures
taken for the selected dusty work processes and trades. After the focus group meeting,
seven more interviews with RSOs were held, together with two focus group meeting:
one with HKOSHA (Hong Kong Occupational Safety and Health Association)
members and the other with SRSO committee members, to further verify and validate
the results. The interviews were conducted in the interviewee’s offices and each
lasted for 1.5 to 2 h. The Final List of dusty work processes and corresponding dust
control measures are shown in Tables 1.

Table 1. Dusty work processes and the corresponding dust control measures

Work processes Dust control measures

wet methods/

P1 [Excavation . . .
respirator/isolation

P2 [Rock drilling & breaking wet methods/respirator
P3 [Loading & Unloading construction waste (rock) respirator
P4 |Soil nail/ Rock bolt wet methods/respirator

wet methods/

P5 |Cement mixing for Shotcreting/grouting respiratorfisolation

P6 |Cutting (e.g. concrete, brick and other similar wet methods/respirator




materials)

P7 |Grinding (e.g. concrete, marble, granite) wet methods/respirator
P8 [Concrete breaking and drilling wet methods/respirator
P9 |Debris removal respirator
P10 |Drywall finishing (Sanding) respirator
P11 |Manual demolition (concrete structure) respirator

Heavy equipment demolition (Hydraulic hammer

P12 breaking/crusher)

respirator

P13 |External wall tile removal wet methods/isolation

3. RESEARCH METHODS TO |IDENTFIY THE DUST

EXPOSURE DURING CONCRETE BREAKING/DRILLING

This paper focused the staged outcome of this research on the concrete breaking and
drilling process. The main research methods taken were NIOSH 0600 and 7500
methods. Following these methods, personal respirable samples were collected and
analysed to determine the respirable dust and silica dust exposure of workers during
the process of concrete drilling.

3.1 Sampling Methods

Personal respirable samples. Personal respirable dust samples were collected using
pumps (GilAir-3) connected to 10 mm nylon cyclones, as shown in Fig. 1. Each set of
sampling equipment was calibrated to a recommended flow rate of 1.7L/Min using an
airflow calibrator. The sampling medium was a 37 mm, 5.0 um pore size PVC filter,
supported with backup pad in a two-piece cassette filter holder. This 10 mm nylon
cyclone with its attachments was a light weight, size-selective particulate collector
recommended by NIOSH (NIOSH, 1998).




Fig. 1 A worker wearing the sampling pump

The duration of samples were determined by the limit of detection (LOD) parameters
of laboratory analysis and the actual operational time of each work process/trade.
From LOD perspective, the duration of samples should be longer enough for the
laboratory analysis to detect the presence of silica, which gives the duration a lower
duration limit (LDL). The LDL could be calculated by the following equation:

LDL= LOD/REL (NIOSH)/Flow rate = 118 min

(LOD: 0.01mg, REL (Recommended Exposure limit) by NIOSH: 0.05mg/m3, Flow
rate: 1.7 I/min)

Therefore, the duration of samples should be more than 118 mins. For the samples
collected during the process of concrete breaking/drilling, the duration of samples
varied from 155 to 270 minutes.

The environmental conditions were measured using a 5-in-1 weather meter (MODEL.:
AZ 8910). Humidity, temperature, wind direction and velocity were recorded at the
beginning, middle and end of each sampling processes. If a subject’s orientation to
the wind direction was observed that the wind blew dust away from the worker,
“Upwind” was then recorded; otherwise, “Downwind” was recorded.

Bulk samples. In order to determine the presence of silica and the relative percentage
of different forms of silica (quartz, cristobalite, tridymite), one bulk sample was
collected for each work process/trade at each site, which means at least one bulk
sample was collected for each different material. Since the bulk sample should be
representative of the airborne dust to which the workers are being exposed, settled
dust was collected as the bulk sample (NIOSH, 1998).



3.2 Laboratory Analysis

Two different analysis methods were used for personal samples and bulk samples. All
analyses were conducted by a laboratory at Hong Kong Polytechnic University. The
LOD and LOQ (limit of quantification) were 0.01 mg and 0.03 mg respectively.

Personal samples. All personal samples were firstly analyzed for total weight
according to NIOSH 0600 method using Mettler-Toledo XP 26 balance, which gave
the concentration of total respirable dust. The samples were then analyzed by X-ray
following NIOSH 7500 method.

Bulk samples. A quick qualitative analysis on the bulk samples using X-ray in
accordance with NIOSH 7500 method was conducted to determine the presence of
silica and the relative levels of the three silica forms. If the presence of silica was
confirmed and the major percentage of silica is quartz, the personal respirable
samples collected for this work process/trade were only analyzed for quartz.

4. RESULTS AND DISCUSSIONS

48 personal samples have been collected from 6 sites which were operated by 4
different contractors (two large and two small contractors). Four bulk samples have
been collected and tested. The results showed that the settled dust contained silica and
more than 92% existed as quartz (as shown in Table 2). Therefore, only the quartz
was tested for all the samples during the X-ray analysis.

Table 2. Component percentage of crystalized silica in bulk samples

Sample code Quartz (%) Cristobalite (%)
S3B1 99 1
S3B2 95 5
S17B1 98 2
S13B1 92 8

Note: S-Site; B-Bulk sample

4.1 Calculation of Equivalent 8-hour TWA

Since the concrete breaking and drilling process is usually performed for a whole
working day, the concentrations of the process specific samples were taken as the
8-hour TWA results with the assumption that the concentration during the whole
exposure period stays the same as the concentration during the sampling period. The
limitation is that other potential exposures during working time other than the
sampling period have not be taken into consideration.




4.2 Analysis Results

Forty-eight personal respirable samples have been collected and two out of them were
not valid for NIOSH 0600 analysis, for the net weight values of the filter papers were
below or equal to zero. Out of the 48 valid samples, 46 were analyzed for the total
respirable dust and respirable quartz concentrations. The results showed that one of
the measurements taken during the process of concrete breaking/drilling exceeded the
exposure limits for the respirable dust concentration (5 mg/m®) and twenty samples
exceeded the respirable quartz limit (0.05 mg/m®) (See Table 3).

The hypothesis of normal distribution could not be rejected for logarithmically
transformed respirable dust concentration values (Kolmogorov-Smirnov test,
p=0.702>0.05). Therefore, it could be assumed that the respirable dust concentration
values followed a lognormal distribution. Since less than the half of respirable quartz
concentration values (20 out of 46 samples) were below LOD, the non-detectable

values were replaced as follows: LOD/(v2*Volume) for the GSD were less than 3
(Hornung and Reed, 1990). The GMs were calculated as shown in Table 3.

Table 3. Respirable dust and respirable quartz exposure by construction
workers during the concrete drilling/breaking process

Samplin Respirable dust, mg/m® Respirable quartz, mg/m®
g Abov
Site duration | AM Above GM Below e
. N* . . GM . Range .
(Size) ,min | (min- (GSD) Limit, (GSD | LOD A Limit,
(min- | max) 5mg/m? ) (%) 0.05
max) mg/m®
0.50
Site 2
(Large | 15 | 171-230 (0.11| 0.35 0 0.03 10 0.04- 4
) 9 -2.60 | (2.22) (1.89) | (66.7) 0.16
)
Site 1.19
13 15 | 170-240 (0.45 | 1.06 0 0.07 3 0.03- 1
(Small -2.34 | (2.22) (2.21) (20) 0.17
) )
Site
14 1
1 155 0.17 0.17 0 0.03 - 0
(Small (100)
)
Site 1.25
17 15 | 165270 (0.13 | 0.1 1 0.03 6 0.03- 4
(Large -11.7 | (2.98) (1.95) (40) 0.12
) 1)
Total | 46 | 155-270 | 0.96 0.56 0 0.04 20 0.02- 19




0.11 | (2.58) (2.19) | (435) | 063
117
1)

N*: Number of valid samples analyzed
Range”: Range of remaining samples

Respirable Dust and Respirable Quartz Dust. Table 3 shows that only one of the
total forty-six valid samples collected during the process of concrete drilling/breaking
were below the exposure limit for respirable dust (5 mg/m®). The AM and GM of the
total samples were 0.96 mg/m*® and 0.56 mg/m°, which suggests that the dust
exposure levels of workers during the concrete breaking/drilling process were
relatively high.

There were nineteen samples that were above the exposure limit of 0.05 mg/m?®, and
the GM and peak values of total samples were 0.04mg/m*® and 0.63 mg/m°. It
indicated that the quartz exposure level were high during the concrete
breaking/drilling process.

4.3 Comparison between Large Contractors and Small Contractors

There were two major tools involved: hand drills and pneumatic drills. Since the tools
were not exactly the same, the comparison studies between large contractors and
small contractors have not been conducted.

Dust control measures & PPE. Since different tools were used during the concrete
drilling/breaking process, they were introduced respectively in the following section:

® Pneumatic drills (as shown in Fig. 2). Pneumatic drills were used at site
2 (large contractor) and site 17 (large contractor). At site 2, workers used
pneumatic drills to remove the unwanted pile-top. As shown in Table 3, the total
respirable dust concentrations were blow the limit. However, there were 4
samples that exceeded the quartz exposure limit with a range from 0.05-0.16
mg/m®. Among the 15 samples, different dust control measures were used: water
spray only (11 samples), fans only (2 samples), fan and water spray (2 samples).
All workers wore PPE for respirable protections (half-face respirator or N95),
which were adequate to reduce the exposure level to below the limit. It could be
concluded that the dust control measures together with the PPEs (if properly
worn) at site 2were effective. At site 17, pneumatic drills were involved in 13
samples. As shown in Table 16, the total respirable dust concentrations were
relatively high. 25% samples were over the exposure limit of respirable quartz
with a peak value of 0.11 mg/m? (2.2 times of the limit). However, there were no
dust control measures. Respirable protection was not enough either. Workers
were only found to wear N95 or half-face respirators during fours samples. Wet
towel were used by workers during two samples the quartz concentration values
were 0.11 and 0.04 mg/m?® respectively. It could be concluded that the dust
control measures and PPEs were inadequate at site 17.




Fig. 2 Pneumatic drill (left) & Hammer drill (right)

Table 4. Respirable dust and respirable quartz exposure at site 17

Respirable dust, mg/m?

Respirable quartz, mg/m®

Abov
Site N Tools AM GM Above Y Below Ran e
(Size) | * (min-max | (GS | Limit, (GSD) LOD eAg Limit,
) D) | 5mg/m® (%) 0.05
mg/m®
1.46 0.61
Pneumati 0.03 4 0.03-
12 0.16-11.7 | (2.90 0 3
caril | 1 () (1.80) | (33.3) | 0.11
Sit
ite 17 053 | 0.35
(Large | | and arill | (0.13-0.92 | (3.99 0 00511 o] 1
) ' \ ' ) (355) | (50) |
Hammer
1 ] 0.14 0.14 0 - 1 - -
and chisel
1.25 0.51 0.03 5 0.03
Total | 15 - 0.13-11.7 2.98 0 ' o 4
) ( \ (1.95) | (40) | 0.12

N*: Number of valid samples analyzed

Range”: Range of remaining samples

Hand drills. Hand drills were used at site 13 (small contractor) and site
17(large contractor). As shown in Table 3, both the total respirable dust and
respirable quartz dust concentrations were high. 73.3% samples exceeded the
quartz concentration limit, and the range was 0.07mg/m? (1.4 times)-0.17mg/m®
(3.4 times). According to Appendix 7, the only control measure was using fans
for ventilation. Workers wore N95 during the majority samples, however,
workers were found to wear surgical masks during three samples. Surgical mask
is not an effective respirator for dust. It was suggested workers should wear
respirators with Assigned Protection Factor (APF) =10 (e.g. N95) when using
hand drills. At site 17, two samples were collected and the concentrations of
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quartz were 0.12 mg/m?® and below LOD. The PPE was N95. The above results
showed that workers could exposure to high level of dust and silica dust when
using hand drill to break or drill concrete. Usually, there are no control measures
taken. Fans are used sometimes to control the dust. Therefore, it is strongly
recommended that the workers should wear appropriate respirators (APF=10).
Surgical masks and wet towels must not be used as respirators.

5. CONCLUSIONS & FURTHER RESEARCH

The analysis results suggested that both the respirable dust and respirable quartz dust
concentrations were high. The GM and peak quartz concentration values of total
samples were 0.04mg/m® and 0.63 mg/m® (12.6 times of limit). The dust controls
measures were also inadequate. There were three common methods: fans (33%), 27%
(wet methods) and respirators (73%). None of them were using LEV system to
control dust. Some workers were still using wet towels or surgical masks as
respirators. Appropriate dust control measures (wet methods, LEV and respirators)
are highly recommended for the contractors during the concrete breaking and drilling
processes.

This paper only presented staged outcomes on the processes of concrete breaking and
drillings in Hong Kong construction industry. More than 500 personal samples have
also been collected on other dusty work processes listed in Table 1. All these samples
will be analysed to evaluate the effectiveness of current dust control practices in
Hong Kong construction industry.
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Abstract

A prior exploratory survey demonstrated, inter alia, that architectural designers: perceive
H&S to be the contractor’s problem; do not adequately conduct hazard identification and
risk assessments during the design process; concur that appropriate design and
specification can mitigate health, safety, and ergonomic risks; concur that design
education is inadequate in terms of construction health, safety, and ergonomics, and
further concur that associated risks can be mitigated through improved design education.

This paper presents the findings of a quantitative pilot study conducted among a regional
group of architectural designers registered with the South African Council for the
Architectural Profession (SACAP) to determine what would encourage architectural
designers to proactively mitigate construction hazards and risks through design.

The salient findings are: architectural designers need ‘designing for construction health,

safety, and ergonomics’ competencies; a guiding approach or model should be developed
and incorporated into architectural education and ongoing training; the guiding approach
or model should be technologically grounded and should not stifle architectural freedom.

The findings, although arising from a pilot study, will contribute significantly toward

questionnaire development for a PhD study, which ultimately aims at mitigating
construction health, safety, and ergonomic risks through architectural design.

Keywords: architectural designers; construction: health, safety, and ergonomics.
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1. Introduction

The South African construction industry, as worldwide, is dangerous. The outdated
Compensation for Occupational Injuries and Diseases (COID) report (Compensation
Commissioner, 1999) suggests that of the listed 24 industries, Building and Construction
ranks ninth in terms of accident frequency rate, fifth in terms of accident severity rate,
and third in terms of accident fatality rates.

The South African Construction Regulations were promulgated in 2003 and require a
multi-stakeholder approach to construction health and safety, inclusive of designers
(Republic of South Africa, 2003), while SACAP expects “... registered persons to
competently carry out their duties with integrity.” (Goldswain & Smallwood, 2009) The
impact on ‘designing for construction health, safety and ergonomics’ remains
questionable. The traditional ‘cost, quality and time’ project success measurement tool is
no longer applicable and needs to embrace construction health, safety, and ergonomics
(Mroszczyk, 2005; Schneider, 2006; Smallwood, 2006). Numerous studies suggest that
half of construction accidents can be eliminated through proactively ‘designing for
construction health, safety, and ergonomics’ (Health and Safety Executive (HSE), 2003;
Beam, 2006; Toole and Gambatese, 2006).

The literature review considers a range of factors, which can exacerbate construction
hazards and risks leading to accidents. It identifies predominant accident types leading to
construction related illness, injuries and fatalities. A discussion on ‘mitigation of hazards
and risks through design’ suggests that up to half of construction accidents could be
avoided through design, and entertains separate discussions on construction health,
construction safety, and construction ergonomics. Approaches toward mitigation of
construction hazards and risks are exposed in the form of lists of recommendations and
models which have been devised to engage, inter alia, designers in the process of
‘designing for construction health, safety, and ergonomics’. In closing, relative
perceptions of architectural designers are exposed through a prior exploratory survey.

This qualitative pilot study forms part of a PhD (Construction Management) study, which
ultimately aims to realise a paradigm shift relative to construction health, safety, and
ergonomics. The objectives are to determine the perceptions of architectural designers as
to:

e Whether they engage in ‘designing for construction health, safety, and
ergonomics’ or not, and to establish the need for development of competencies;

e What mechanisms could be introduced which would promote engagement and
commitment to the process, and

e What format the introduced mechanisms should take.



2. Review of the literature
Accident factors and causes of illness, injuries and fatalities

A convergence of factors leads to construction accidents. Firstly, ‘proximal factors’,
which include the attitude, ability, awareness, health and fatigue status of workers, as
well as site hazards created in the absence of suitable planning, management and
supervision. Secondly, ‘distal factors’ include issues surrounding design, in terms of
choice of material and equipment and the application of the design situation. Similarly,
these factors can be grouped as worker factors, site factors and material / equipment
factors, which stem from ‘originating influences’, such as permanent works design, inter
alia, which in turn are affected by client requirements, economic climate and the
education, knowledge and experience of the people involved (Health and Safety
Executive (HSE), 2003; Gibb et al., 2006).

The main causes of illness, injuries and fatalities in South African construction and
internationally are ‘falls onto different levels’, ‘motor vehicle accidents’, ‘struck by’,
‘inhalation, absorption and ingestion’, and ‘work-related musculoskeletal disorders’
(WMSDs) or ‘body stressing’ (The Health and Safety Executive (HSE), 2006; Penny,
2007; Weitz and Luxenberg, 2008; Bureau of Labour Statistics (BLS), 2008;
Construction Industry Development Board (cidb), 2009; Safe Work Australia, 2010).

Mitigation of hazards and risks through design

Toole and Gambatese (2006) suggest that mitigating hazards and risks can be achieved
by conducting reviews at various stages of the design process, while Beam (2006)
suggests that one third of the hazards and risks ... could have been eliminated or reduced
if design-for-safety measures had been implemented”. The HSE (2003) suggests that up
to 50 of 100 studied cases could have mitigated the hazards and risks through alternative
design.

Construction health hazards and risks include inhalation, absorption and ingestion of
hazardous chemical substances (HCSs), which can lead to a range of illnesses and
ultimately death (Smallwood and Wheeler, 1999). Cowley et al. (2000) advocate Bender
and Hadley (1994) and suggest more pressure be applied on manufacturers of HCSs to
improve hazard information on packaging to make ‘upstream target groups’ more aware
of the risks presented by using specific products.

Construction safety hazards and risks include ‘motor vehicle accidents’, “falls onto
different levels’ and ‘struck by’ possibilities, as well as electrical contact, contact with
moving parts of machinery and vehicles, fire and explosion, excavation collapse, and
working in confined spaces (Deacon and Smallwood, 2010). Cowley et al. (2000)
advocate The Consultancy Company (1997) suggesting that by the time hazards are
assessed it is usually too late to intervene.



Deacon and Smallwood (2010) suggest that construction ergonomic hazards and risks
include repetitive movements, working in awkward positions, climbing, heavy equipment
and material handling, bending or twisting, reaching overhead or away from one’s self,
noisy and vibrating tools, use of body force, working in limited space, reaching away
from the body, working in a varied range of weather conditions, and working while
injured. Rotation of activities and rest periods can alleviate problems, however ultimate
risk mitigation can be achieved through avoidance of labour intensive construction
(Deacon and Smallwood, 2010).

Approaches toward mitigation of construction hazards and risks

Beam (2006) presents a list of design suggestions originally developed by Gambatese
(1996) suggesting modifications to permanent features of projects. For example: Design
the parapet to be 42 inches tall. A parapet of this height will provide immediate
guardrail protection and eliminate the need to construct a guardrail during construction
or future roof maintenance.Beam (2006) created a new list of design suggestions. For
example: When design features, such as ventilation systems, trash chutes, chimneys, and
elevators, cause floor openings to occur during construction, provide a warning in the
plans and specifications for construction, and design in permanent guardrail systems
and sequence them in early in the construction process for use by all contractors;

Numerous researchers contend that up to half of construction accidents can be mitigated
through design, which can be enhanced by conducting construction H&S reviews
throughout design stages (Toole et al., 2006; Toole and Gambatese, 2006; Beam, 2006;
HSE, 2003). To this end two models come to the fore, namely the United Kingdom’s
Gateway model (HSE, 2004) and the Australian CHAIR model (WorkCover NSW,
2001). These differ and are not elaborated here, but focus on a multi-stakeholder
approach requiring interim assessments of designer’s work, inter alia, with construction
health, safety and ergonomics being an inclusive factor.

Perceptions of architectural designers

A prior quantitative exploratory survey was conducted to determine the perceptions of
architectural designers with regard to the mitigation of construction health, safety, and
ergonomic risks through appropriate design (Goldswain and Smallwood, 2009).

The paper is not elaborated here, but the most significant findings include: architectural
designers do not adequately conduct hazard identification and risk assessments during
the design process; appropriate design and specification can mitigate health, safety and
ergonomic risks; design education inadequately prepares architectural designers in
terms of construction health, safety, and ergonomics and associated risks can be
mitigated through improved design education.

It recommended additional research with regard to ‘designing for construction health,
safety, and ergonomics’, which should be fully integrated into appropriate tertiary
education design programmes, as well as Continuing Professional Development (CPD)
courses.



3. Methodology

A quantitative pilot study was conducted among a regional group of architectural
designers registered with the South African Council for the Architectural Profession
(SACAP) to determine what would encourage architectural designers to proactively
engage in mitigation of construction hazards and risks through the design process.

The process involved development of thirteen semi-structured interview questions in
order to determine the perceptions of architectural designers as to:

e Whether they engage in ‘designing for construction health, safety, and
ergonomics’ or not, and to establish the need for development of competencies;

e What mechanisms could be introduced which would promote engagement and
commitment to the process, and

e What format the introduced mechanism should take.

Approximately 60 telephone calls were made to set up interviews. Of these, twelve
interviews were secured and only 10 took place due to two cancellations. Interviews were
recorded and corresponding hand written notes were captured.

4, Findings

The data gathered is too rich for inclusion in a concise paper, but will serve toward the
greater PhD study. Only responses to the more pertinent questions are included here.

To the question ‘Do you believe that construction hazards and risks can be mitigated
through alternative design?’ 80% of respondents confirmed their belief, with
commentary suggesting that:

Everything has risks, which can be minimised through design and material choice;
It is the responsibility of the architect to understand construction technology;
Risks need to be identified and managed correctly;

There are definitely ways, but the form of buildings should not change;
Construction methods should take safety and worker ability into account;

Risks can be reduced by pre-manufacturing and spending less time at high levels;
One should mitigate risks, but this should not become a driver for design, and
There is a lack of awareness and the profession should advise and set out
preambles.

20% of respondents do not believe that mitigation of hazards and risks is a design issue.
Commentary includes:

e [t doesn’t really matter as the risks and dangers are contractor responsibility, and
e It is not so much design as management of site procedure.



To the question ‘Do you actively engage in ‘designing for construction health, safety, and
ergonomics’? (Please support your answer with an explanation of ‘how’ or alternatively
with ‘reasons’ for not engaging)’ 60% of respondents suggested that they do actively
engage, Yyet the responses suggest that the understanding and level of engagement is
minimal. Some selected commentary suggests:

Some design occurs with health and safety in mind but it cannot be specified on
drawings;

Not when taking form into account, but maybe when starting to detail things;

It is kept in back of mind, but is not a sole reason;

To a certain extent, risks are noted and sorted out;

I think I do ... it’s not at the forefront of one’s mind, and

One does or should ... we don’t think about it enough.

40% responded to the negative, with commentary including:

I don’t think one can ... don’t consciously think about it;

I wouldn’t say we actually design for it ... the challenge is to look at how it can be
done;

Inspectors check on how a contractor manages his staff, and
Not specific, it depends on the project.

To the question “Is there ‘something’ which could be introduced that would encourage
architectural designers to engage in ‘designing for construction health, safety, and
ergonomics’?” 60% of respondents offered positive suggestions, which include:

Educating people ... tedious to implement ... should not limit design;

Ongoing education to keep it at the forefront of one’s mind ... it’s becoming more
visible as a topic;

It is more a case of awareness, even at university level ... it stems back to
Architectural School days;

One may be able to make up manuals ... needs to be brought to our attention ... an
awareness is needed,

Training should include on site experience ... mentorship is lacking, and
Architects should have hands on knowledge of what the contractor encounters.

40% of respondents were less forthcoming with suggestions and commentary including:

Nothing specific ... think it’s logic;

Wonder if it happens in high architecture ... nothing off hand,;

No — dangers come more from under-design by engineers, and

Can’t think of anything off hand ... would hate design to be stifled. Is there a
design criteria? ... I don’t think there can be.



To the question “In terms of your recommendation, is there any specific means or format
which could be integrated into the design process in order to promote ‘designing for
construction health, safety, and ergonomics’?” 80% of respondents offered positive
input, while 20% did not respond. Commentary includes:

Find out how to do it safely ... stipulate how it’s got to be done;

Education ... consulting agents or representative visits ... buy-in is required,

An ongoing process to sensitise people ... CPD makes it easier to introduce;

Some sort of methodology is crucial ... a method or awareness of the building
programme;

Not sure of a format (earlier suggested manual) ... it should make a worthwhile
contribution ... something which reminds one to think about it all the time;

More time spent on the design development stage could benefit ... to build it in,
we do Advanced Technologies as part of our design course ... it’s glanced over ...
we don’t fully understand how things are put together;

It should be integrated into the training process ... in terms of the architect going
through six years of training, and

Architects need to understand how buildings are put together and how
methodologies are spelt out ... but the contractor is the expert in building.

To the question “How could the aforementioned means or format be integrated into your
everyday design process?” 70% of respondents offered positive commentary:

It should be part of integral thinking ... part of design and documentation;
Architects should build up specialist knowledge over time;

It is up to the professional... we need to educate the client to trust the professional;
The fundamentals of health and safety should be discussed, even at university,
and should be monitored and recorded;

Keep it real and honest — practical and buildable. Do not simplify form and make
architecture less exciting and stimulating ... methodology should check and
double check your decisions as you proceed;

Education must be relevant and must address the real problems of design, and
What must not happen ... we must be very careful with any manual ... it must not
be prescriptive and must invite deeper thinking ... if you start closing doors, your
design process will be stunted and you can’t have that.

30% of respondents did not contribute effectively:

Never really thought of it;

We do specify that contractors should conform to safety standards; and

Accidents seen are due to on site carelessness ... no problems where architectural
designs are not safe.

To the question “Do you feel you have the necessary competencies to ‘design for
construction health, safety, and ergonomics’, and how could these competencies be



enhanced?” 40% of respondents felt that they have the necessary competencies, although
commentary suggests otherwise:

e Must do ... most definitely ... working with an engineer the combined effort must
cover those sort of things;

e [ believe I’ve got the competencies ... to enhance those competencies one would
need to interact with contractor to find out how things could be improved;

e Yes, but we must understand our limitations ... ask for help when we need it and
consult with specialists. Experience helps — and do the research, and

e We have the competencies because we are designers ... we can design anything.
The only way to enhance those competencies is by being made more aware.

50% of respondents did not feel they had the necessary competencies, while 10% of
responses could not be deemed valid. Commentary received includes:

e [ don’t believe any of us do — we were never taught. What is known is purely
through experience — if a detail causes a big problem it won’t be used again;

e No, I’'m not a health and safety ‘fundi’. Aware, but learning as we go;

e No ... interaction of the team to thrash out ideas. Awareness is needed ... goes
back to “varsity’ days;

e Not something we factor in enough ... but we don’t want it to govern form totally.
Architects take thousands of different influences to determine form ... this needs
to be one of them, and

e It would be arrogant to say that — maybe adequate but never enough. Education is
needed to enhance competencies ... there’s a chasm between the two. We actually
need to marry the thought processes.

To the question “If ‘designing for construction health, safety, and ergonomics’ could
somehow be incorporated into tertiary education for architectural students, then how do
you think it could be integrated? ” 80% of respondents offered a way forward:

e It needs to be instilled from basics. It’s difficult, but there must be a way to define
objectives ... to fit into Building Construction — the nuts and bolts — not into
Design ... must be non-restrictive;

e Alternative construction usage could be enhanced ... risks are not clear. It could
form a module with OHS incorporated ... or a subsection of Materials and
Methods — what materials, how to use them ... what to use where;

e [t will have to fit somewhere between Building Design and Construction, which
run parallel ... the Building Construction component. How do we put a building
together and how do we document it? It needs to be an integral component — a
separate course won’t receive the emphasis it deserves. In the early years of
architecture it needs to create awareness for architects;

e There must be a rational way of thinking ... even as simple as once drawn,
imagine building it. Architectural education discourages it ... forget how, it
doesn’t matter how it gets built ... at what point do we bring it into detail
technology ... the subject Building Technology;



e |t should be taught by an architectural professional, not a health and safety officer;

e |t should start at root level — day one. Design and methodology go hand in hand
like form and structure ... ‘varsity’ projects — how is it going to be built ...
feasible, viable or too risky?;

e Incorporate it into Design and Construction courses — how to put it together.
Architects can become more aware, but are not health and safety officers, and

e We need the correct packaging ... there is too much emphasis on spatial rather
than detail. Incorporate it into a design problem — link into the detail — talk to the
curriculum to decide what year to introduce it.

20% of respondents did not offer a way forward, with comments such as:

e  Wouldn’t know, and
e |trelies on common sense.

To the final question “Do you have any other comments or ideas in general with regards
to ‘designing for construction health, safety, and ergonomics’?” 70% of respondents
offered commentary:

It’s important ... an awareness needs to be made;

One does not really think about it — it needs to be taught and awareness raised;

The trade is becoming more aware of the problems;

We need to understand alternative methods of construction. Recycle and re-use ...

reduce manpower and reduce risk;

e Awareness and fairness — people doing a hard job — how do we make their day
more comfortable. If teams are happy, they will be more aware and careful;

e Something can be developed. Hopefully we’re doing it anyway ... it’s something
we need to be aware of, and

e It’s a new field ... not widely explored. We need research and new ideas brought

to us. Information needs to be increased at tertiary education level and workshops

held for the professionals.

5. Conclusions

Given the objectives and methodology of the study, it is likely that the more committed
architectural designers made themselves available for interviews.

80% of respondents believe that construction hazards and risks can be mitigated through
alternative design and 60% of respondents suggested that they do actively engage in
designing for construction health, safety, and ergonomics, yet commentary suggests that
the understanding and level of engagement is minimal. This is supported by the responses
received relative to having the necessary competencies.

In terms of encouraging architectural designers to engage in designing for construction
health, safety, and ergonomics, and the possible means or format thereof, the arising
themes strongly suggest the need for appropriate and ongoing education and training to



create awareness and that designers need ‘hands on knowledge of what the contractor
encounters’. It was also suggested that a manual could be introduced to guide designers
through the process, which would make a worthwhile contribution.

The responses to the question of how designing for construction health, safety and
ergonomics could be incorporated into education, as well as into the everyday design
process, position themselves somewhere between design and technology, with the
majority leaning toward the nuts and bolts — as suggested, ‘how do we put a building
together and document it?” When to introduce this into education remains questionable,
but suggestions of creating awareness ‘in the early years of architecture’ is inspiring.

An additional important theme running throughout the responses is that designing for
construction health, safety, and ergonomics must not stifle the design process and should
‘invite deeper thinking’, rather than being prescriptive.

6. Recommendations

In order to encourage architectural designers to design for construction health, safety, and
ergonomics, further research is necessary. Such research should focus on development of
a guiding approach or model — or a manual — suitable for integration into architectural
education and continuous professional development (CPD) programmes. The approach or
model should be geared toward the early years of architecture and related technologies,
and should invite deeper thinking, rather than stifle architectural freedom.
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Proactive Monitoring of Health and Safety Performance in
Small and Medium Construction Enterprise Using Leading
Health and Safety Indicators

Abstract

Traditional measures or indicators of workplace health and safety (H&S) performance reflect
unrecognized hazards, unsafe conditions, reckless behaviour and other H&S program
shortcomings. This happens only after a worker is injured, falls ill or a fatality occurs. In
contrast to traditional or lagging indicators, leading indicators (LIs) can predict poor H&S
performance to ensure that H&S program failings are addressed before occupational injury,
ilinesses or fatality actually occur. This research project has identified a variety of proactive
H&S management practices, and activities shown to influence workplace H&S performance. The
researchers have proposed a comprehensive framework of subjective and objective LlIs, based on
literature review that small and medium construction enterprises (SMES) in South Africa can use
to proactively gauge H&S performance. SMEs could then address unrecognized hazards, unsafe
conditions, reckless behaviour and other H&S performance deficiencies at their project level
before injuries, illnesses and fatalities occur. The framework consists of ten main elements:
upper management commitment, worker/employee involvement, appointment of H&S staff,
formal and informal written communication, formal and informal verbal communication, project
planning of H&S, H&S resources, H&S policy, training in H&S and project supervision.

Keywords: health and safety; leading indicators; small and medium; performance
1. Introduction

Every employee has a right to a healthy and safe working environment which enables them to
live a socially and economically productive life (Loosemore and Andonakis, 2007). While recent
South African government initiatives to improve safety and quality performance on construction
sites have reduced accidents, construction sites continue to be among the most dangerous
workplaces in the economy, and rework levels are comparably high (Construction Industry
Development Board, CIDB 2004). In South Africa, the Compensation Commissioner and
Federated Employers Mutual Assurance Company Ltd (FEM) indicated approximately 25,500
reported accidents per annum at a total direct cost (compensation) of approximately R200
million in construction industry (CIDB, 2004). In terms of fatalities, cited in CIDB, (2008) report
160 deaths occurred on site in 2007/2008, while CIDB, (2004) report indicated the construction
industry was ranked third after mining and transport with 74 deaths recorded on site in 2003.

The continuing poor H&S performance of the construction industry in the form of fatalities,
injuries, and disease, the number of large-scale construction accidents, and the general non-
participation by key project stakeholders such as clients and designers, provided the catalyst for a
new approach to construction H&S. This led to the promulgation of consolidated construction
H&S legislation in the form of the Construction Regulations 2003. It requires a range of new
multi-stakeholder interventions, inter alia, that designers substitute less hazardous materials,



amend designs that necessitate the use of hazardous processes, and consider ergonomics during
commissioning and other phases of projects (Smallwood and Haupt, 2005).

CIDB (2004) revealed that there is a very limited commitment to comply with basic
requirements, let alone promote a culture of H&S. Employers views H&S as a cost in the system.
Small contractors can barely maintain tools and regard safety equipment as luxury items. Even
where protective clothing and equipment are provided, workers often avoid their use, including
the use of safety goggles and masks when working with grinders and asbestos. Aside from the
direct compensation and medical costs associated with accidents, the costs to the economy are
immense and include rework, lost time, damage to plant and equipment, disruption, productivity
loss, and loss of skills to the economy. These views highlight the importance of identifying
proactive measures for monitoring H&S in SMES projects in the construction industry in South
Africa.

2. Measurement of construction health and safety performance

Health and safety performance measurement allows comparison of H&S performance between
projects. Also, measurement can be used by organizations internally to maintain line
accountability for H&S and to pin point problem areas. Health and safety performance
measurement can be broadly classified in terms of two types of indicators, namely lagging
indicators such as accident rates, and LIs or positive performance indicators (PPIs) that address
H&S climate (Flin et al. 2000) and H&S culture (Grabowski et al, 2010). Grabowski, et al.
(2007) asserts that leading indicators can either be subjective or objective indicators.
Unfortunately, the construction industry continues to rely heavily on traditional measures such as
accident and workers compensation statistics (Mohamed, 2002). This implies that measuring
PPIs in construction industry are in their infancy and needs to be addressed especially in SMEs.

When using LIs a more thorough and constant surveillance is required than when using lagging
indicators (Hinze, 2005). The real value of using H&S leading indicators on the construction
project is that changes can be made early. An intervention can be devised that can address the
weakness before there is an accident. Hinze (2005) advocates the need to use LIs in H&S
performance, rather than using lagging indicators. A literature review was conducted to identify
the H&S leading indicators.

3. Literature review

The Occupational Health and Safety Act (OH&S Act) 1993, mandates that the employer i.e. the
principal contractor creates a conducive, environment for the employee and reaffirmed in
Construction Regulation 2003. Based on the aforementioned, Levitt and Parker (1976) studied
the role of top management in construction firms in reducing construction injuries. They
established that: companies whose top managers talked about safety when they visited jobsites
had lower Experience Modification Rating (EMR’s) than companies in which safety was not
mentioned during these events. They also found that companies with formal orientation
programs had lower EMR’s compared to companies with no orientation programs. Cooper
(1998) indicated the importance of communication in influencing H&S performance
improvement and categorized communication into formal and informal, verbal and written



communication. Kheni et al. (2006) further indicated the need for verbal communication as a
good measure for safety management practice. Sawacha et al. (1999) established that the most
important factors to improve H&S performance under organization safety policy are:
management communication in regards to safety, provision of safety booklets, provision of
safety equipment, assuring a tidy site, appointing safety representatives and training of operatives
on safety.

Jaselskis et al. (1996) assert that to achieve better construction safety performance at the
company level the related H&S factors/elements to be in place are: upper management support,
time devoted to safety issues from company safety coordinator, number of informal safety
inspections made by the company coordinator, meetings with field safety representatives and
craft workers, length and detail of company safety program, and safety training for new foremen
and safety coordinators. The authors also indicated that at the project level, the H&S
factors/elements that are important for achieving better safety performance are: increased project
manager experience level, more supportive upper management attitude towards safety, reduced
project team turnover, increased time devoted to safety representative, more formal meetings
with supervisors and specialty contractors, more informal safety meetings with supervisors, a
greater number of informal site safety meetings with supervisors, a greater number of informal
site safety inspections, reduced craft worker penalties, and increased budget allocation to safety
awards. Toellner, (2001) established LlIs that are essential to improving safety performance.
These measures are: safety walkthroughs by management, barricading a given place, tool box
talk meeting and housekeeping. Jannadai et al. (2002) revealed that management involvement,
personal protective equipment, and emergency planning and preparation were considered to be
extremely important factors in influencing safety performance as they reveal the greatest impact.

Fernandez-Muniaz et al. (2007) developed a positive safety culture model that consisted of
management commitment, employee involvement and safety management system (SMS). The
SMS included safety policy, incentives, training, communication, planning, and control. Their
model was generic to represent industries of different types and sizes. Their results indicated
improvement when these elements are used, and especially when top management and
employees are involved. Aksorn et al. (2008) in a validated study revealed 16 critical H&S
factors that will influence H&S performance improvement. The factors were later categorized
into four major dimensions namely; 1). Worker involvement, 2), safety prevention and control
system, 3), safety arrangement and 4), management commitment.

In a recent study by Rajendran et al. (2009), the authors identified 50 elements considered
essential by experts. These were categorized into 14 categories i.e.; project team selection,
contract safety requirement, safety and health professionals, safety commitment, safety planning,
training and education, safety resources, drug and alcohol program, accident investigation and
reporting, employee involvement, safety inspection, safety accountability and performance
measurement and industrial hygiene practices. The literature result synthesized is tabulated in
Tablel, based on the authors’ interpretation of the meaning of core elements and leading
indicators. This comprehensive framework of LIs comprises of both subjective and objective
indicators.



Table 1: Framework of H&S leading indicators

Core elements

Leading indicators

Appointment of H&S staff,
Sawacha et al., 1999;
Vredenburgh, (2002)

Employing at least one qualified manager with H&S training to
oversee H&S [on multiple projects]

At least one staff member with H&S training is employed on each
project

Employing at least one H&S representative on each project

Formal and informal written
Communication Cooper,
(1998); HSE, (2008)

Provision of written information about H&S procedures

Provision of written information about the correct way to perform
tasks

Written circular/brochure that informs workers about the risks
associated with their work

Written circular/brochure that inform workers about the preventive
measures to reduce risk

Provide clear verbal instructions to both literate and
employees about H&S

H&S information verbally communicated to workers before changes
are made to the way their work activities are executed

Organize regular meetings to verbally inform workers about the
risks associated with their work

Organize regular meetings to verbally inform workers about the
preventive H&S measures of risky work

illiterate

H&S resources Abudayyeh et

Provision of personal protective equipment (PPE)

al., (2006); Rajendran et al., | Training in H&S through attending seminars/workshops
(2009) Material schedule data sheets provided for all hazardous materials
on site
Employing technically skilled employees with H&S training
Adequate information brochures given on H&S
Provision of a budget for H&S
Provision of correct tools, equipment and plant to execute
construction
Provision of good welfare facilities such as showers, canteens,
toilets
Project planning of H&S | Ergonomics is considered when deciding the method of construction
Sawacha et al., (1999); | Reengineering is considered to reduce hazards

Rajendran et al., (2009)

When head office decides on the method of construction H&S is
included in decision making process

Each project has a site-specific H&S plan

Layout of the site considers H&S aspects

Use hazard identification procedures

Constructability of project is reviewed

Scheduling for H&S




Continued Table 1: Framework of H&S leading indicators

Project supervision/inspection
Rajendran et al., (2009)

Proper supervision by staff trained in H&S

Identification of hazards by at least (one staff member trained in
H&S)

Results of inspections discussed at H&S meetings

H&S inspections done at least daily

Local authorities and H&S enforcement agencies visit sites for
inspection

Ad hoc informal H&S inspections of work place

Regular H&S audits of projects

Training in H&S Sawacha et
al., (1999); Fernandez-Muniz et
al., (2007)

Workers undergo induction on H&S before commencing work on a
particular site

Workers trained in proper care of personal protective equipment
Workers trained in proper use of personal protective equipment
Workers are regularly trained in H&S

Instruction manuals or safe work procedures are used to aid in
preventive action

Employer helps employees to train in-house (study leave, grants)
Workers are given time off for training

Worker/employee involvement
in H&S Aksorn et al., (2008);
Fernandez-Muniz et al., 2007)

Workers......

are involved in production of H&S policy

provide written suggestions on H&S

kept informed of provisions of H&S plan

are involved in H&S inspections

are consulted when the H&S plan is compiled

are involved in development of H&S rules and safe work procedures
have the explicit right to refuse to work in potentially unsafe,
unhealthy conditions

Upper management
commitment in H&S Levitt et
al., (1976); Fernandez-Muniz et
al., 2007)

Managers......

encourage and support worker participation, commitment and
involvement in H&S activities

encourage and support training of employees in H&S

communicate regularly with workers about H&S

actively monitor the H&S performance of their projects and workers
take responsibility for H&S

actively and visibly lead in H&S matters

regularly visit workplaces to check work conditions or communicate
with workers about H&S

encourage and arrange meetings with employees & other managers
to discuss H&S matters

conduct toolbox talks themselves

ensure that the H&S budget is adequate

recognize and reward outstanding H&S performance of workers

H&S policy Shannon et al.,
(1997); Fernandez-Muniz et al.,
2007)

Proper implementation of safety management system

Company has H&S policy

Written in-house H&S rules and regulations for all workers
reflecting management concern for safety, principles of action and
objectives of achievement

The firm coordinates its H&S policies with other human resource
policies to ensure the well-being of workers




4. Problem statement

The challenges and the current state of poor H&S in the construction industry in South Africa
advocates for better ways of monitoring and measuring H&S in SMEs projects in order to reduce
occupational injuries, illnesses and fatalities in their projects. The overarching research question
is:

What are the core H&S elements and leading indicators that will be used to monitor
H&S performance at project level of SMEs?

In order to achieve the stated research question the following specific objectives were set:

. To identify core H&S elements through literature;
o To identify H&S leading indicators through literature; and
o To develop a proactive H&S framework based on the identified core elements and

leading indicators.

5. Discussion of Results

A number of H&S studies (Levitt et al., 1976, Askorn et al., 2008) have established that
management commitment to H&S is a major factor influencing the success of an organization’s
safety program. Management commitment is monitored when managers encourage and support
worker participation, further encourage and support training of employees in H&S (Abudayyeh
et al., 2004) and communicating regularly with workers about H&S (Toellner, 2001).
Management should be seen to actively monitor the H&S performance of projects and workers,
taking responsibility for H&S, be actively and should visibly lead in H&S matters. The literature
further advocates for regular workplace visits by management to check work conditions arrange
meetings with employees and other managers to discuss H&S issues. Toolbox talks should be
monitored if they are conducted and ensuring adequate H&S budget. The recognition and reward
of outstanding H&S performance of workers should also be monitored.

Involving and empowering employees provides them with authority, responsibility and
accountability. It has been established that in order for employees to be involved and empowered
they should be allowed to participate in the H&S policymaking i.e. developing the H&S safety
rules and procedures, provide written suggestions on H&S, the employees are updated on H&S
plan, be involved in H&S inspections, consulted when the H&S plan is compiled, and refuse to
work in potentially unsafe, unhealthy conditions these indicators need to be monitored to
improve H&S performance.

The H&S policy allows an organization to follow a set of rules and regulations in order to
operate efficiently. The monitoring of organizational H&S policy and proper implementation of
safety management system should be undertaken; further monitoring is on the comprehensive
written in-house H&S rules and regulations for all workers reflecting management concern for
safety taking into consideration the, principles of action and objectives to be achieved. It is also



essential that the firm monitor its coordination of H&S policies with other human resource
policies to ensure the well-being of workers health and safety.

Planning for H&S has been considered vital in influencing H&S performance improvement. For
H&S planning to be able to influence H&S performance, SMEs, will have to monitor if
ergonomics is considered when deciding the method of construction and considering
reengineering to reduce hazards, on the other hand head office should decide on the method of
construction considering H&S in their decision making process. It has been implied in literature
that each project should have a site-specific H&S plan to enhance H&S performance
improvement. The layout of the site should consider H&S aspects, taking into consideration the
use of hazard identification procedures and risk assessment procedures. The constructability of
project should be reviewed and monitored to enhance H&S performance of the workers and
finally, the scheduling for H&S is monitored to ensure H&S activities are programmed in the
project to enhance improvement.

Appointing H&S staff according to Sawacha et al. (1999) and Vredenburgh, (2002) is important
in influencing H&S performance. Monitoring those getting employed by ensuring at least one
qualified manager with H&S training to oversee H&S [on multiple projects], employ at least one
staff member with H&S training on each project and employing at least one H&S representative
on each project.

Formal and informal written communication is the transfer of information through writing to
employees about the possible risks in the workplace and the correct way to combat them.
Necessary written information about H&S procedures should include, correct way to perform
tasks, information about risks associated with their work, materials necessary to reduce risks
with job.

Formal and informal verbal communication is the conveying of information verbally to
employees. This requires clear verbal instructions to both literate and illiterate employees about
H&S. It is necessary to convey H&S information verbally to workers before changes are made to
the way their work activities are executed. The need to organize regular meetings and verbally
inform workers about the risks associated with their work and about the preventive H&S
measures of risky work are indicated to be effective in monitoring H&S.

In order for H&S to be effective, occupational H&S training is required according to (Sawacha et
al., 1999; Kheni et al., 2006). Monitoring effective training in H&S can reduce the number of
injuries and fatalities. Monitor when workers undergo induction on H&S before commencing
work on a particular site they are aware of H&S. It is also essential that workers demonstrate
proper care and use of personal protective equipment as this has been proved to influence H&S
performance improvement and further ensuring workers are regularly trained in H&S. The
issuing of instruction manuals or safe work procedures to aid in preventive action is deemed to
be essential in construction projects and ensuring workers are given time off for training in H&S
will further assist workers to understand the importance of H&S.

Supervision of construction projects is vital (see OH&S Act 1993 amendment Construction
Regulation 2003). The need for proper supervision by staff trained in H&S is required taking into



consideration the, identification of hazards by at least (one staff member trained in H&S), and
allowing results of inspections to be discussed at H&S meetings. The study has revealed that,
H&S inspection should be done at least daily on projects and allowing local authorities and H&S
enforcement agencies to visit sites for inspection. Due to the nature of the construction projects
the study further revealed ad hoc informal H&S inspections of workplace should be conducted
and allow regular H&S audits of projects to monitor H&S performance.

According to Abudayyeh et al. (2006), Rajendran et al. (2009) they assert that H&S resources are
important in influencing H&S performance. The monitoring of the provision of PPE, training in
H&S through attending seminars/workshops, ensuring material schedule data sheets are provided
for all hazardous materials on site to improve H&S performance. The employment of technically
skilled employees with H&S training, and providing adequate information brochures on H&S
needs to be monitored, further monitoring of the provision of H&S budget, correct tools,
equipment and plant and the provision of good welfare facilities, such as showers, canteens,
toilets, need to be undertaken to improve H&S performance.

6. Conclusions

The 64 leading indicators identified were either subjective or objective indicators and were
categorized in 10 elements which will need to be monitored to indicate early warning before an
accident occurs. The elements were upper management commitment, worker/employee
involvement, appointment of H&S staff, formal and informal written communication, formal and
informal verbal communication, project planning of H&S, H&S resources, H&S policy, training
in H&S and project supervision. The framework of LlIs in Table 1 will be used to develop a
conceptual model for H&S performance improvement. The results are based on literature review
and hence might be biased. It is worth noting this is a research project in progress.

7. Further studies

The effectiveness of using H&S leading indicators to reduce injuries, illnesses and fatalities is a
logical area for further studies and verifying the importance and impact of these LIs in improving
H&S performance at project level of SMEs is advocated.
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ABSTRACT

Starting in 2007, with the approval of law 123, the Italian government has proceeded to
reorganize the law summary in the matter of health and safety in the workplace,
highlighting important observations in respect to previous regulatory framework.The first
concerns the reunification of set standards, ending the existing distinction between the
construction site and other workplaces.

The second concerns the complete abandonment of logic on which the norm in the 1950’s
was based on, which are obligations and prohibitions, in favor of evaluative logic
introduced in the EU Directives in the 1990’s.

The paper examines in detail the path taken by Italy starting from the first legislation in
the end of the 19™ century until today highlighting the following stages:

- Damage preventions

- Risk preventions

- Safety planning

- Safety management

The differences found in the law summary highlight the difficulties of this route that is
due to the particular situation that the construction industry is experiencing in Italy.

An element of no lesser importance, for example, is given by the excessive fragmentation
of productive infrastructure of construction sector.
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The Evolution of Legislation on Health and Safety on
Construction Sites in Italy

1. The Socio-Cultural Italian Context

Italy was among the first countries in the world to adopt specific legislation on the
protection of workers' safety. The aspects of health and social work, in fact, have always
been studied and analyzed carefully by the Italian medical and scientific world. It is no
accident that, historically, the Italian, Bernardino Ramazzini was recognized as the
founder of occupational medicine, who at the beginning of the eighteenth century
inserted a new question into the Hippocratic anamnesis: "et quam artem exerceas? —
What is your occupation?” Author of "De morbis artificum diatribe” (Padua, 1700),
Ramazzini identified through an analysis of sixty categories of workers, the harmful
effects of work and "the nature of harmful utilized substances.”

Another Italian record is the development of occupational medicine as an independent
clinic branch. In 1902 the "The Labour Clinic” was founded, the first institution in the
world dedicated to this discipline, which was completed in 1910. In 1906, in Milan, the
first international congress of occupational medicine took place and the International
Commission on Occupational Health (ICOH) was founded.

In this cultural and scientific climate, the Italian regulations to protect workers, were
developed. At the end of the nineteenth century in the middle of the Italian industrial
revolution, theconcept of work was profoundly different from today. Environmental
resources and human labor-power itself were seen as unlimited resources and
inexhaustible assets to the industry that could exploit them at will, without any concern
for their protection. The worker’s protection, prevention of injuries and work related
illness issues were not taken into consideration. Unlike the artisan, in fact, the worker
was more often than not qualified, because the tasks carried out in the factories were
often characterized by a low level of qualification. The worker, therefore, was
interchangeable and his state of health was not a concern for the employer, who could
easily be replaced. With the birth and the organization of the first unions, specific norms
to protect workers came about. After the Crispi Pagliani Law of 1888 a system based on
worker’s insurance began to develop in Italy. A few years later, in 1899, the first laws
dedicated to a specific work activity, work in mines and quarries, were enacted.

The health insurance system has gradually extended to new categories of workers. In the
fascist period, within a social model based on corporations, health care coverage shifted
from a voluntary to a mandatory regime, first for individual categories and individual
illness, and later in a generalized form with the creation of the “The Workers Health Care
Institute”. During the same period, with the enactment of the Civil Code (1942) and the
Penal Code (1930), the concept of "corporate responsibility” on the civil and criminal
matters, recognizing that “"the employer is required to adopt the necessary measures to
protect the physical health and mental health of workers”, began to develop. This



concept was reinforced a few years later giving it constitutional value. In fact in 1948, in
Article 35 of the Constitution work protection in all its forms was laid down.

The socio-economic change in Italy in the following years led to the need of developing a
legal system to protect workers based on imposing company restrictions and constraints.
The companies did not apply, therefore, the regulations in accordance with a real interest
in the health of its workers, but rather to avoid fines and penalties resulting from their
breach. Between 1955 and 1956, with full industrial development of post-war
reconstruction, a series of measures (the Act No. 547/55, 164/56 and 303/56) were
issued, aimed at identifying the hierarchy responsible for safety to provide specific
sanctions and to supervise their implementation. The legislation of the fifties still had
many limitations within.

No information/formation activities for workers were provided, as a preventative
intervention; the identification of specific exposure limit values lacked; identified
remedies were too generic and, finally, the workers and their representatives were still
poorly involved in prevention. The recognition of the necessity for direct participation of
workers in the process of protecting their own health happened at the end of 1969, when
the working population realized, that only direct experience of those who worked daily in
hazardous environments would be efficient for assessing working conditions and the
impact on the health of the workers. The "Workers' Statute" then introduced the rights of
workers to control, through their union representatives, the implementation of standards
for the prevention of accidents and occupational illness.

At the same time the claim to pay full wages and maintenance of the workplace in case of
injury, occupational disease, maternity and sickness in general until complete healing was
made. With the creation of the National Health System (Act No. 833/78), specific
"environmental health services and occupational medicine" were set up, organized within
each of the local health units to which the powers of the department of Health and Safety
were progressively transferred in terms of injury prevention and safety at work. A
personal health record to be distributed to all citizens, including possible exposure to risk
in the conditions of life and work was also established. Moreover, within the same
regulation, a consolidated safety and hygiene rule should have been included by the end
of 1979, however, it was not added until 2008.

Since the early nineties health issues began to become intrinsic and strategic aspects of
production processes as an indicator of quality. After the inception of the European
Union (Treaty of Maastricht, 1992), Italy began to implement the EU directives in the
field of health protection at work. The Act No. 626/94 was issued after a long process,
preceded a few years earlier, by Act No. 277/91 on protection against risks of exposure to
chemical, physical and biological (specifically lead, asbestos and noise).

The Act No. 626/94, in applying "to all public and private sectors,” accepted seven EU
Directives (workplace, use of work equipment, DP1 use, cargo handling, use of display
screens, safety to carcinogens and biological agents). This legislation introduced new



provisions on risk assessment, information, complete and regular training of workers and
their health inspection.

Specifically, in the construction sector, European law is applied in the Act No. 494/96, in
which, for the first time, a system of analysis, design and safety planning was constructed
within a specific safety management on construction sites document

2. Development of Italian health and safety regulation

Developments in Italian legislation and regulations on health and safety covered four
basic stages, which are summarized as follows;

Damage prevention

Risk prevention

Safety planning

Safety management

Period 1865-1942: Damage Prevention

The first important provision in Italy in health and safety at work, laying the groundwork
for future legislation, is that established art. 2087 of the Civil Code which provides: "The
entrepreneur has the duty to adopt measures in the performance of the company,
according to the particularities of the work, experience and techniques are necessary to
protect the physical integrity and moral personality of the employee."

The diagram below illustrates the results obtained, namely:

compulsory insurance for workers against the contractor

the obligation of prevention and protection for workers

the burden of proving possible negligence of the worker

the compensation for damage suffered by the worker

DAMAGE COMPENSATION

WORKERS'INSURANCE REQUIREMENT

CONTRACTORS'RESPONSIBILITY FOR
WORKERS'HEALTHAND SAFETY

CIVILCODE
1865-1942

ONUS PROBANDI:
NOWORKER'SBUT CONTRACTOR'SFAULI
Fig. 1 — Summary diagram of the damage recognition in the Civil Code



Period 1955-1978: risk prevention

The subsequent provisions date back to the 1950’s with the legislation concerning the
prevention of accidents at work or the Act No. 547/55 and hygiene of work, the Act No.
303/56. Such laws are the pillars of accident prevention in Italy, along with the Act No.
164/56 on construction and emphasize the prevention of intrinsically safe mechanical
systems and dictating prevention rules specific to each individual machine, or for any
single working environment, allowing limited freedom of choice to the employer who is
obliged to comply, for detailed and specific penalties for each breach, in fact,
"Employers, managers and those responsible for carrying on, manage or supervise the
activities of the company, within their respective functions and responsibilities are:

- take the safety measures provided in the relevant acts;

- warn employees of specific risks they face and make them aware of the ways to
prevent damage due to such risks;

- provide workers with the necessary means of prevention;

- require those who have individual workers follow the rules of hygiene and safety and
apply the protections available to them.”

Such detailed and specific regulations to define specific rules do not allow room for
interpretation and discretion to the employer who, within the enterprise, is not free to
choose and adopt a preventative system but is obliged to comply with specific rules; A
repressive system whose judgment is therefore delegated to the monitoring party that
must ensure compliance to the obligations of the legal system. Only with the enactment
of the Workers' Statute (1970) a new policy is established, compared to the above
provisions, giving workers the right to "monitor the implementation of standards for the
prevention of accidents and occupational illnesses and to promote research, development
and implementation of all measures to safeguard their health and physical fitness."

LAWSAND || | PREALRTARIN ACCIDENT PREVENTION
REGULATIONS || | ;
1085 1978 || promiprrions | /| ONBUILDINGSITES
|| TERRITORIAL ||\ | cHECK OF RISk FACTORS
PREVENTION || | HEALTH ) | REMOVAL OF RISK FACTORS
| | AUTHORITY EDUCATION AND INFORMATION

Fig. 2 - Summary diagram of the risk preventlon in Acts from 1955 to 1978



Period 1980-1992: safety planning

In the 1980°s a gradual change of the original setting of the 1950’s was recorded, with the
introduction of the laws on protection of the worker from chemical and physical agents in
the workplace with the issue of Directives 80/1107/EEC, 82/605/EEC, 83/477/EEC,
86/188/EEC, 88/642/EEC, in which a prevention system is imposed to all the involved
subjects and not just the workers and criteria for risk evaluation and prevention and
protection measures are defined.

The Act No. 277/91, which establishes requirements on risks related to chemical,
biological and physical agents and is the first norm that reverses the previous of the
above requirements, indicating among the prevention measures, training for workers,
health surveillance, the exposure limit values, the emergency measures and consultation
of workers through their representatives. With Act No. 13/82 of the Ministry of Labour is
introducing the concept of accident prevention plans for the assembly of heavy
prefabricated structures:

"Before beginning assembly the following technical documentation must be made

available to those responsible for the work, the workers and controllers:

e work plan that clearly describes the execution assembly operations and their order;

o safety procedures to be adopted in the various phases of work;

e in the case of more companies working in the worksite, a specific scheduling
regarding the various companies involved.

In the absence of this documentation it is forbidden to perform assembly operations.”

PREFABRICATION

NEW LAWS AND '
REGULATIONS ‘ PUBLIC WORKS
1980-1992 = -
| PLANTS INSTALLATION ||

= ==
|
|

SAFETY & HEALTH PLANS

Fig. 3 — Summary diagram of the safety planning in Acts from 1980 to 1992



Period 1994-2009: safety planning and management

The most important revelation in health and safety at work in Italy came with the
enactment of Act No. 626/94 which gave effect to EU Directive 89/391/EEC and other
seven EU Directives details such as 89/654/EEC, 89/655/EEC, 89/656/EEC,
90/269/EEC, 90/270/EEC, 90/394/EEC and 90/679/EEC.

In the Act No. 626/94 the institution of the Prevention and Risk Protection Service is a
novelty compared to the Italian legislative landscape prior to the 1990’s. The most
important Italian reference regulations, the Acts No. 547/55, 164/56 and 303/56 do not
cite the Prevention and Risk Protection Service. With this Act Health & Safety is not
more a technical issue. From technical prescriptions we passed to a new concept of
prevention through risk assessment and involving all actors (client, contractor, workers,
controllers, unions, etc.) of construction process.

The Act No. 494/96 gave effect to EU Directive 92/57/EEC (Temporary or mobile
construction sites). This Act has introduced the obligation to draft a Safety &
Coordination Plan for the client and the nomination, by client, of two Coordinators of
Health & Safety: one during the design phase, the other for the execution phase.

The Act No. 222/03 clarifies in detail the minimum contents of the Safety &
Coordination Plan (drafted by Coordinator) and the Safety Operating Plan (drafted by
contractor or subcontractor).

The Prevention and Risk Protection Service could be or inside the structure of the
company, either managed by professional consultant’s experts in Health & Safety.

The Act No. 123/07 had founded the base for the reunification of the entire legislation
corpus regarding Health & Safety.

This Act had consolidated a couple of principles: the first concerns the risk assessment
approach; the second principle underlines the important of involving all actors of
construction process during the various phases.

It was confirmed that Health & Safety must be treated and designed from first steps of all
process.

In Act No. 123/07, an important aspect is the amendments to art. 7 of Act No. 626/94,
with the introduction of a requirement for the client, in case of contract, the drafting of a
single document relating to the evaluation of the risks of interference. This document
must contain both the risks of the activities of the client in respect of subcontractors, both
of the latter towards the client and those generated by the overlap and interference of the
activities of the contractors themselves. This document must be drafted not only in the
presence of contracts characterized by many overlapping businesses or self-employed
workers, but also and especially in the work site environment.



In reality, however, the obligation was already expressed in Act No. 494/96, which said
that the Safety & Coordination Plan was intended to assess and prevent risk interference
between contractor, subcontractors and one-man companies.

On April 30, 2008, was published the Act No. 81/08, based on principles of Act No.
123/07, setting the following three objectives:

1.

The revised laws and regulations regarding Health & Safety in the workplace, through
the reorganization and coordination of the same in a single piece of legislation on
Health & Safety in a single text;

. Simplifying compliance for smaller companies: the Act introduces some

simplifications for the self-employed and family businesses and other simplifications
in the risk assessment;

. More effective implementation: the legislature has suggested to achieve this objective

through the establishment of coordination committees, the introduction of trade unions
in a strong figure of the representative of the workers' safety, the organization of a
retrieval system and management of information on the matter from the health
information written by physicians for each company and, ultimately, through the
reorganization and strengthening of control institutions.

The Act No. 106/09 modifies some detail elements regarding responsibilities and
sanctions.

3.

D.Lgs. 626/94
D.Lgs. 493/96

D.Lgs. 494/96 ENACTMENT AND
EUROPEAN D.Lgs. 528/99 SPECIAL
DIRECTIVES = — .
S008- 1937 D.P.R. 22203 PROVISIONS IN ITALY
Legge 123/07 1994-2009

D.Lgs. 81/08
D.Lgs. 106/09

Fig. 4 — Enactment of EU Directives in Acts from 1994 to 2009

The management of safety on construction sites

In the first implementation of Directive 92/57/EEC (Act. No. 494/96), the Italian
legislation has in fact kept contractors out of the safety process. Contractors were bound
to implement the Safety & Coordination Plan (S.C.P.) through a deed of acceptance.

The Act 528/99 has introduced the Safety Operating Plan (S.0.P.) to be drafted by the
contractor and subcontractors.



This plan gives a factual response to the requirements expressed by the Safety
Coordinator at the design phase in the Safety & Coordination Plan.

Through the enactment of Act No. 222/03 and Act No. 81/08, the legislator meant to
complete the reference grid for drawing up the Safety & Coordination Plan and the Safety
Operating Plan.

The Act No. 222/03 further highlights the need to develop real interaction between the
Safety Coordinator at the design phase and the contractor.

The Safety Coordinator at the design phase is actually asked to specify the detailed
procedures in connection with the Safety & Coordination Plan. From the other side the
contractor’s own choices have to be detailed in the Safety Operating Plan.

Another issue that has turned out to be essential in safety management is determining the
costs involved in its implementation; the latter regulation has made all the difference
between the costs implied in each process and the costs for the safety procedures to be
carried out on each site.

For the first time, the Italian legislator acknowledged that the working conditions of the
construction sites had to be recognized at the very start of the design process, thus
bringing together the earlier two Acts: Act No. 494/96 and the following amendment Act
No. 528/99.

The regulations define, as “design and organizational choices” all of the choices made by
the work designer in close co-operation with the safety engineer in order to ensure that
the risks associated with each process are removed or minimized. To this effect, the
Safety & Coordination Plan cannot but be site-specific and so it cannot help refer to the
site features, the site organization and the processes that are to be carried out there.

The regulations recognize that it is essential for safety management that the design of the
work and the Safety & Coordination Plan evolve together, in close connection, so as to
highlight the preventative choices integrated by the designer in different phases: the
design and the spatial, temporal and economic planning of the work.

The Safety & Coordination Plan might solve those problems that cannot be managed at
the design phase, or cannot be tackled before the execution of the work.

The Safety & Coordination Plan must be drafted to reflect the peculiar features of the
construction site, the layout and organization and the processes carried out during the
productive cycle of the site.

The Safety Coordinator at the design phase should divide each process in specific parts (a
kind of W.B.S.).

For each hazard/risk associated with the specific construction project, the Safety &
Coordination Plan must contain:



- design and organizational choices, procedures, preventative and protective measures
required to remove or minimize work-related risks;

- coordination measures required to implement the foregoing with special reference to
the common usage of systems, equipment, facilities, joint safety equipment.

Another important step regards the spatial and temporal planning of the execution phases
and the management of any interference during the construction. The introduction of the
requirement to specify the operating prescriptions also in graphic design terms and time
schedules make the Safety & Coordination Plan more integrated in the process and more
legible by the site operators.

The principle underlying the site design should be Coordination, and this is why the site
design must be broken down into several steps, so that the information can be adjusted to
the development of the site phases.

The level of detail of site design should be fit for facilitate coordination so as to remove
or minimize any interference between the various workers present on site.

At the design phase, the Safety Coordinator is responsible for describing an appropriate
scenario so that site activities can be carried out, while the contractor is responsible for
the site organization and the management of the Safety Operating Plans.

The primary goal of the Safety & Coordination Plan is to prevent accidents associated
with interfering and/or overlapping process steps.

To prevent interfering and overlapping process steps from increasing the risk level, the
Coordinator should plan works at the design phase through a time schedule, citing the
duration of processes, divided into steps and any process priority.

The entire legislation corpus is involving in one main direction: prevention of Safety &
Health risks through a better education, information, better organization and
management. The person is to be considered before any technical or economical reason.
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ABSTRACT:

Designers and Contractors’ top management have been identified in many studies to be of
great importance to health and safety performance and its continual improvement.
Therefore developing strategies that support and motivate designers and contractor top
management to implement health and safety elements would ensure a gradual and
sustained improvement of health and safety in the construction industry.

In order to determine the impact significance of clients/owners on designers and
contractor top management, a Delphi study was conducted.

Findings from the study where that client culture has critical impact significance on
designers and contractors’ top management culture. Further findings were that
implementation of health and safety elements by designers and contractors were ‘very
likely to occur’ with clients influence.

This paper reports on findings from an analysis of impact significance of clients on
designers and contractors. It will underscore the point that has been made before using
different methodologies that client health and safety culture is critical to designers and
contractors’ health and safety culture. The paper argues that an improved client health and
safety culture will result in an improved health safety culture of designers and
contractors. Pursuing this strategy can result in prevention of many accidents and
incidents.

Keywords: Clients, Contractors, Culture, Designers, Health and safety, Impact
significance, improvement,
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1. INTRODUCTION

Construction H&S performance improvement has in recent years become a priority and
thus has gained industry-wide attention (Cheung, Cheung and Suen, 2004 and
Hamalainen, Saarela and Takala, 2009) because of the economic benefits, the need to
improve construction industry image, the need for organisations to be socially responsible
and the need for an improved general regard and respect for people working in the
construction industry. In addition, the legislative pressure coupled with debate concerning
the personal responsibility that senior managers should bear for their organisations on
health and safety failures (Fitzgerald, 2005) has contributed to most organisations to
focus on health and safety improvement. However improving health and safety
performance in the construction industry has proved to be somewhat challenging partly
due to the industry’s complex character. Despite this complexity of the industry, health
and safety performance improvement remains a crucial issue and its importance or need
has been demonstrated in numerous studies (Smallman and John, 2001; Lee, Halpin and
Chang, 2006; ILO, 200; and Hoonakker et al, 2005).

A number of ways to improve and promote H&S performance in the construction
industry have been suggested. Some of the suggested methods to improve or manage
H&S in the industry include designing for construction worker safety (Gambetese and
Hinze, 1999; Gambetese, Behm and Hinze, 2005; Hecker, Gambatese and Weinstein,
2005), continual improvement of safety management systems (Chua and Goh, 2004),
addressing H&S culture (Molenaar, Park and Washington, 2009; Parker, Lawrie and
Hudson, 2006; Chinda and Mohamed, 2007), adopting the model client framework
(Lingard, Blismas, Cooke and Cooper, 2009), use of incentives and disincentives (Tang,
Qiang, Duffield, Young and Lu, 2008), multi-stakeholder involvement (Suraji, Sulaiman,
Mahyuddin and Mohamed, 2006) and many other strategies that have not been mentioned
above. However, although many ways of improving H&S have been suggested, there has
not been much study on approaches that advocate for a holistic approach to achieve a
multi-stakeholder involvement and objective identification of each party’s capacity to
influence H&S outcome and thus attain the desired H&S improvement in the industry.

This paper presents an analysis of clients’ impact significance on H&S performance of
designers and in the construction industry. Based on this analysis, the extent to which
clients can influence designers and contractors H&S performance and which client
cultural aspects are essential to influence H&S performance will be established. These
can then be used as an H&S assurance or leading indicator of contractor H&S
performance.

The importance of designers and contractors to project H&S performance has been
recognized in many studies (Suraji et al 2006 and Gould and Joyce, 2002). Designers and
Contractors H&S performance is therefore very important. Crucially therefore, the
knowledge on the impact significance of clients on designers and contractors’ H&S
performance is essential as it can aid in formulating targeted strategies to assure designer
and contractor H&S performance.



2. THE STUDY

A Delphi study method was used to explore the impact significance of the identified
stakeholders on project H&S. The Delphi method was preferred to common survey
methods as the current study was addressing the ‘what could’ kind of questions as
opposed to the ‘what is’ kind of questions (Hsu and Sandford, 2007). The Delphi
methodology was also considered to be a much stronger methodology for its rigorous
query of experts which is achieved through many iterations and feedback.

The Delphi study involved invited panellists and it retained 11 active members. This
number of panellists was considered adequate based on what other Delphi studies have
used and recommended. Delbecq, Van de Ven and Gustafson (1975) suggest that 10 to 15
panellists could be sufficient if the background of the panellists is homogenous. A review
by Rowe and Wright (1999) indicates that the size of a Delphi panel has ranged from
three to 80 in peer reviewed studies. Okoli and Pawlowski (2004) and Skulmoski, Krahn
and Hartman (2007) also mention a panel size of about 10 to 18 members. Hallowell and
Gambatese (2010) suggest a minimum of eight panellists. Based on the above and the
fact that the Delphi method does not depend on the statistical power (Okoli et al, 2004),
but rather on group dynamics for arriving at consensus among experts, a panel of 11
members was considered adequate.

The selection of panellists was based on criterion sampling. Panellists were selected for a
purpose to apply their knowledge to a concept raised in the study based on the criteria
that was developed from the research questions under investigation. A Delphi study does
not depend on a statistical sample that attempts to be representative of any population. It
is a group decision mechanism requiring qualified experts who have deep understanding
of the issues (Okoli et al, 2004). Therefore, one of the most critical requirements is the
selection of qualified experts as it is the most important step in the entire Delphi process
because it directly relates to the quality of the results generated (Hsu and Sandford,
2007). In view of the above, successful panel members had to meet at least four of the
following criteria adopted from Skulmoski et al (2007) and Hallowell et al (2010):

e Knowledge and experience in construction H&S;
Knowledge and experience in construction project management;
Have appropriate academic qualifications;
Professional registration with a recognized built environment or H&S registration
body;
Have published articles in peer reviewed journals, books and or conferences;
Industry experience of at least five years;
Capacity and willingness to participate;
Sufficient time to participate;

e Effective communication skills
Panel members were identified from three sources. The first source was the CI1B W099
register of members located on the CIB WO99 website (CIB W099-Safety and Health in
Construction, 2010). The CIB W099 is a working commission that was set up on royal
appointment to enable researchers on construction H&S in the world collaborate as well
as protect H&S. The second source was the conference proceedings of the CIB W099



from year 2005 to 2009. Individuals who had frequently appeared as authors or keynote
speakers were identified as potential experts on the study. The third and last source was
identifying through references of individuals working in the area of H&S in the local
construction industry in Southern Africa.

The panel consisted of two members from South Africa, three each from United States of
America (USA), and the United Kingdom (UK), one each from Singapore, Hong Kong,
and Sweden. Of these one of the panellists had a Doctor of Science (DSC) Degree, six
had a Doctor of Philosophy (PhD) degree, two had a Master of Science (MSc) degree,
one had a Bachelor of Science (BSc.) degree and the last one had a Diploma in safety
management. All the panellists specialized in construction safety. In terms of their current
occupation, three of the panellists were employed by contracting organizations, one by a
consulting organization, and six by Universities. All panellists held very senior positions
in their organizations and were involved in community service.

The panel had a cumulative of 243 years of experience. The lowest number of years of
experience was seven and the highest was 45 years. The calculated mode of years of
experience was 15, the mean was 22.1 years and the median was 15 years. Experience
was an important factor in determining who an expert was and therefore a minimum
number of years was set to be five years. In terms of publications, 10 of the panellists had
published in peer reviewed journals, conference proceedings and books. Between them,
they had published 57 books and monographs, 19 chapters in books, 187 peer reviewed
academic journals, 345 recent conference papers and 341 other publications comprising
of articles in professional journals, technical reports, policy papers, expert witness
documentation and key note addresses. In addition to their publication, the panel had led
and managed 108 funded research projects. Three panellists served on editorial boards of
43 peer reviewed journals and conference proceedings. The bar chart labelled figure 1.0
below shows the contribution of panellists to the above mentioned publications.

Table 1: Panellists publications

Panel publications No. of publications
Books and monographs 57
Chapters in books 19
Peer reviewed Journals 187
Peer reviewed Conference proceedings 345
Funded research 108
Other publications 341
Editorial board membership 43
Referee for journals 22

Referee for Conference proceedings 30
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Figure 1: Publications by panel members

The current Delphi study involved three rounds of an iterative process with the view of
achieving consensus between the panel members on the impact significance of clients and
designers on H&S consideration at various project phases. Panellists were requested to
rate the probability that H&S would be considered at project phases as a result of clients
and designers H&S cultural influence. The probability scale ranged from 1 to 10
representing 0 to 100%. Further, panellists were requested to rate the negative impact that
would result if a particular stakeholder’s cultural element was absent. The impact scale
was based on a 10 point rating scale ranging from low to critical. This aspect indicated
the severity of the culture or cultural element.

A two stage analysis of data from the Delphi was conducted using Microsoft office Excel,
a spreadsheet software program. The first stage involved analysis to establish or confirm
consensus on responses to the predetermined criteria. This involved determining the
group median responses for each question. After the third round of the Delphi, absolute

deviations ( D; ) about the group medians (m(X)) of each rating for every question were

calculated using equation 1.0. In addition, mean absolute deviations (MAD) were
calculated for every question. This is a calculated mean of all absolute deviations for all
panellists about the median on each question. Further analysis involved determining the
statistical range in ratings by panellists on each question and the percentage of panellists
with a similar opinion inclination on each and every question. Consensus was determined
to have been achieved when the MAD was less than one unit below or above the group
median, the range in ratings on each question between all panellists was below 4.0 and
the percentage of panellists that were of a similar inclination in opinion was 60% and
above on a particular question.

Di = |-Xi - m(X )J Equation 1




Where:
D; =Absolutedeviation

X;  =Panellist rating

m(X )= Measure of central tendency

The second stage of Delphi data analysis, involved determining the impact significance
of clients’ cultural factors on contractors’ top management, H&S performance. The
significance of the impact of various factors associated with the clients’ H&S culture was
categorised as critical, major, moderate, minor or low. The categorisation was helpful in
determining which client factor was key and relevant for contractor H&S performance.
The impact significance of a factor was obtained as a product of the overall rated
probability (likelihood) that a client factor would influence contractor to implement H&S
elements and the rated negative impact (severity) on the contractor implementing the
elements that would result if the client factor was absent. This relationship is illustrated in
equation 2.0 below.

Impact Significance = Likelihood factor x Severity factor Equation 2

3. RESULTS

Designers’ role has been recognised as important to health and safety performance on
construction projects. However some studies have suggested that designers are unwilling
to participate fully through their designs or taking up a leadership role for example in
managing health and safety and this has in a way inhibited a better project H&S
performance. It seems as though, designers can only fully participate in H&S
performance with external influence apart from their own motivations which should
include ethics. Although the situation is somewhat different for contractors, optimal H&S
performance from contractors is also far from the desired level. Contractors too require
external pressure or motivation for them to perform better.

One such external influence is the clients’ influences who in fact are their employers. It
was therefore determined to establish the impact significance of the clients’ influence on
designers and contractors to implement certain important H&S elements. The impact
significance of factors of client H&S culture of commitment, involvement, competence
and leadership was evaluated. In addition, the resultant likelihood of designers and
contractors implementing H&S elements as a result of client culture influence was also
determined.

Findings were that the average impact significance of factors of client culture on
designers was determined to be 6.45. This is slightly lower than the client culture
influence on contractors of 6.60. There is however more variability in the impact
significance values with the standard deviation of 0.8 compared to 0.34 for the impact
significance of clients’ influence on contractors’. This was suggestive of the fact that



some factors of client H&S culture have more influence than others. Client involvement
in H&S performance was considered to be more critical to designers at 7.31 compared to
clients’ competence which was determined to be 5.42. Clients’ leadership was the second
rated factor followed by commitment. These were rated at 6.75 and 6.30 respectively
(Figure 2.0).

The impact significance rating of the factor, ‘client involvement’, was found to be
‘critical’ to designers’ H&S performance whilst all other factors were found to be of
‘major’ impact significance.
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Figure 2: Impact significance of clients' factors of H&S culture on designers and
contractors

All the impact significance values of client culture were above 5.0 suggesting that their
impact significance’s criticality to designers’ and contractors’ H&S performance was
‘major’. As observed earlier, client competence was found to be the least rated factor
even on influence to contractors’ H&S performance. Notwithstanding, client competence
was rated higher at 6.20 to contractors’ whilst to designers, it was rated at 5.42. This
suggested that client competence was slightly more critical to contractors than designers.

The factor of client H&S culture with the highest impact significance to designers was
found to be ‘client involvement’. The impact significance rating on designers’ H&S
performance for ‘client involvement’ was determined to be 7.31. This was suggestive of
the fact that client involvement in H&S management is crucially important to motivate



designers to implement and be committed to H&S performance.

From the results shown in figure 2.0, all factors of client H&S culture are seen to be of
critical importance to influencing designers and contractors to implement H&S elements.

The likelihood of designers implementing H&S elements identified as important to H&S
culture of designers was an average of 78% with a standard deviation in the likelihood
values of 0.04. The 78% value suggested that the implementation of all H&S elements by
the designers was ‘likely to occur’ with clients influence. The elements with the highest
likelihood i.e. those elements with the likelihood of above 80% of being implemented by
designers as a result of client influence were found to be:

1. Involving contractors in design reviews;

2. Undertake hazard identification and risk analysis;

3. Designing for H&S and

4. Establish effective H&S policies, procedures and goals.

According to the scale used in this study, the ratings for all scales above suggested that
with clients’ influence, the implementation of the above elements was ‘likely to occur’.
In other words, clients’ influence is a leading indicator of designers’ possibility to involve
contractors, undertake hazard identification and risk assessment, and design for H&S and
also to establish effective H&S policies, procedures and goals.
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Figure 3: Designers' and Contractors' likelihood to implement H&S elements as a result
of clients' influence

Developing staff competence, consult and communicate H&S information and employing
permanent H&S staff were the second most likely elements to be implemented by
designers as a result of client influence. All these H&S elements had a likelihood of 75%
which was described as ‘likely to occur’.

The least likely H&S element to be implemented compared to all other elements was
found to be ‘conducting H&S audits and inspections’. This element had a likelihood of
73%. Although this is a low likelihood compared to others, it is actually a high likelihood
and the implementation of the elements by the designers is described as ‘likely to occur’.

The largest disparity in the likelihood between contractors and designers was observed in
the following elements:

1. Employ permanent H&S staff;

2. Consult and communicate H&S information to stakeholders;

3. Conduct H&S audits and inspections.

In all the, above the likelihood was higher for contractors’. The difference between the



two was found to be about 10% points i.e. contractors were more likely to implement the
H&S elements than designers. The rating relating to contractors’ was described as ‘very
likely to occur’ whilst implementation by designers of the elements listed above was
described as ‘likely to occur’.

With the exception of the H&S elements of ‘involving contractors in design reviews’ or
‘involving workers in H&S management’, the likelihood of contractors implementing all
elements was consistently higher than that of designers. On average, the likelihood of
contractors’ implementing the elements was found to be 83% whilst that of designers was
about 78%. This is about 5% percentage points higher for contractors.

4. DISCUSSION

Improving H&S performance on a construction project has to do with the extent to which
designers and contractors perform in terms of H&S. The aspect of designer and
contractor H&S performance is therefore an important aspect to improving H&S
performance in an overall construction project. Therefore measures should be in place to
ensure that designers and contractors’ H&S performance was encouraged. The question
however is, ‘how do we assure designer and contractor H&S performance?

The current study was therefore a response in part to the above question and sought to
determine the impact significance of clients on designers and contractors’ H&S
performance.

The consensus among panellists regarding the likelihood of contractors implementing
identified H&S elements as a result of client influence was an average of 83% whilst that
of designers was found to be 78%. The panel determined that contractor H&S
performance i.e. implementing the identified elements was ‘very likely to occur’ with
clients’ influence and designers’ implementation was ‘likely to occur’. This finding is in
agreement with other studies that have alluded to the fact that clients can influence H&S
performance (Huang et al 2006). The current finding in addition, estimates the extent to
which clients could influence contractor H&S performance.

The panel determined that the severity of clients” H&S culture on H&S consideration was
‘critical’. Panellists indicated that the negative impact on contractor performance if
factors of clients’ culture were not apparent was determined to be above 8.0.

The resulting client culture impact significances to designers and contractors’ H&S
performance ranged from ‘major’ to “critical’. The suggestion was that clients’ influence
would assure designers and contractors H&S performance. The client cultural factor of
leadership was rated to be more critical compared to other client cultural factors to
contractor H&S performance. On the contrary, the client factor, involvement, was the
most critical to designers The suggestion was that in order to ensure contractor H&S
performance, clients need to provide visible leadership on H&S and a motivation for
designers, was client involvement.



4. CONCLUSION

Findings from the study reviewed the following:

e Clients H&S culture influence on designers and contractors H&S performance has
a high impact significance;

e All clients H&S cultural aspects of involvement, commitment, competence and
leadership have impact significance ranging from ‘major’ to “critical’;

e Contractors were on average ‘very likely’ to implement H&S elements with
clients’ influence;

e Designers were on average ‘likely’ to implement H&S elements with clients’
influence;

e In order to assure designers and contractors H&S performance, client H&S
culture and influence is necessary.

It was observed that Clients’ influence would cause designers’ and contractors’
implementation of H&S to ‘likely to occur’ and ‘very likely to occur’ with a likelihood of
78% and 83% respectively. The significance of this finding was that with the influence of
clients, there is an assurance of a better designer and contractor H&S performance and
thus may achieve the desired H&S performance. Positive clients’ H&S culture could
therefore be taken as a leading indicator for a better designer and contractor H&S
performance.

In conclusion, generalisability of the current study is limited as validation of the Delphi
findings has not been done. The validation is however currently under way using the
structural equation modelling (SEM).
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Research-to-Practice (R2P) Tools for Improving Safety in
Nighttime Highway Construction Work Zones

Ali Mostafavi', Vanessa Valentin?, and Dulcy M. Abraham®

Abstract

The safety of workers in nighttime roadway work zones has become a major concern for
state transportation agencies due to the increase in the number of work zone fatalities. During
the last decade, several studies have focused on the improvement of safety in nighttime
roadway work zones; but the element that is still missing is a set of tools for translating the
research results into practice. This paper discusses: 1) the importance of translating the
research results related to the safety of workers and safety planning of nighttime work zones
into practice, and 2) examples of tools that can be used for translating the results of such
studies into practice. A tool that can propose safety recommendations in nighttime work
zones and a web-based safety training tool for workers are presented in this paper. The tools
were created as a component of a five-year research study on the assessment of the safety of
nighttime roadway construction. The objectives of both tools are explained as well as their
functionalities (i.e., what the tools can do for the users); their components (e.g., knowledge
base, database, and interfaces); and their structures (i.e., how the components of the tools are
organized to meet the objectives). Evaluations by the proposed users of each tool are also
presented.
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1. Introduction

Nighttime construction and maintenance work on highways is becoming very common in the
U.S. Most of the U.S. highways were built in the 1960s and 1970s with a design life of 30
years, and it is estimated that about 33% of the nation’s highways have exceeded their design
lives. According to the Federal Highway Administration (FHWA) in 2007, the estimated cost
to maintain U.S. highways and bridges in order to ensure an efficient roadway system for the
use of the traveling public over the 20-year period from 2005 to 2024 would be about
US$78.8 billion, stated in constant 2004 dollars.

Construction and maintenance work on highways is now being performed at night in order to
reduce the inconvenience that daytime construction causes for the public, especially the
problem of traffic congestion. While beneficial to the traveling public, the practice of
conducting nighttime highway operations forces contractors to work in an environment
which is very different from their usual daytime operations. Based on the data on fatal
accidents in highway work zones in the State of Illinois in the five-year study period of
1996-2001, Arditi et al. (2007) concluded that nighttime construction is about five times
more hazardous than daytime construction. Safety is one of the major concerns of the
contractor while deciding to work at night, and the work may be performed differently from
identical daytime operations due to safety reasons (Hancher and Taylor 2001).

To respond to the safety concerns presented by nighttime highway construction and
maintenance operations, several research studies exploring different aspects of the safety of
nighttime operations have been conducted. For example, EI-Reyes and Hyari (2002)
developed a decision support system (DSS) to optimize the lighting variables in work zones;
Holguin-Veras (2003) emphasized the significance of lighting for the improvement of safety
of nighttime work zones; Ellis et al. (2003) assessed appropriate levels of illumination of
nighttime work zones; Bryden and Mace (2002) assessed traffic control practices in
nighttime work zones; EI-Reyes and Hyari (2005) developed a tool called CONLIGHT to
assess the performance of lighting in nighttime work zones; Hyari and EI-Reyes (2006)
developed a framework for evaluating the lighting requirements of nighttime work zones;
Burgess et al. (2007) assessed the effectiveness of different traffic control strategies for
nighttime operations; Miller (2007) and Miller et al. (2009) assessed different speed control
practices in nighttime work zones; and Valentin (2007) and Valentin et al. (2010) assessed
the effectiveness of various personnel protective equipment (PPE) used in nighttime highway
operations.

As shown in Figure 1, the knowledge management cycle for new information development
includes four fundamental phases: observation and analysis, theory generation, testing and
application, and consolidation (Silver and Shakshuki 2002). The last two phases of KM (i.e.,
testing and application and consolidation) are considered to be the research to practice (R2P)
phases and have not gained sufficient attention in the area of safety of nighttime operations.
Testing and application refers to the application of the findings of the research studies in
practice, and knowledge consolidation refers to the diffusion of new information and
knowledge into the current body of knowledge and practice. The information and knowledge



generated from research studies should be processed and transferred into practice so that the
practitioners benefit from it. So far, many of the research studies on the safety of nighttime
highway operations have covered the first two phases of knowledge management (KM)
cycle: observation and analysis (e.g., Burgess et al. (2007), Miller (2009), and Valentin
(2010)) and theory generation (e.g., Hancher and Taylor (2001), Holguin-Veras (2003), and
Arditi et al. (2007)).

Figure 1- Knowledge management cycle (Silver and Shakshuki 2002)

Knowledge management systems (KMS) have gained popularity in implementation of KM.
There are different forms of KMS: knowledge databases, decision support systems, web-
based learning, training tools, etc. KMS are useful in transferring the findings of research
studies into practice. This paper discusses three R2P tools that were developed as part of a
research study (Grant No.1 R0O1 0H07553, Safety of Nighttime Construction Operations)
funded by the National Institute of Occupational Safety and Health to bridge the gap in the
KM cycle in the area of safety of nighttime highway construction and maintenance
operations: (1) a tool for developing safety recommendations for nighttime highway
operations, (2) a web-based training tool for nighttime highway operations, and (3) course
modules for undergraduate students in the area of construction safety. The goals,
functionalities (i.e., what the tools can do for the users), the components (e.g., knowledge
base, database, and interfaces), the structures (i.e., how the components of the tools are
organized to meet the objectives), and the evaluations of each tool are explained in the
following sections.

2. Safety Recommendations Tools for Nighttime Highway Operations

The objective of the safety recommendations tool is to provide recommendations regarding the
safety of nighttime highway operations based on different project characteristics and activities.
The recommendations are a compilation of applicable standards, such as the Manual on
Uniform Traffic Control Devices (MUTCD), and the findings of research studies such as
Bryden and Mace (2002), Miller (2009), and Valentin (2010). The recommendations tool
facilitates the application and consolidation of the findings of prior research studies regarding
the safety of nighttime operations into practice. The recommendations provided are based on
general conditions typically present at job sites and are not specific to any particular job site.
Therefore, it is not intended for the tool to provide a decision for the project engineer, but
rather to assist in the consideration of the safety aspects, which are dependent on the type of
activities to be performed and on the characteristics of specific projects operating at nighttime.



The tool is not intended to replace any existing safety training and/or manuals but to
complement them instead.

Structure and components

The safety recommendations tool consists of a knowledge database that stores information in
different categories, an interface engine to receive the user input, and a report generating
algorithm to print the recommendation reports. Figure 2 shows the structure of the
recommendation tool. The tool can provide one of two types of recommendations; (1) site-
based and (2) task-based, depending on the type of project, as shown in Figure 3. The site-
based recommendations consider the type of site, based on whether maintenance activities or
construction activities will be performed during the nighttime operation. Four different
activities for both maintenance (i.e., asphalt resurfacing, concrete repair, bridge repair and
crack sealing) and construction operations (i.e., hot-mixed asphalt paving, concrete paving,
concrete barriers, and bridge construction) were included in the tool. Each one of these
activities was divided into sub-activities. Task-based operations consider three typical
activities performed as part of highway operations: (1) closing lanes, (2) flagger operations,
and (3) shoulder operations.

User Interface

Knowledge Interface engine R Re_p_ort | Recommendations —
Database "l writing - I I
software \/ =

Figure 2. Structure of the tool for safety recommendations.
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Figure 3. Categories and sub-categories of site-based and task-based recommendations.

The content of the database is easily editable so that the database can be adapted to the needs
of the user and the applicable regulations. The recommendations tool consists of five main
consecutive screens, which are described in Table 1. In each screen, the user enters specific
inputs, which are used to refine the information to be used in the recommendations. In the
project information screen, the user enters project information such as the name, contract
number, and duration of the project, which identifies the project, and the safety
recommendations. In the project type screen, the user enters input regarding the type of work
site and activities performed. In the project characteristics screen, the user enters input
regarding the characteristics (e.g., number of workers, length of the work zone, original
speed limit, etc.) of the project for which safety recommendations are sought. Figure 4 is a
screenshot of the “Project Characteristics” screen. The input here is used in the selection of
the safety information available in the database to match the specified project type and
characteristics. For instance, when a user defines the original speed limit of the highway in
which the work zone is set up, the safety recommendations will be tailored based on the
specified speed limit. The output of the safety recommendations tool is grouped within four
main categories: (1) lighting, (2) traffic control, (3) personal protective equipment, and (4)
general awareness. Within each category, and when applicable, recommendations are given

in each one of the sub-categories listed in Table 2.
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Figure 4. Graphic user interface of the project characteristics screen

Table 1. Description of the screens in the tool for safety recommendations

Screen Name

User Input

Additional information

Introductory screen

N/A

- Provides access to credits and
references used in the output of the
tool.

- Refers to the grant received from
NIOSH.

- States the disclaimer for using the
tool.

Project information

- Project name

- Project location

- Project duration (start and end
dates)

- Contract number

This information is used to record the
project and the safety
recommendations

Project type Activity-related characteristics: | The program, upon the user’s request,
- Type of recommendation (site- | provides a definition and a figure of
based, task-based) each sub-activity
- Type of site
- Activity to be performed
- Sub-activity to be performed
Project Project- related characteristics: The user has the option to view the

characteristics

- Duration of the project (as
defined by the 2009 MUTCD)

- Estimated length of the work
zone

- Number of open lanes per
direction

- Original speed limit

- Existing lighting in the work
zone

- Number of workers

- Expected weather conditions:
(a) temperature
(b) humidity

recommendations in a new screen or
to print out a report

Recommendations

N/A

In this screen the user is able to
access the recommendations
applicable to the set of characteristics




| | | without having to print out a report |

Table 2. Recommendation categories in the tool for safety recommendations
Recommendation Category Sub-categories

Lighting Minimum illuminance level
General lighting

Task lighting

Lighting layout

Speed control

Signing

Channelizing devices
Safety equipment

High visibility protection
Head protection

Hands and arm protection
Hearing protection

Eye and face protection
Foot and leg protection
Respiratory protection
Awareness and accidents

Traffic Control

Personal Protective Equipment

Recommendations Regarding General
Awareness

Evaluation of the tool

During nine on-site validation/evaluation meetings, nine groups of potential stakeholders (64
individuals total) evaluated the tool; see Table 3 for more details about the groups. After the
nighttime safety recommendations tool was briefly demonstrated, evaluation questionnaires
were distributed to each group. The individuals in each group had the opportunity to use the
tool and obtain safety recommendations for a specified project before completing a
questionnaire about the features and content of the tool and any recommendations the users had
on improving the tool. Figure 5 shows the results of the evaluation of the tool for each of the
evaluated categories. After each validation meeting, the recommendations received from the
stakeholders were reviewed and used to improve the content, presentation screens, and output of
the tool.

Table 3.Groups involved in validation of the Safety Recommendations tool

Group Number of | Date
Evaluators

Indiana Department of Transportation (INDOT)), 1 04/09/2009
INDOT LaPorte Highway SubDistrict Office 2 04/17/2009
INDOT Work Zone Safety Division 6 05/05/2009
INDOT’s Indianapolis Subdistrict Office Nighttime 13 05/05/2009
Crew

INDOT Safety Directors 7 05/13/2009




Indiana Contractors Association (ICA), Indiana 18 05/13/2009
Department of Transportation (INDOT), Indiana
Division of the Occupational Safety and Health
Administration (IOSHA), and the Indiana State Police
(ISP) Safety Joint Cooperative Committee

La Porte Sub-District Office - Safety Review Meeting 12 09/10/2009

Faculty members from U.S. universities 5 02/09/2011
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Figure 5. Results from the evaluations (1- Needs improvement, 2 - Needs minor changes, 3 — Good
enough, 4- Very good, 5 — Excellent) (y- axis — Number of responses)

3. Safety Course Modules

According to Usmen (1994), the role of engineers is to seek opportunities to eliminate or
minimize unsafe acts and conditions through their roles in design, management, and training.
The objective of the course modules in construction safety is to provide training to future and
current engineers about the importance of safety in project goals, devising safety strategies,
and good and poor safety practices at the job site.




Structure and components

The course modules consist of three PowerPoint presentations: (1) Construction Safety: An
Overview, (2) Construction Safety: Focus on Highway Construction, (3) Construction Safety:
Focus on Nighttime Operations. The content of each module is summarized in Table 4.



Validation

In spring 2010, the course modules were presented to a total of 54 undergraduate students at
Purdue University in West Lafayette, Indiana as part of the course “CE 497- Life Cycle
Engineering and Management of Constructed Facilities.” After the modules were presented,
the students were asked to complete an evaluation survey. In addition, the course modules
were evaluated by five faculty members from U.S. universities. Based on the
recommendations of the faculty members and the students, additional photos and videos were
included in the tool, and the text in some of the slides was enhanced.

Table 4.Summary of the content of the course modules

Course Module

Sections

Content

Construction
Safety: An
Overview

Role of safety

- Construction project metrics

- Examples of impacts of safety violations
- Occupational and fatal injuries statistics
- Fatal falls

Accidents in
construction

- What is an accident

- Causes of accidents

- Examples of unsafe acts

- Examples of unsafe conditions

- Worker’s poor attitudes and behavior
- Other issues affecting safety

Motivation for safety
practices

- Statistics
- Impacts of injuries and fatalities

Metrics

- Safety metrics
- Factors motivating safe job site practices

Regulations

- Federal legislations and regulations

- OSHA requirements

- Application of the OSHA law

- Application of state and federal OSHA provisions

Strategies

- Working safely
- OSHA training
- Safety program

Construction
Safety: Focus on
Highway
Construction

Violations in highway
construction

- Examples of impacts of safety violations

Statistics

- Statistics on injuries and fatalities in highway operations.

Causes of accidents

- Hazards leading to serious or fatal occupational injuries in work zone
- Typical behavioral causes of safety incidents in work zones
- Typical accident events in work zones

Legislation and
regulations

- MUTCD
- Worker visibility (23CFR634.1)

Safety strategies

- National Highway Work Zone Safety Information Clearinghouse
- Components of a temporary traffic control zone

- Type of roadway operations considering duration

- Examples of safety strategies

Construction
Safety: Focus on
Nighttime
Operations

Introduction

- Nighttime operations statistics
- Why nighttime operations

- Advantages and issues

- Noise control

- Speed

Lighting

- Lighting issues

- Factors affecting illumination requirements
- Lighting equipment alternatives

- Recommended illuminance levels
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Traffic Control - Factors considered when establishing temporary signing
- Speed control methods
- Work zone implementation

Personal Protective - Importance

Equipment - Factors that determine the effectiveness of PPE
- Additional information

- ANSI-ISEA 107 2004

- Retroreflectivity (cd/Ix*m?)

Awareness and Training | - Role of the engineer
- Unsafe practices

4. Nighttime Safety Web-based Training Tool

The objective of the web-based training tool for nighttime highway operations is to provide
preliminary training to workers and engineers who are new to nighttime highway
construction operations. The training tool is designed to be used by organizations, personnel,
and workers who are involved in nighttime highway construction and maintenance
operations to provide basic safety training. Similar to the tool for safety recommendations
discussed in Section I, the intent of this training tool is not to replace any applicable or
existing guideline or training material, but rather to complement them. The materials
provided in the tool are based on general conditions typically present on jobsites, and are not
specific to any particular job site.

Structure and components

The tool was developed using HTML language and consists of the three major components
shown in Figure 6: network database, content database, and quiz database. The databases
were developed using Microsoft Access tables and are stored on a Purdue University server
(http://rebar.ecn.purdue.edu/nighttime/index.aspx). The function of the network database is
to store the information about the trainees (e.g., trainee name, name of organization,
username and password, and the information related to completion of quizzes. The first time
a user accesses the tool, setting up a login is necessary in order to access to the tool (Figure
7). The login information is stored in the network database. The network database is a
dynamic database which is updated as a trainee progresses through the quizzes related to the
learning modules. The function of the content database is to store the learning modules. The
learning modules are created in the form of web pages in HTML language. The function of
the quiz database is to store the question banks. For each learning module, there is a quiz to
be completed by the trainees. The questions presented in the quizzes are randomly chosen
from question banks related to the learning modules. Therefore, when a trainee retakes a
quiz, a different set of questions is presented.
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Figure 6. Structure of the Training Tool

Quiz
Database

Nighttime Operations Safety PURDUE
Training Gl

Fassword [

Login

Welcome to the Nightuime Operations Safety Traming

This training tool Is designed to be used by organizations, personnel, and workers who are Please | to set up a login if

Involved In nighttime highway construction and mainienance operations 1o provide BASHC you are a first ume user.

Figure 7. Login set up for the first time users

Learning Modules

There are four main topics covered in the training tool: traffic control, lighting, personal
protective equipment (PPE), and awareness. Each of these topics includes different learning
modules. The list of learning modules is presented in Table 5. The nighttime work zones
module discusses the parts and planning issues of nighttime work zones. Important
considerations in planning the layout of nighttime work zones, internal traffic control plans,
and external traffic control plans are discussed in this module.

The channelizing devices module discusses the purpose of channelizing devices. and their
layout and spacing considerations are explained. The work zone signs module discusses the
use of temporary signs for traffic control in work zones. The characteristics of different
temporary signs, such as warning signs, regulatory signs, and information signs and their
locations in nighttime work ones, are presented. The speed control module discusses the key
features of speed control techniques typically used in nighttime work zones. The lighting in

12



nighttime work module discusses the different aspects of lighting in nighttime work zones.
The minimum illuminance levels for different construction operations are discussed, and
lighting design considerations are explained. The lighting equipment module discusses the
key features of temporary lighting equipment as well as lighting sources and different
configurations of lighting systems. The Personal protective equipment (PPE) module
discusses the different types and applications of protective equipment and addresses issues
related to the selection of PPE for nighttime operations. The Awareness module discusses the
main causes of accidents in nighttime work zones. The module explains the importance of
awareness in nighttime work zones and provides examples of good practices and poor
practices using photographs.

Table 5. Learning Modules

Topic Learning Module
Traffic Control Nighttime Work Zones
Channelizing Devices
Work Zone Signs
Speed Control
Lighting Lighting in Nighttime Work
Lighting Equipment
PPE PPE Types and Applications
Awareness Awareness Issues

The content of the learning modules includes: 1) the findings of the research studies in the
area of safety in nighttime construction operations, such as the findings related to safety
management strategies, speed control, traffic control, PPE, and lighting considerations; and
2) information from relevant guidelines and specifications, such as the MUTCD, and
information from the current nighttime safety literature (e.g., Bryden and Mace (2002),
Burgess et al. (2007), Miller (2009) and Valentin (2010)) is also used. The references are also
provided in order that a trainee can refer to them for more information. Figure 8 shows a
screenshot of a learning module.
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Figure 8. A screenshot of a learning module

Quizzes

There is a quiz associated with each learning module. The questions in each quiz are
randomly chosen from the question bank related to the learning module. The questions are
designed to ensure that trainees “learn” the materials presented in the modules. The passing
grade for each quiz is 80%. If a trainee fails to complete the quiz satisfactorily, reviewing the
learning module again and retaking the quiz are possible. To ensure the learning process, the
questions in each quiz are randomly changed each time. The information related to the
trainee’s progress related to the completion of the quizzes is stored in the network module.
Trainees can track their progress at the quiz progress page (Figure 9).

OQuiz Progress Page for testl

Progress (You may click the quiz link and retake the quix)
Qule 23 (NIghttime Worlse Zonoes): 85/ 6 | Date: 12/20/20170 10 2642 AM

Qule 22 (Choannellzsing Deuvicas) 3/ 56 | Date : 1/26/2011 14620 PM
Qule #3 (Woilk Zone Slans).o/s | Date : 1/10/2011 512 52 PM

Qule 24 (Speed Conteal):0F S | Dote : 2/6/2011 5 43 35 PM

Quite #5 (Llahtinag in Niabttione Worlk):/ 6 | Date :
Quize #G Cliahting EQuipmant). ./ 6 | Dute :
Quiz 7 (PFausnaoal Protective Eqguipmant (PPE) ) & | Dare :

Passing grade for completion of a quiz is 80%

If you have completed all the modules and quizzes, please proceed
to the following link to receive your training completion certificate
If yvou have not completed all section=s, you cannot see the link.

Figure 9. A screenshot of the trainee’s quiz progress page
When all of the learning modules and related quizzes are completed successfully by a trainee,

a completion certificate is presented to the trainee, and this certificate can be printed. Figure
10 shows the completion certificate.
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NIGHTTIME CONSTRUCTION SAFETY TRAINING TOOL - COMPLETION REPORT

This 15 1o cerufy that My / My, test] test]l has completed the Nighttume Constructuion Safery Training tool
I'he tool provided web-based traxming regarding safety in nighttimme construction operations™
The summary of the trainee’'s completion of the training modules s presented in the following table

Progress (You may click the quiz link and

retake the quiz) ‘

Module Completion Date Score obtained and (I'omplc-uon

Percentage Status
SI505 B A

Quiz #1 (Nighttime Work Zones) )\‘FV/FOI"O“O 10:26:42 55 100% COMPLETED
VYA -

Quiz #2 (Channelizing Devices): e SIS0 14r'5, 80% COMPLETED

Quiz #3 (Werk Zene Signz) p2/2011 11:34:03 15 5, 100% COMPLETED

Quiz #4 (Speed Control): ;‘\”\1/1'” 2011 11:38:04 1, 5 80% COMPLETED

o 9

Quiz 45 (Lighting in Nighttiune Work): 2/,:17/)011 S C 5, 100% COMPLETED
3/12 = - .

Quiz #6 (Lighting Equipment) A/'J,] /2011 11:41:04 5/ 5, 100% COMPLETED
YLy v

Quiz #7 (Personal Protective Equipment (PPE)): /J\’&*"O“ 11:42:37 145 80% COMPLETED

Figure 10. A screenshot of the training completion certificate
Validation of the Safety Training Tool

The initial version of the training tool was tested by four faculty members in construction
engineering from different universities in the U.S. who have conducted extensive research
related to the safety of construction operations. They evaluated the training tool in terms of
the content of the learning modules and quizzes and the structure of the tool. Table 6
summarizes the faculty members’ evaluations of the tool, where the number in each cell
represents the number of faculty members who rated a specific characteristic of the tool.
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Table 6.Summary of the evaluation of the Safety Training Tool

Web-based Nighttime Safety Training Tool
Characteristics of Evaluation
the Tools MNeeds Good Excellemt
Improvement
1 2 3 + 5
Comprehensiveness - -
of the Topics - -
UserInterface 2 2
Graphies and 1 - -
figures - -
Userfriendliness 3 1
Organization of 3 1
MModules -
Depth of Contents 3 1
Structure of 1 1
Quizzes -
Structure of the 4 1
Tool )
Functionality 3 1
Mot of Value Moderate Significamit
Level of Value Value
Walue to Safety
personnel in 1 2 1
Industry
Owverall Evaluation 1 - 1
of Modules =
Overall Evaluation
of Quizzes 1 3

5. Summary and Conclusions

Research-to-practice tools are needed to facilitate application and consolidation of the new
knowledge created in research studies related to the safety of nighttime highway operations.
Three research-to-practice tools related to the safety of nighttime highway operations were
presented in this paper, and their objectives, components, structures, and functionalities were
discussed in detail. These tools have the potential to facilitate diffusion of research findings
related to the safety of nighttime operations into practice and enhance the knowledge
consolidation in this area.

Acknowledgements

Funding for this study was provided by the National Institute for Occupational Safety and
Health (NIOSH) through Grant No.1 R01 0H07553. The authors are appreciative of the
financial support. Any opinions, findings, and conclusions or recommendations expressed in
this paper are those of the authors and do not reflect necessarily the views of the NIOSH.

16




References

Arditi, D., D. E. Lee and G. Polat. (2007). Fatal accidents in nighttime vs. daytime highway
construction work zones. Journal of Safety Research, 38(4), pp. 399-405.

Bryden, J.E. and Mace, D. (2002). Guidelines for Design and Operation of Nighttime Traffic
Control for Highway Maintenance and Construction. NCHRP Report 476.Transportation
Research Board.

Burgess, B., Jennings, K. and Abraham, D. M. (2007). Traffic Control Safety Issues in
Nighttime Construction Operations: Safety Perception and Practice. Construction
Information Quarterly: Special Issue on Safety and Health in Construction. Chartered
Institute of Building, Ascot, U.K. Vol. 9, Issue 3, pp. 132-139.

El-Rayes, K., and Hyari, K. (2002). Automated DSS for lighting design of nighttime
operations in highway construction projects. Proc., 19th Int. Symp. on Automation and
Robotics in Construction, ISARC 2002, 135-140 pp, National Institute of Standards and
Technology, Gaithersburg, Md.

El-Rayes, K., and Hyari, K. (2005). CONLIGHT: Lighting design model for nighttime
highway construction. Journal of Construction Engineering and Management, 131 (4), pp.

467-477.

El-Rayes, K. and Hyari, K. (2005). Optimal Lighting Arrangements for Nighttime Highway
Construction Projects. Journal of Construction Engineering and Management, ASCE,
131(12), pp. 1292-1300.

Ellis, R.D. Jr., and Kumar, A. (1993). Influence of Nighttime Operations on Construction
Cost and Productivity. Transportation Research Record, Issue 1389, 31-37, Transportation
Research Board, Washington, DC.

Federal Highway Administration (FHWA). (2008). Highway Statistics. Status of the Federal
Highway Trust Fund 1. (03/05, 2010).

Hancher, D. E., and Taylor, T. R. B. 2001. Nighttime Construction Issues. Transportation
Research Record: Journal of the Transportation Research Board, 1761(1), pp. 107-115.

Holguin-Veras, J., Ozbay, K., Baker, R., Sackey, D., Medina, A., and Hussain, S. (2003).
Toward a Comprehensive Policy of Nighttime Construction Work. Transportation
Research Record: Journal of the Transportation Research Board, 1861(-1), pp. 117-124.

Hyari, K., and El-Rayes, K. (2006). Lighting Requirements for Nighttime Highway
Construction. Journal of Construction Engineering and Management, pp. 132 - 435.

17



Manual on Uniform Traffic Control Devices. (2009). US Department of Transportation,
Federal Highway Administration, US.

Miller, L.R. (2007). Effectiveness of Speed Control Measures on Nighttime Construction and
Maintenance Projects. M.S.C.E. Thesis. Purdue University, West Lafayette, IN.,May 2007.

Miller, L., Abraham, D. M. and Mannering, F. (2009). Effectiveness of speed control
measures on nighttime construction and maintenance projects. ASCE Journal of
Construction Engineering and Management, 135(7), pp. 614-619.

Silver, D. L. and Shakshuki, E. (2002). Knowledge Management: Integrating Perspectives’.
International Conference on Knowledge Management, pp. 254-259.

Usmen, M. A. (1994). Construction safety and health for civil engineers, ASCE, New York.

Valentin, V. (2007). Effectiveness of personal protective equipment for improving worker
visibility of nighttime construction and maintenance projects. MSCE Thesis, Purdue
University, West Lafayette Indiana.

Valentin, V., Mannering, F. L., Abraham, D. M., and Dunston, P. S. (2010). Evaluation of
the visibility of workers’ safety garments during nighttime highway-maintenance operations.
Journal of Transportation Engineering, American Society of Civil Engineers. Volume 136,
Issue 6, pp. 584-591.

18



Can Safe Design be a Source for Construction
Innovation?

Michael Behm
East Carolina University
Greenville, NC, USA

John Culvenor
University of Ballarat
Ballarat, VIC, Australia

Kelvin Genn
Sinclair Knight Merz
Sydney, NSW Australia

Abstract:

Despite the advances of safe design regulation and research over the past twenty years, its
effect on business value will ultimately determine the concept’s adoption and its effect.
This is particularly true in the United States where regulations like the United Kingdom
or Australia are not likely at least in the short term. This paper is a theoretical paper
which describes the creative opportunities that thinking about safe design can have across
the life cycle of the built environment. We will provide examples of how safe design has
enhanced creativity yielding both organizational and technological innovations resulting
in safer more productive construction projects. We will explain how a well formulated
and implemented safe design strategy facilitates these innovations.

Keywords: Safe design, innovation, strategy.

1. Background

Globally, most notably in the United Kingdom and Australia, safe design regulations
have been in place for some time. In the United States, the National Institute for
Occupational Safety and Health (NIOSH) national initiative on Prevention through
Design, established in 2007, is at its midpoint. Despite the advances of safe design
regulation and research over the past twenty years, its effect on business value will
ultimately determine the concept’s adoption and its effect. The design and construction
community has choices as it relates to the safe design concept. They can resist safe design
and ignore it. Secondly, they can react to safe design once it is regulated or otherwise
imposed on them. This usually results in a checklist type mentality seeking to meet a
regulatory requirement or, at best, a client’s request. Thirdly, they can embrace and
internalize safe design using it to their advantage as a new strategy. This is the focal point
for our paper. A strategy is defined as the planned processes used by firms to improve
core competencies and facilitate innovation (Burgelman et al. 2004). The essence of



strategy is choosing to perform activities differently than rivals (Porter, 1996). Innovation
refers to ideas, practices, or objects that are perceived as new by an individual or other
unit of adoption (Kale and Arditi, 2010). The Council on Competiveness (2005) defines
innovation as the “intersection of invention and insight, leading to the creation of social
and economic value”. Innovations can be categorized as either technological or
organizational: the former have a technical or physical character, and typically involve
product or process innovation, while the latter are about advanced firm practices, and
typically involve marketing or managerial innovation (Manley et al, 2009).

This paper is a theoretical paper which describes the creative opportunities that thinking
about safe design can have across the life cycle of the built environment. We will provide
an example of how safe design has enhanced creativity yielding both organizational and
technological innovations resulting in safer more productive construction projects. We
will explain how a well formulated and implemented safe design strategy and culture
facilitates these innovations.

In 1991, Harvard business professor Michael Porter published his seminal essay which
challenged the false dichotomy between environmental regulations and economic
competitiveness (Porter, 1991). Porter and van der Linde (1996) published a frequently
cited manuscript in Harvard Business Review on the way that environmental regulations
could drive a firm’s competitiveness. They claimed that innovations can address
environmental impacts while simultaneously improving the affected product itself and/or
related processes. At that time, there was critical pushback by businesses maintaining that
environmental regulation eroded their ability to create profit. It was ecology versus the
economy. However, Porter and van der Linde argued that strict regulation can trigger
innovations that ultimately lower the total costs of a product or improve its value. Using
specific examples from the Dutch flower industry and global chemical companies, they
reported that these innovations enhanced resource productivity making a company more
competitive, not less. The safe design concept is in a parallel condition today as was the
environmental movement when Porter and van der Linde published their ideas. While the
safety community purports the value of safe design to construction site safety, its effective
adoption will not be fully realized until the business case can be demonstrated.

2. How do design innovations occur?

According to Drucker (1985), most innovations, particularly the successful ones, are
derived from a conscious purposeful search for innovative opportunities, only found in a
few situations. Engineering design innovation happens deliberately more often than it
does by inspiration; it is more often incremental than radical (Petre, 2004). Incremental
innovation is a small change, based upon current knowledge and experience, whereas, a
radical innovation is a breakthrough in science or technology that often changes the
character and nature of an industry (Slaughter, 1998). Incremental innovations most
often appear within the organization that has the knowledge base upon which to develop
improvements (Marquis, 1988 as cited by Slaughter, 1998). We view safe design, as an
overarching principle within design, as an incremental innovation.



Panuwatwanich et al. (2008) found that perceived organizational culture in a design firm
can function as a gateway to the diffusion of innovation, by mediating the relationships
between leadership and team climate, and innovation diffusion outcomes. In other words,
without a culture for innovation, it is unlikely that creative ideas will be transformed into
innovative products.

Petre (2004) describes fourteen strategies that expert designers use to ‘get out of the box’
of familiar thinking, to identify gaps in existing products, and to go beyond ‘satisficing’.
They are:

1. Systematic knowledge acquisition (Patent searches; technical literature reviews;
analysis of legislative requirements and regulatory standards; review of the
competition)

Collection of ‘loose possibilities” (Idea diaries)

Record keeping

Reflection on completed projects

Systematic re-use or re-application of recent innovations

Identification of barriers

Attention to conflicts (Between engineering and cost — maybe between
engineering and safety?)

8. Brainstorming

9. Systematic exploration of possibilities: gap finding

10. Scenarios and consequences

11. Stripping down to fundamentals

12. Considering ‘essences’

13. Systematic variation in constraints

14. Playing with toys

Noohkown

A further characteristic of the exceptional companies is routine investigation beyond
domain boundaries; engineers actively explore ideas and technologies outside their own
areas of expertise (i.e., safety) (Petre, 2004). This exploration is sometimes problem-
oriented but sometimes open-ended. Often they find ‘pointers’ by consultation and
discussion with colleagues in other domains; clearly this is facilitated in a multi-
disciplinary environment (Petre, 2004). Design as problem solving requires the ability to
embrace many different kinds of thought and knowledge—art, science, and technology.
Design solutions therefore tend to be holistic, and designers have been referred to as
“knowledge brokers” (Rylander, 2009).

3. How can safe design be a source for innovation?

The hypothesis that safe design can be a source for innovation comes largely from John
Culvenor’s previous work. Culvenor (2006) evaluated the hierarchy of controls as a
problem solving tool and hypothesized the relationship between their implementation and
creativity potential as shown in Figure 1.



Creative potential

Effort

Figure 1: Relationship between hierarchy of control use and creative potential

Culvenor proposes that the high-order solutions (engineering, substitution, and
elimination) present a great opportunity, but they are difficult and demand a high level of
thinking. His figure hypothesizes that if the hierarchy is applied to thinking about OHS
problem solving, they have the potential to drive creative thought and possibly arrive at
not only a safer way, but a better way, of achieving a given outcome. He correctly warns
that this thinking is very much a double-edged sword; on one hand helping to drive
creativity, but on the other being too easily brushed aside as farfetched. Culvenor’s
earlier research highlights the notion that ideas like eliminating a piece of equipment or a
process makes no sense and can even be insulting to those who are responsible for the
design (Culvenor, 1997). He demonstrates the parallels between breaking creative
thinking paradigms and OSH problem solving. Culvenor (2000) states that innovative
thinking means searching for a new paradigm for an old problem. Safety will continue to
be a burden, continue to be something to 'pay for', unless creative solutions are sought
(Culvenor, 2000).

4. How Do We Design for Safety?

This is a fundamental question for our paper because the available tools to implement
safe design is related to how well firms can be innovative. One approach can be a



systematic approach utilizing existing guidance documents and design suggestions. For
example, the Health and Safety Executive has a Red, Amber, and Green list of practical
aides to designers on what to eliminate/avoid, and what to encourage
(http://www.hse.gov.uk/construction/cdm/hse-rag.pdf). The Construction Industry
Research and Information Association (CIRIA) in the United Kingdom publishes a guide
with deign suggestions. The Construction Industry Institute in the United States produces
software which includes a database of over 400 design suggestions. Behm (2005)
developed additional suggestions based on a review of fatality cases. The idea behind
these suggestions is that it specifies to a designer that ways to mitigate the design to
reduce risk. The suggestions are largely engineering controls (i.e., design in anchor
points) or communication of risk to contractors (i.e., that overhead power lines are in the
area of work).

Another approach would be to brainstorm about safety and health risks during the design
phase on a construction project. This is embodied by incorporating safety into design
reviews. An example process would be the Construction Hazard Assessment Implication
Review (CHAIR) process, which utilizes a pre-determined set of guidewords or prompts
to assist brainstorming process with the goal of identifying and eliminating or minimizing
risks in a design as soon as possible in the life of a project. By brainstorming about safe
design, designers have the ability to think outside the box and generate new innovative
solutions. In contrast by using a list of design suggestions or checklists, a designer might
feel confined to those suggestions, which are largely engineering controls or risk
communication. We’re not saying these aren’t good; these suggestions have been proven
to reduce risk. What we’re saying is that there is a greater opportunity for innovation with
brainstorming and out of the box thinking compared to checklists which tend to constrain
ideas.

If we are to consider safe design as a source for construction innovation, the distinction
that must be drawn for the safety paradigm is between safety as a regulatory and
compliance notion, and that of an innovation modality. The design process in its most
successful form enlists curiosity, inquiry and ingenuity to reach beyond the expected to
the possible. It therefore can be proposed that Safe Design is the use of the design process
to reach beyond the expected (regulation — Hudson Calculative) to the possible
(innovation - Hudson Generative). There is a differential condition between design for
compliance and design for innovation. Design for compliance accepts the existing safety
and knowledge state for a limited set of conditions and use (checklists); whilst safe
design explores the future state. For Hudson’s Safety Culture Maturity Model, see Figure
2.

Safe design is a generative environment with incremental innovation that exists in a state
of continuous discomfort with the current state, whilst design for compliance depends on
the assumption that the standard is inherently safe, and is the expression of the
accumulated current knowledge state.
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Figure 2: Safety Culture Maturity (Hudson, 2003)

Reason (1997) proposed three organizational conditions for safety: 1) Commitment,
management commitment to a safety culture and practice; 2) Competence in the correct
way to gather safety information on the right matters and to react to information
correctly; and 3) Cognisance, where there is organizational mindfulness and a constant
state of unease with the current state. To effectively engage Safe Design, these three
organizational characteristics must be integral to the client, designers and constructors
cultures. We stated earlier that the CHAIR process is better than checklists in eliciting
innovation; however, any process is only as good as the organizational conditions that
allow it to grow and be innovative.

The innovation that we are talking about was characterized by Edward de Bono (1977) as
‘lateral thinking’. If you look at a construction schedule it is anything but lateral. It
implies that one thing will follow another thing until the work is complete. So you don’t
occupy the building before you build it. However that is just what you need to do. You
don’t maintain an air conditioner before you design the system. But that is what is
needed. The key problem with construction rework, accidents, commissioning problems,
etc is that the construction schedule proceeds faster than knowledge acquisition. If
knowledge about a commissioning problem arises at commissioning then it is too late.
The consequences are delays and expenses. This does not occur if the information is
available at the right time. So the key is to drive information, knowledge and ideas up
the schedule. Working out issues after they are done, after mistakes are made, cannot be
a recipe for success. Developing an understanding of the full lifecycle of a construction
job is just as vital as it was in quality management. For instance, consider the work of
Deming (1982). Once you made a bad part in a factory it was obvious. This was
knowledge. However it arrived too late. All that could be done at that time was to sort
out the mistakes from the good parts. The key to quality was to understand how the



whole system performs through analysis and importantly the involvement of all people
who contribute. Much the same can be done in construction today.

5. Case Study Firm

Sinclair Knight Merz (SKM) is a leading projects firm, with global capability in strategic
consulting, design and delivery operating in three regions: Asia Pacific, the Americas
(Central and South) and EMEA (Europe, Middle East & Africa). SKM executive
management believes that the impetus for safe design goes beyond the regulatory and
moral reasons. According to their website “safety in design is one area where we can use
safety to gain a market edge and differentiate ourselves from our competitors”. See
http://www.skmconsulting.com/.

We had the opportunity to conduct focus groups and interviews with SKM designers and
safety professionals with the goal of gaining an understanding of how they view safe
design within the organization and to explore the tools and methods they utilize. For
example, one engineer described his involvement with a telescopic column canopy for
petrol service stations. The idea was developed by thinking about construction worker
safety and seeking to minimize work at height. By developing a hydraulic lifting process,
the canopy could be constructed quicker and with less cost. He stated to us

“The results from this particular innovation have been very encouraging; the
total man hours required to work at height on canopy installations has been
reduced by 95 per cent, almost eliminating the need to have workers exposed to
risks associated with such work. The telescopic column canopy has also reduced
the critical path of the construction timeline.”

A video of the telescopic canopy and the feedback from the client, Shell, can be found at:
http://www.skmconsulting.com/Knowledge-and-Insights/Achieve-Magazine/Issue4-
2010/articlel.aspx. Figure 3 and Table 1 illustrate and sum up the benefits to both safety

and site productivity.
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Figure 3: Pictures and description of telescopic gas station canopy

Table 1. Safety and productivity benefits of the telescopic canopy

Risk Conventional .Canopy Telescopic Column Canopy
used earlier
Working at Height 3,250 Hrs 50 Hrs
Exposure Hour
Time frame to carry out 25 to 30 Days 6 to 8 Days
activity

By focusing on worker safety and thinking outside the box, the design engineer was able
to create a win for safety and a win for cost and schedule. Furthermore, by eliminating
the hazard, we have instituted a passive control, where the worker does not have to act to
institute the control. By analyzing the hierarchy of controls, we can easily find several
solutions to the recognized hazard of construction worker working at height to build the
canopy. Designers could communicate the fall hazard and specify in the bids documents
or construction plans that fall protection is necessary. This would be a downstream
measure that may not be feasible and would require the constructor to engineer fall
protection solutions; we already showed that this is more difficult as the project schedule
evolves. The designer could design in anchor points, horizontal lifeline, or other means of
fall protection. These controls are active controls in that their success requires proper use
by workers. Passive controls are preferred over active controls. By designing the
telescoping canopy to be built at ground level and then jacked up, the designers have
installed a passive control which is truly eliminating risks.

We classify the telescoping canopy as an innovation based on the definition of Kale and
Arditi (2010), referring to ideas, practices, or objects that are perceived as new by an
individual or other unit of adoption. Further it is a technological innovation as defined by
Manley et al. (2009). However, the thinking about safe design in beyond compliance
ways that seek to add value is also an organizational innovation since very few, if any,
firms are thinking in this way. According to Porter (1996), strategic positioning means
performing different activities from rivals or performing similar activities in different
ways. This is why SKM views safe design as a market differentiation strategy.



Additionally, this example demonstrates the innovation and creativity that can develop
when a designer focuses on something outside their original sphere of expertise or takes
advantage of the lateral thinking opportunities offered by the safe design approach.

Lateral thinking characterises thinking outside the boundary. In connection with creative
thinking, the use of the term lateral thinking arises from the work of de Bono (1971) who
defined main features of lateral thinking as follows.

1. Recognition of dominant polarizing ideas.

2. The search for different ways of looking at things.

3. Arrelaxation of the rigid control of vertical thinking.

4. The use of chance.

Edward de Bono (1992) illustrated lateral thinking with the diagram below showing that
lateral thinking is a jump from the obvious. While the side path looked small, once the
jump is made the pathway appears as wide as the original path.

Figure 4. Lateral Thinking (de Bono, 1992)

The construction process is often presented as a linear sequence as below. There is
pressure to get to the next stage. The whole job is “important”, but completing the
current stage is “urgent”. Diversions from the path are unwelcome.



Gas Station Need —» Design — Construct —»  Use

Figure 5. Traditional thinking about gas station, this way looks like the obvious way —
expedient and normal.

New ideas can come from mistakes or lucky events. Alternatively we can drive them
purposefully. The gas station example is a good illustration. The usual way of preparing
the design would have been a faster. The next stage in the process would have been
faster. However the overall effect would have been slower, more expensive and less safe.
The lateral provocation was driven by safe design. The eventual benefit of the lateral
provocation was better safety and a better schedule. The challenge is that while this is
obvious afterwards, it is not obvious before. There must be a culture that encourages
exploration of new possibilities. Occasionally these will be elegant and very useful.
Very often efforts of this kind will lead to nothing and we will return to the normal path.
However, without looking the result will be guaranteed to be nothing.

The new way looks obvious — after the lateral
provocation and effort to see if it would work

/

Construct
on groun

Use

Lateral provocation: can we do
this without working at height?

Gas Station Need —»  Design -~

Figure 6: A design innovation brought about by thinking about safety



6. Conclusions and Future Research

How do designers react to safe design? Do they react with thoughts of ‘possibility” or
‘pain’? Is their mindset that “I better do that or I’ll be in trouble”, or is it that “I can be
great at this”. The safe design approach offers designers the freedom to think which is
enabling because that’s what’s they’re good at doing. Organizations need to create the
construct for them to go beyond regulation. In other words, design organizations need to
be “adaptive”. Boris et al. (2009) suggest a new age of safety, called the ‘adaptive age’,
where human (both designer and constructor) variability is an asset rather than a liability
and learning from successful performances is as important as learning for failure. At
SKM, designers are encouraged to utilize a cognitive framework to design for safety, and
a large part is client driven. The goal within the culture is to enable designers to do
innovative thinking rather than constrain them through rules and standards. The
interesting aspect of safe design, both as a philosophy and as a regulated matter is that it
is a ‘rule’ that encourages creativity. There are techniques to help like brainstorming and
social networking among designers is also another common method. SKM makes an
effort to be adaptive. They don’t pretend you can write everything down about safe
design, but it’s about a mindset of the designer about what safety in design means — it’s
not designing to the rules/specifications, but rather it’s thinking about the outcome and
how it can be met. Fall from height is a general risk term that would appear in many
(almost all) construction projects. Rules-based thinking would follow a checklist to
either inform about the risk or design in active systems such as anchor points. Those
ideas would probably be useful steps forward but they would not offer additional benefits
that were delivered in the gas station example. Because each construction project is
unique, an adaptive firm has an advantage in safe design. Each project is an opportunity
for something new in a new discipline for the design team. That represents the
“possibility”; the checklist mentality is the “pain”. Creativity in safe design is not about
being random and doing whatever comes to mind, but rather using this mandate to
prompt new ideas, and to use them if they are better. They won’t always be better, thus
rigorous analytic thinking remains necessary. It is not known whether the design
community sees safe design in this way. Do they see the possibility and innovation that it
offers?

Sometimes meeting safe design regulations can force a “check the box” type of mentality.
However, sometimes grappling with the constraints imposed by legal requirements leads
to reformulation and innovation; sometimes it simply improves performance by focusing
efforts on what is realistic within the rules (Petre, 2004). Viewing safe design as an
opportunity rather than a pain is a positive first step in the maturity path to a generative
environment. Win-win situations will not always occur. However, we suggest they are
worth the look, and as Culvenor recognizes, the effort is higher but the creative potential
is too. In response to Porter’s seminal essay and then U.S. Vice President Al Gore’s
praising of the green economy, Walley and Whitehead (1994) argued the inspirational
rally cry of Gore and Porter provided little specific guidance for managers. Further, they
purport that win-win solutions are rare, are largely insignificant, and suggest that seeking
win-wins should not be a firm’s environmental strategy. Seventeen years later, we
wonder what Walley and Whitehead would think of the green movement today, in 2011.



To sum up our view, we parallel Porter and van der Linde again and substitute the phrase
‘safe design’ for ‘environmental regulation’.

How an industry responds to safe design may, in fact, be a leading
indicator of overall competitiveness. Only those companies that innovate
successfully will win.

To answer the question posed in our title, we believe safe design can be a source for
construction innovation in a culture of innovation exists within a generative safety
culture. We further believe that safe design as a source for innovation is highly
underutilized. Safe design can be an intersection of invention and insight, leading to the
creation of social and economic value. This was demonstrated by the telescoping
example, and this is not an isolated example from SKM. Admittedly, SKM still has a
long way to go to develop their safe design culture. They are in a continual process of
organizational learning and that is their culture.

Because this paper is a theory building paper, there are numerous potential future
research endeavors. Some that we see include:

1. Survey SKM design professionals, or other design firms using who have
experienced safe design innovation, on the methods they use to design for safety
and quantify the value of their methods.

2. Evaluate the specific safe design strategies used by SKM, or other design firms
using who have experienced safe design innovation, and measure their impact on
eventual life cycle safety and on traditional business measures for a variety of
projects.

3. Perform case studies on the impact of various safe design methods utilized by
SKM, or other design firms using who have experienced safe design innovation.
Measure the impact of innovations. Measure the financial and time costs and
benefits of safe design.

4. Perform the above with a variety of firms for comparison.
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Abstract

Although there is no consensus on how to define the safety culture of an organisation,
the concept is now recognised as an essential contributor to improved occupational
safety performance in construction. Indeed, the subject of safety culture has attracted
considerable attention in the literature in recent years. The health and safety culture in
an organisation is determined by the social and psychological relationships in the
workplace. Some view safety culture as a management issue but so fuzzy to the
extent that it cannot be measured or reliably changed. The concepts of organisational
culture and climate are discussed. The concept of health and safety culture is
evaluated including the factors that influence it; its assessment and measurement
methods. Results of interviews with site safety managers of construction companies
that exhibit strong safety cultures are reported. The objective of this work was to
determine what works for them. The results reveal that the factors that contribute to
positive and negative safety cultures in construction can be grouped into six
categories: organisation factors, individual factors, team factors, job design factors,
management factors and supervisory factors. The overall aim of this research is to
recognise and understand the complexity of health and safety culture on construction
sites, to develop successful measurement methods and intervention tools to create a
positive culture on a construction site.

Keywords: organisation culture, construction safety, safety culture, safety climate.
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1. INTRODUCTION

It has been recognised that cultural change in organisations in the construction sector
is essential to bring about a fundamental change in performance to deliver improved
safety. It is for this reason that the concept of safety culture has attracted significant
attention in safety science research over the last three decades. Safety culture may be
considered as a sub-set of organisational culture. The concept of organisation culture
is reviewed in this paper including an assessment of its key characteristics. This is
followed by a discussion of the concept of safety culture although it should be made
clear that there is at present no universal agreement on its definition. A review of
research studies on safety climate and safety culture is provided. Results of interviews
with site safety managers of construction companies that exhibit strong safety
cultures are reported. The objective of this work was to determine what works for
them. This study was motivated by the desire to answer a number of fundamental
questions on safety culture in construction. These questions are: Can safety culture be
measured? Can it be changed? Can it be controlled or managed? Is there empirical
evidence linking safety culture and safety performance?



2. ORGANISATIONAL CULTURE

Organisational culture can be defined in a number of ways. For example, Schein
(1992) defines organisational culture as a pattern of shared basic assumptions that the
group learned as it solved its problems of external adaptation and internal integration;
that have worked well enough to be considered valid and therefore to be taught to
new members as the correct way to perceive, think and feel in relation to these
problems. Another definition of culture is a common set of ideas, values, attitudes,
and norms that characterise a group of people. Culture is an aspect of all sides of a
society and influences how we approach safety, technology, politics, economics, etc.
It influences how we think and act in our everyday lives. Thus, culture is something
that has an influence on most things and perhaps everything that we do (Haukelid,
2008).

Organisational culture can be placed alongside other organisational parameters such
as organisation structure, the goals and corporate strategic plans, the competence and
talents of staff, management style, and the systems and procedures. Culture is one of
the organisation’s variables that influence its performance. All these variables are
however interactive and interdependent. Organisational culture has a number of
important functions. It can specify values and goals that are important in an
organisation. It can prescribe appropriate relationships between the employer and
employees and vice-versa. It can indicate how behaviour is controlled in the
organisation and the controls that are legitimate.

Organisational culture can be influenced and changed but perhaps over a period of
time. Guldenmund (2007) argues that within organisations, there are three major
forces that operate at the same time and are interrelated. They are: organisation
structure, culture and processes. The organisation structure outlines the formal
organisation and the mechanisms of communication, coordination and control.
Organisation structures allocate formal power. However, alongside these formal
structures are informal structures. Informal structures are equally important to
understanding the culture of an organisation. The processes are the actual primary and
supporting processes going on throughout the organisation. If we accept that safety
culture is part of the organisational culture, then it is influenced by both structure and
processes.

There is general consensus that there is a difference between the terms organisational
culture and organisational climate although in some literature there is a tendency to
treat them as synonymous. Cox and Cheyne (2000) take the view that culture in
general and safety culture in particular, is often characterised as an enduring aspect of
the organisation and thus not easily changed. On the other hand, organisational
climate can be viewed as a manifestation of organisational culture. In other words,
climate follows naturally from culture. Cox and Cheyne (2000) argue that climate is a
temporal manifestation of culture, which is reflected in the shared perceptions of the
organisation at a discrete point in time.

Guldenmund (2000) states that the term organisational culture refers to a global,
integrating concept underlying most organisational events and processes, whereas the
term organisational climate means the more overt manifestation of the culture within
an organisation. Climate is commonly conceived as a distinct configuration with



limited dimensionality surveyed through self-completion questionnaires and that it is
up to a certain point, objective and semi-quantitative. On the other hand,
organisational culture is often determined through a combination of methods
including observations, focus groups, interviews, through mutual comparisons and so
on. Measures of organisational culture are thus qualitative and difficult to quantify.

3. SAFETY CULTURE AND SAFETY CLIMATE

Safety culture can be considered as a particular aspect or subset of organisation
culture. No review of safety culture would be complete without an evaluation of the
relevant aspects of organisational culture. The definition of safety culture must
therefore be consistent with the parent term organisational culture. Establishing a link
between safety culture and safety of construction operations requires an
understanding of the characteristics of safety culture. Such characteristics must be
consistent with the definition and key attributes of organisational culture. No attempt
will be made to distinguish between safety culture and safety climate in this paper.
Many authors use the term safety climate and safety culture interchangeably, for
example Wu, et at (2010), and Rollenhagen (2010). However, it should be noted that
safety climate is now accepted as a surface expression of a safety culture.

Wu, et al (2010) using a stepwise regression model analysed the influence of higher
level managers (employers), mid-level or operations managers and safety
professionals on various factors that shape safety culture. They found that four safety
leadership factors significantly affect safety culture. These are safety caring by
employers, safety informing by operations managers, safety co-ordination and safety
regulation by safety professionals. Of these four predictive factors, safety informing
had the most significant effect on safety culture.

Safety caring refers to a paternalistic style or approach to safety management,
achieving consensus in working practice, showing respect and trust for employees,
showing care about employees’ needs and empathy with their problems. Safety
informing includes three aspects: safety monitoring, safety dissemination, and safety
representing. Safety monitoring means collecting relevant safety information through
a monitoring system. It is vital that this information is then continuously circulated so
that employees receive important updates. Safety committees improve safety culture
by enabling communication between management, safety representatives, safety
professionals and employees. Safety co-ordination refers to safety policy
development, safety information management, and safety communication.
Organisations with positive safety cultures are characterised by open channels of both
formal and informal communication up and down the organisation structure. Safety
regulation involves safety inspections, safety audits, and safety incentive systems.
Their research implies that certain role behaviours demonstrated by senior managers,
operating managers and safety professional can significantly shape or change safety
culture (Wu, et al, 2010). However, the authors acknowledge that this change cannot
be achieved at a stroke.

Although it has been commonly argued that many problems associated with risk and
safety can be addressed from a human and organisational perspective, Rollenhagen
(2010) cautions against focussing on safety culture and not rethinking design of



technology in the pursuit of solutions to safety problems. He argues that the concept
of safety culture, if misused, could lead to adoption of non-effective change
strategies. He therefore advocates adopting a balanced safety management approach
recognising that safety is a dynamic property that arises from interactions with
components and sub-components of people, technology and various institutional
arrangements.

One question in the safety culture debate is whether safety climate or culture in an
organisation can be considered as an important indicator of safety performance in
construction. This question was raised by Wamuziri (2007) who called for research to
evaluate whether this is indeed valid from a scientific point of view with specific
reference to the construction sector. At the same time, Guldenmund (2007) reviewed
a considerable amount of previous research and concludes that there are a large
number of factors (dimensions, scales, and facets) that make up the safety climate
concept and that safety climate and safety performance are weakly correlated at best.
This is in agreement with Clarke (2006) who concludes following a meta-analytic
review that it is unlikely that a strong relationship exists between safety climate and
measures of safety performance. Choudhry et al (2007) suggest that although
development of a positive safety culture can be an effective tool for improving safety,
measurement of safety performance remains problematic. Indicators such as accident
rates or compensation costs are lagging indicators and measure system failure rather
than its success. A multi-instrument approach involving leading or upstream
proactive approaches such as hazard identification and observation of percent safe
behaviour is suggested. Further research into that the measurement of safety
performance is recommended for the benefit of industry.

Further questions can be posed from an organisational perspective are: Can safety
culture be managed or controlled and changed? Can safety culture be measured? On
the first question, Haukelid (2008) argues that it is possible to change a culture, but it
takes a long time. However, because culture is something more fundamental and
lasting, it is something that is difficult to manipulate or control. Cultural content is
seldom if ever static. Finally, culture changes over time, no matter what managers or
employees think or do. On the question of measurement of safety culture, Haukelid
(2008) concludes that it is necessary to invoke more than one methodological angle
(triangulation). The answer to measurement of safety culture is thick descriptions and
the favoured method for this is ethnographic fieldwork. Fieldwork and participant
observation are especially important to map out tact knowledge, basic assumptions
and the deeper levels of any given culture. Questionnaires and interviews are seldom
sufficient to reach this level of cultural expression. Despite this note of caution, there
is recent research aimed at developing questionnaire-based measurement methods of
safety culture and climate, for example, Hahn and Murphy (2008) and Diaz-Cabrera, et
al (2007).

Several authors are in agreement with a multi-dimensional or triangulated approach to
measurement of safety culture. For example, Grote and Kiinzler, (2000) opine that
assessing safety culture requires undertaking long-term and in-depth studies of the
social system using a range of qualitative methods like narrative interviews,
participatory observation and analysis of company documents. However, they defend
the use of questionnaires in addition arguing that their use helps to gain organisational
members’ views from different occupations, departments, and hierarchical levels on



the factual characteristics of the company, and perceptions regarding operational
safety, safety and design strategies in order to gain a deeper understanding of safety
management and safety culture in a company. However, Guldenmund (2007) is
sceptical about the use of questionnaires to measure safety climate and states that
previous findings from safety climate research using questionnaires might very well
represent general attitudes towards management and its perceived influence on
working conditions rather than an evaluation of the conditions themselves and that it
may not make much sense to correlate general notions about safety management with
safety performance indicators in the form of output variables (behaviour or
accidents). Research by Cooper and Phillips (2004) lends support to this view and
suggests that the hypothesised paths from attitudes and beliefs (i.e. climate
perceptions) to behaviour, to accidents and injuries are weak and not as clear cut as is
often assumed. Safety climate perceptions do not necessarily match actual levels of
safety performance. Therefore industry should focus it primary safety improvement
efforts on changing unsafe situations and conditions as well as people’s safety
behaviour at all organisational levels rather than concentrating on improving people’s
attitudes, beliefs, and perceptions about safety. It is reductions in unsafe behaviours,
unsafe conditions or situations that reduce the opportunity for accidents to occur not
perceptions on how safety is operationalised. This is not to down play the importance
of perceptions about safety climate for improving safety performance. On the
contrary, Cooper and Phillips (2004) recommend that all organisations should
regularly survey their prevailing safety climate to highlight areas where systems and
physical changes are required within an organisation as well as safety-related
behaviours.

O’Connor et al (2011) reviewed several studies that have examined safety climate in
commercial and military aviation. They found that safety climate factors identified in
the aviation safety climate questionnaires are consistent with the literature on safety
climate in non-aviation high reliability organisations. Thus aviation safety climate
tools had some construct validity (the extent to which the questionnaire measures
what it is intended to measure). However, the majority of the studies made no attempt
to establish the discriminate validity (the ability of the tool to differentiate between
organisations or personnel with different levels of safety performance. They
recommended that rather than constructing more aviation safety climate
questionnaires, researchers should focus on establishing the construct and
discriminate validity of existing measures by correlating safety climate with other
metrics of safety performance.

A recent study by Térner and Pousette (2009) identified the following preconditions
and components for high safety standards in construction. They are:

e Project characteristics and nature of the work which sets the limiting
conditions to which safety management must adjust;

e Organisation and structures which includes: project planning, allocation of
roles and responsibilities, procedures and resource allocation;

e Collective values, norms and behaviours which includes climate and culture,
interaction and cooperation;

¢ Individual competence and attitudes which includes knowledge, ability, and
experience characterised by personal engagement, taking personal
responsibility and prioritising safety.



Thus achieving high safety standards in construction involves effective management
of several interactive factors incorporating organisational, group, individual and
technical aspects.

4. RESEARCH AIMS AND METHOD

After nearly three decades of intensive research on the subject, safety culture remains
a fuzzy concept for which there is no unanimously accepted definition. Furthermore,
there is very minimal agreement on its indicators. Nevertheless, Fernandez-Mufiiz et
al, (2007) recommend research into organisational factors that encourage or hinder
the creation of a safety culture and implementation of a safety management system.
This will be invaluable to organisations in defining areas where they need to progress
if they wish to improve their safety performance. Literature on the effectiveness of
such organisationally based intervention measures to improve safety performance
remains sparse. However, a recent study (Hale, et al 2010) reports that although such
change is hard, interventions bringing about constructive dialogue between shop-floor
and line management, providing motivation to line managers and strengthening the
monitoring and learning loops in the safety management system appear to be
successful. The amount of energy and creativity injected by top management and the
safety coordinator (safety professional) appear also to be a distinguishing factor.
Training and publicity are at best necessary but were found not be sufficient
requirements for improvement.

The overall aim of this study is to evaluate the factors that contribute to positive and
negative safety cultures in construction organisations. This was achieved by
interviewing six senior safety/project managers from construction companies that
exhibit strong safety cultures. Safety managers operating at a senior level in
construction organisations were considered best placed to provide descriptions of the
real world with respect to interpretation and meaning of safety culture. The objective
of this work was to determine what works for them. Characteristics of the
interviewees are as follows:

e Interviewee one: A project manager with over 10 years experience in
construction project management in one of the world’s largest construction
companies with offices across Australia, the UK, Germany, India, South
East Asia and the United Arab Emirates. The company is 100 per cent
privately owned, with approximately 36,000 employees’ worldwide and gross
revenues in excess of US $11 billion a year. The project manager also oversees
site safety throughout the group.

e Interviewee two: A site manager in a UK-based construction company with
origin stretching back as far as 1874. The company has a large network of
offices covering England, Scotland and Wales and projects in the education,
retail, mixed use development, health, office, leisure and law order sectors.

e Interviewee three: The divisional project manager with 20 years experience in
a UK leading construction company into building construction and
refurbishment with offices spreading throughout the U.K.

e Interviewee four: A Health and Safety Manager of a civil and construction
engineering company involved in high value projects such as house building,
leisure management and retail. The Company has completed in excess of 60



projects for the retail sector, ranging from renovations to new-build
superstores.

e Interviewee five: A director with over 10 years experience in design and
construction project management and supervision in a construction company
based in Scotland with expertise in design and construction of commercial and
industrial facilities ranging in value from £50,000 to £5m. The company
employs over 2000 people.

e Interviewee six: The head of health and safety, quality and environmental
department in a multidisciplinary Scottish construction company providing
services to the private, public, corporate, retail, leisure, health, education and
industrial sectors.

5. ANALYSIS AND DISCUSSION OF RESULTS

Perception of the safety culture approach to improving safety performance

In recent years there has been a shift from technological and management system
approaches for enhancing health and safety performance in organisations to
understanding human attitudes, norms, beliefs and psychological factors that
contribute to accidents and health and safety failures. Opinion was sought on the
effectiveness of this new approach to enhancing safety performance in organisations.

All the interviewees agreed on the need to better understand the factors that influence
employee safety behaviours and attitudes as most accidents or safety failures on
construction sites have been attributed to unsafe behaviours employees’ exhibit on
site which sometimes is times is not explainable.

Interviewee two estimated that 80% of workplace accidents are as the result of unsafe
acts, not unsafe conditions. He stressed that although safe procedures could be made
available, some individuals are sometimes overconfident and daring to the extent that
their actions result in accidents. ‘If unsafe attitudes can be pre-empted and corrected

it is likely that most accidents on site could have avoided’.

Interviewee three noted that the effectiveness of a cultural approach to safety
improvement can be achieved from shared norms and values about safety that
permeates an organisation. He stressed that where a safety culture exists, thinking
about safety and prioritizing safety permeates all the organisational levels such that
there is a consensus on safety and how it should be managed from top management to
blue collar levels. ‘People at all levels are involved in safety and take responsibility
for safety, such that there is a rich communication concerning safety issues’.

Interviewee six concurred that successful development of a safety culture in
organisations can help realize immediate and tangible results in reducing workplace
accidents and their associated costs, including decreased productivity, employee
morale and increased hiring and training costs.

Overall there was a general consensus on the need to better understand behavioural
and attitudinal factor that affect construction safety.



Relationship between safety culture and safety performance

Many organisations use records of their health and safety performance as an
indication of the effectiveness of their health and safety management and systems.
Opinion was sought on whether lagging indicators of health and safety performance
can be taken as good indicators of the health and safety culture within an
organisation.

Interviewee two asserted that the link between safety culture and performance is a
complex one, he indicated that the link has no simple and direct correlation, stressing
that the culture contributes significantly to the performance, while p