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ABSTRACT

The highway construction sector in the United States accounts for an injury rate that is
approximately one and a half times greater than the industry-wide average and nearly ten times
greater than the all-industry average. According to literature, this exceptionally high injury rate is
due to the prevalence of night time work, high speed traffic near work zones, highly repetitive work
tasks, and poor safety management. In their role as funding agencies and employers, State
Departments of Transportation (DOTs) are in a unique position to promote and enforce safe work
practices for highway construction and maintenance. The study from which this paper is written
aimed: (i) to identify safety management strategies implemented by DOTs; (ii) to distinguish
between the strategies implemented to manage DOT employees and those designed to manage
private firms; (iii) and to identify potential areas of improvement. These objectives were achieved
by conducting an online survey of members of the American Association of State Highway and
Transportation Officials (AASHTO) Subcommittees on Construction and Safety Management, both
with at least one representative from each DOT. While the results indicate that most state DOTs
have a well-established safety management program for their own employees, few strategies are
implemented to promote and enforce safe work practices on sites managed by private construction
firms. State DOTs could help to improve worksite safety by including contract provisions that
require private contractors to implement specific safety program elements, pre-qualifying
contractors with superior safety records, and actively participating in contractor's safety
management activities.

Keywords: State Departments of Transport, Highway construction, Safety management
requirements, Contractor management

INTRODUCTION

It is no secret that the construction industry accounts for a disproportionate injury rate. Within the
construction industry, the highway construction sector is particularly dangerous. According to the
National Safety Council (2008), the US highway construction sector accounts for an injury rate that
is approximately one and a half times greater than the industry-wide average and nearly ten times
greater than the all-industry average. The Federal Highway Administration (FHWA 2004) estimates
that a work zone fatality occurs once every ten hours and a work zone injury occurs every thirteen
minutes. Furthermore, the estimated direct cost of highway construction zone accidents was $6.2
billion per year between 1995 and 1997 with an average cost of $3687 per accident (Mohan and
Gautam 2002).

Highway work zone safety has been a high-priority issue among both traffic engineering
professionals and government officials over the past decade. In 1998, congress provided over
$200 billion dollars for transportation-related programs by passing the Transportation Equity Act for
the 21% Century (TEA-21). This Act and associated funding focused on increasing the volume of
highway improvement projects and improving worker and passenger safety. Also in 1998, the
National Work Zone Safety Information Clearinghouse was created to improve safety in highway
work zones. Despite these efforts, the frequency of work zone injuries and fatalities has steadily
increased between 1992 and 2000 while the volume of construction work remained relatively



constant (BLS 2007). This fact illustrates the importance of management strategies that improve
work conditions on highway projects.

State Departments of Transportation (DOTs) play an important role in affecting work zone safety.
First, states tend to self-perform the majority of highway maintenance work employing thousands
of workers and maintenance managers. While small in physical size, maintenance worksites
involve a high risk of injury for workers with incident rates as high as 10.60 recordable injuries per
200,000 worker-hours. Second, state DOTs serve as Owner agencies that fund billions of dollars of
transportation projects each year. In this role, DOTs are in a position to require private construction
firms to implement a comprehensive safety program on publically-funded highway projects.

This paper presents a study of US State DOTs’ safety practices. Using a survey of state DOTSs, this
study aimed to identify safety management strategies implemented by DOTs; to identify any
relationships between specific safety program elements and DOT safety performance; and to
suggest potential areas for improvement.

BACKGROUND

A Bureau of Labor Statistics (2007) survey of fatal injuries occurring within American highway work
zones found that, among 492 work zone fatalities, the leading occupations affected were
construction laborers (42%), truck drivers (9%), construction trades supervisors (8%), and
operating engineers (8%). In addition to risks associated with specific professions and work tasks,
there are characteristics associated with work zones that contribute to the highway sector’s
disproportionate injury rate such as night-time work, use of heavy mobile equipment, and
incursions. The following is a review of literature that discusses the impact of these characteristics
on work zone safety and the management techniques recommended for mitigating the safety risks.

Night-time work

As state DOTs continue to repair America’s progressively failing transportation infrastructure,
roadways must be renewed quickly with minimum disruption to the community. Such work requires
the use of specific strategies such as night time work, continuous work, extended shifts, to
compress schedules. Night-time highway construction and maintenance is significantly more
hazardous for workers because of decreased visibility, an increase in drivers impaired by drugs
and alcohol, fatigue, and age-related vision impairments (Arditi et al. 2005). According to this
study, the factors that most contribute the night-time fatalities on highway construction and
maintenance sites include poor lighting conditions (43%), unfavorable weather conditions (8%),
poor performance of safety garments (7%), workers not wearing safety garments (14%), conditions
of vehicle operator (64%), and other causes (32%).

Heavy mobile equipment

The majority of fatal injuries on road construction sites have been attributed to vehicle- and mobile
heavy equipment-related incidents. An analysis of 240 incidents involving serious injuries to
workers on highway and bridge construction projects in New York State confirms that highway
workers are at risk of severe nonfatal injuries from being struck by construction equipment (Bryden
and Andrew 1999).

Incursions

Incursions, defined as the entries of a private passenger vehicle into an active work sites, are
becoming a much larger problem as more highway construction work is performed on active
roadways. The Indiana Department of Transportation (2008) found that the U.S. has over 40,000
work zone crash injuries each year. According to Harb et al. (2008), between 1999 and 2008, work
zone related crashes have increased 334%.

Mitigating safety risk

To respond to the highway construction and maintenance safety risks, several studies have been
performed that focus on identifying strategies that mitigate work zone safety risk. For example, the
National Institute for Occupational Safety and Health (NIOSH) conducted a study that involved a
three-day workshop that brought together sixty stakeholders from government agencies, labor



unions, and private employers to discuss measures to reduce the rate of injuries in highway
workzones. The resulting document includes preventative measures to help protect highway
workers from hazards posed by construction and traffic vehicles and is considered the most
definitive guide to highway work zone safety (NIOSH 2001).

NIOSH (2001) suggests that road builders and maintainers adopt the following strategies to
prevent work zone accidents:

e Assign a traffic control supervisor who is knowledgeable in traffic control principles and who
will assume overall responsibility for the safety of the work zone setup;

e Set up temporary traffic control devices, such as signage, warning devices, paddles, and
concrete barriers in a consistent manner throughout the work zone to provide passing
motorists with advanced warning of upcoming work zones;

e Educate flaggers in topics such as traffic flow, work zone setup, and proper placement of
channelizing devices; and

e Require all workers on foot to wear high-visibility safety apparel

The above strategies are suggested to be performed in addition to a comprehensive safety
management program. Safety studies of the general construction industry have identified the most
effective safety program elements for mitigating safety risk (Jaselskis et al.,1996; Hinze, 2006;
Hallowell 2008; Molenaar 2009). These studies agree that the safety program elements identified
and described in Table 1 constitute an effective safety program. While these elements vary in their
effectiveness, each is essential to the development of a synergistic safety program. The
descriptions provided in Table 1 are based upon the large body of literature on the topic of
construction injury prevention.

STUDY OBJECTIVES

This study departs from the established body of knowledge by describing the results of a study that
aimed to benchmark the current level of safety management efforts implemented by state DOTs
and to statistically evaluate the effectiveness of these efforts. This knowledge is expected to
provide context for researchers who aim to improve safety management for highway maintenance
and construction. Based on the relatively high injury rate and previous literature, the writers
expected that state DOTs lag behind private industry in their level of safety management despite
their unique position to improve safety and health for their employees and contractors.

Table 1 — Essential construction safety program elements

Demonstrated commitment of upper managers to worker safety including
Upper Management S . . . .
1 participation in regular safety meetings, serving on committees, and
Support . .
providing funding for safety
> Subcontractor Consideration of safety and health performance during the selection of
Selection & Mgt subcontractors
3 Employee Involvement | A means of including all employees in the formulation and execution of
and Evaluation other program elements
Job Hazard Analyses & | A process of reviewing the activities associated with a construction
4 Hazard process and identifying potential hazardous exposures that may lead to an
Communication injury
5 Training & Regular The establishment and communication of project-specific safety goals,
Safety Meetings plans, and policies before the construction phase begins
Frequent Worksite Inspeqtlons performed llnternally by a contr’ac_tors safety manager, safety
6 . committee, representative of the contractor’s insurance provider, or by an
Inspections .
OSHA or private consultant
7 | safety Manager on Site Employment of a full-time safety and health professional with the sole
y 9 responsibility of promoting construction safety and health within the firm
Substance Abuse A formally established program that targets the identification and
8 prevention of substance abuse within the workforce through regular for all
Programs : : L o
new hires, after occupational injuries, and periodic random tests




Safety and Health A formal group composed of supervisors, laborers, representatives of key

9 Committees subcontractors, owner representatives, OSHA consultants, etc. formed
with the sole purpose of addressing safety and health on the worksite
Orientation and training of all new hires (including skilled and experienced
Safety and Health ) X -
10 workers) by informing them of company safety goals, policies, programs

Orientation
and resources

The documentation of project-specific safety and health objectives, goals,

11 | Written Safety Plan and methods for achieving safety success.

Record Keeping and The documentation and reporting the specifics of all accidents including
12 : . . . . : s o
Accident Analysis information such as time, location, work-site conditions, and cause
13 Emergency Response | The creation of a plan in the case of a serious incident such as a fatality or
Planning an incident involving multiple serious injuries.

RESEARCH METHODS

Following the typical framework of any postpositivism knowledge claim, the principal strategy of
inquiry was a survey. The survey data were supplemented with information obtained through
interviews when necessary and appropriate. The specific structure of the survey and purpose for
supplementary research methods are discussed below.

Survey design

A survey was selected as the primary research method because it was the most feasible means of
gathering vast quantities of information in a limited timeframe and because it is the suggested
research method for studies that aim to identify specific organizational characteristics or practices
(Yin 2001). The purpose of this survey was to determine the state of practice among state DOTs
regarding internal safety management of construction and maintenance employees. The survey
included twenty-nine questions that focused on the demographics of the respondent,
demographics of the state DOT that they represented, and the degree of implementation of the
thirteen safety management strategies in Table 1.

This survey was directed towards the complete population of state DOTs to ensure optimal
external validity. Fortunately, highway construction and maintenance experts are conveniently
assembled as the American Association of Highway and Transportation Officials’ (AASHTO)
Subcommittee on Safety Management. This committee includes at least one representative from
every state DOT who is knowledgeable about safety management activities for their state. To
expedite the distribution and collection, the survey was posted online and circulated via hyperlink in
an email sent to each member of the Committee.

The first section of the survey focused on defining the demographics of the respondents and the
state DOT that they represented. Questions inquired about the respondent’s experience in the
highway construction industry, job title, and role with respect to safety. Respondents were also
asked to answer questions related to their DOT’s construction and maintenance budget, worker
injury/iliness rates, and percentage of construction and maintenance work self-performed.

The second section aimed to benchmark the current level of safety management implemented by
DOTs to reduce the rate of injuries of their employees. Specifically, questions were designed to
assess level of implementation of the thirteen safety program elements in Table 1. For each safety
program element, the respondent was asked to indicate which of the following categories best
describes the level of implementation: (1) implemented consistently on all projects (agency-wide);
(2) specifically designed for and implemented on some sites; (3) specifically designed and
implemented on most sites; (4) specifically designed for and implemented on all sites; or (5) rarely
or not implemented. To maintain consistency and to ensure that all respondents understood the
definition of the safety program elements, a link to a webpage that included the descriptions was
provided. Finally, the third section included an open-ended question that inquired about specific
safety-related contractual requirements for private contractors set forth by the DOT.

Because some respondents were unable to answer all survey questions, supplementary interviews
were conducted. Since respondents had the most difficulty quantifying the injury rate and budget



information for their state, personnel with senior management positions or individuals charged with
the responsibility for maintaining statistical databases were contacted. Contact information was
provided by the survey respondents.

RESULTS

The response to the survey was very strong and the respondents were well qualified. In total, a
complete response was obtained by representatives from 32 of the 50 state DOTs (response rate
= 64%). The respondents were surprisingly well qualified averaging over 18 years of experience in
the highway construction industry. In addition, all respondents were either safety specialists or
construction engineers with extensive safety training. Figure 1 presents the distribution of
experience of the respondents.
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Figure 1: Histogram of Respondents’ Experience in the Highway Construction Industry

The demographics of the 32 state DOTs varied greatly. For example, incident rates ranged from a
low of 3.1 recordable injuries per 200,000 worker-hours in Florida to over 10 recordable injuries per
200,000 worker-hours in Oregon and Colorado. It was surprising that the range was so great given
the the fact that the OSHA definition of a recordable injury has been adopted by each state. Not
suprisiingly, however, the operating budget for the DOTs varied greatly as well ranging from under
$100 million to over $2 billion. However, while the total budget for the DOTSs varied greatly, almost
all DOTs allocated approximately 25 percent of the budget for maintenance and 75 percent for new
construction. Figure 2 illustrates the distribution of construction and maintenance budgets for the
32 responding state DOTs.
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Figure 2: Histogram of 2007 DOT New Construction and Maintenance Budgets

Table 2 presents the salient results of the survey. This table includes a summary of the responses
to the closed-ended questions about safety program element implementation. For easy
comparison, the incident rate for each DOT is provided along with their safety program information
in this table. One will note that five states could not report their incident rate (AK, DE, NY, PA, and
VT) but provided complete information about their safety program. These states are included in this
presentation of results but were not included in the subsequent analysis. The element numbers in
Table 2 correspond to the numbers associated with each element in Table 1.

As one can see from the summary, implementation is equivocal among DOTs. This reflects the
lack of integration, knowledge sharing, or consistency among the 32 state DOTs surveyed. While
the data appear to be scattered, a comparison of the top 25th percentile of incident rates and 75th
percentile reveal several trends. First, the majority of high-performing states implement the maijority
of their elements agency-wide with a standardized procedure throughout the state while DOTs with
a poor safety record tend to have more project-specific elements and elements that are not
implemented. Further analysis of the results is provided in the subsequent section of this paper.

The final section of the survey fcoused on determining what, if any, safety requirements of private
firms are included in DOT contracts. The response was surprising in that 26 of the 32 responding
states indicated that they do not require specific safety efforts as a part of their contracts. For the
six states that did include safety requirments, respondents indicated that the requirement of a
written safety plan (4), an emergency response plan (3), and a safety manager (2) were most
commonly-included in contracts. One should note that the respondents did indicate that for some
large contracts some additional safety requirements may be included. However, these requirments
are not standard and are largely project-specific.



Table 2: Safety Element Implementation

Safety Program Element

Incident
State Rate

AK -

DE --

NY -

PA -

VT -

OR 10.6 |

CcCO 10.0

AK 8.2

MN 8.0

NC 7.1

WI 6.9

IL 6.7

KT 6.6 .

HI 6.5
WY 6.4

Ml 6.2

KS 6.1

ID 6.0

AZ 5.9

MT 5.9

VA 5.9

GA 5.6

ME 5.5 | e |
Wy 5.4
NM 5.3 \
CA 5.0 \
MD 4.6 PS-M
ND 4.4

NJ 43

TX 4.1

uT 3.9

FL 3.1

Legend

PS-M Project-Specific (Most)
PS-A Project-Specific (All
ANALYSIS

The data obtained from the survey was used along with risk mitigation ratings assigned to each
safety program element by Hallowell (2008). The objective of this analysis was to draw statistical
conclusions regarding the impact of specific safety program elements on incident rates and
correlations between the nature of the safety program and safety performance. The Analysis of
Variance (ANOVA) test and multiple linear regression analysis were used to analyze these data
using the Statistical Package for the Social Sciences (SPSS). The use of ANOVA and linear
regression was appropriate for this data set because the independence, equal variance, and
normal distribution requirements were met. The samples were deemed to be independent as the
incident rates had no possible impact on one another or on the level of implementation of safety
program elements. Secondly, Levene’s test for equal variance was used to detect and statistically
significant differences among sample variance. All of the significance values for Levene’s Test far
exceeded 0.05 except for that of element #11 (Safety Manager on Site), which yielded a value of
0.04. Finally, histograms of each variable were created and a roughly normal distribution was
observed with no outliers.




The second set of tests was performed to assess the potential impact of maintenance budget on
safety performance. While a linear regression analysis did not return statistically significant results,
a two-sample t-test for a difference between incident rates between the states with the ten highest
incident rates and those with the ten lowest incident rates showed that, on average, states with a
low incident rate had a maintenance budget that was $181 million (56%) higher than those with a
high incident rate (p=0.03).

The final analysis for this study involved using linear regression to determine if a relationship exists
between implementation of elements and incident rates using risk mitigation ratings published by
Hallowell (2008). These risk mitigation ratings represent the best known distinction of effectiveness
among construction safety program elements. For this analysis, the writers chose to include the
risk mitigation rating for an element in the overall ‘safety implementation effort’ score if the element
was implemented in any of the categories in Table 2 except ‘very rare’. The scores were not
included if the respondents indicated that the element was very rarely implemented. Unfortunately,
there was no statistical correlation of significance (R-squared = 0.20).

It should be noted that there are some obvious discrepancies in Table 2. For example, Oregon, the
worst performing state DOT, implements the vast majority of their safety program elements state
wide. This is also true for other states with a poor safety record such as Colorado, Wisconsin, and
North Carolina. This is counterintuitive because most literature supports the assertion that
company-wide policies promote the standardization of safe work practices (Hinze 2006). It should
also be noted that there are few discernable trends in Table 2 and that there is no consistency
within or among state DOTs in their safety management practices. In fact, the only observable
trend in Table 2 is that poor performing state DOTs implement project-specific elements only on
some projects.

LIMITATIONS

There are several limitations of this study that should be noted. First, the survey methodology
utilized self-reported data. While each state utilizes similar benchmarking and metrics, self-
reporting may have involves substantial bias. This study has relatively poor internal validity, as the
effect of the chosen independent variables cannot be completely isolated from other plausible
factors. Confounding factors may help explain the lack of statistically significant differences and
correlations. Finally, the study does not distinguish the relative impact of the various
implementation schemes shown in the legend in Table 2.

CONCLUSIONS AND RECOMMENDATIONS

The purpose of this paper was to determine the state of practice for state departments of
transportation with regards to construction safety. Surveys were collected from safety and
construction professionals from 32 of the 50 state DOTs. Demographic information was acquired
from the surveys for these DOTs, including data for annual budgets, safety department sizes,
injury/iliness rates, performance types of construction and maintenance work, and personal
credentials for the respondents. Upon examining the survey results, it was found that most safety
program elements were implemented at a company-wide level, accounting for 61% of all
responses. The few exceptions of elements were worksite inspections and substance abuse
programs, which were more commonly implemented on a project-specific level, and subcontractor
selection and management, which were most often not implemented at all. This trend was steady
across all states except Alaska, Delaware, Georgia, Kentucky, and Pennsylvania, that
implemented a majority of their programs at a project-specific level. Furthermore, there is no
consistency within or among state DOTs in their safety management practices. The authors
recommend that state DOTs attempt to open lines of communication with regard to safety through
formal forums such as the AASHTO Subcommittee on Safety, the American Society of Safety
Engineers’ Construction Practice Specialty, or the American Society of Civil Engineers’ Site Safety
Committee.



In an attempt to establish statistical relationships between incident rates and demographic or
elements implementation data, two types of analysis were performed. These analyses included
ANOVA tests for impact of safety program elements on incident rate and multiple linear regression
to determine the impact and interrelationships among elements. No statistically significant results
were achieved through any of these tests.

Qualitative data obtained through the survey proved to be most useful. For example, the
benchmarking of current levels of implementation will aid researchers with continuing
investigations of DOT safety management strategies as it provides the first baseline assessment of
current practices. Secondly, the feedback from respondents that DOTs do not include safety-
related requirements in their contracts indicates that there is great potential for DOTs to serve as
model Owner agencies and take an active role in reducing the extraordinarily high injury rate on
highway work zones. The authors suggest that DOTs utilize the findings presented by Huang and
Hinze (2006). This study outlines the various ways that Owners can have a positive impact on site
safety.

The writers suggest future research in this area that takes an in-depth look at the safety practices
of DOTs with low incident rates. The writers believe that the lack of knowledge sharing among
DOTs with respect to safety may be counteracted by strong case study research and
dissemination of results.
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THE COORDINATION OF HEALTH AND SAFETY (H&S) AND THE
INTEGRATION OF H&S INTO PROJECTS AND THE CONSTRUCTION
PROCESS

Prof John Smallwood, Nelson Mandela Metropolitan University

ABSTRACT

Historically, cost, quality, and time have constituted the traditional project parameters, and health
and safety (H&S) has been perceived as the contractor’s responsibility. However, enabling
environment H&S legislation promulgated in South Africa has realised client and designer
responsibility for H&S, and to a lesser extent, responsibility on the part of project managers and
quantity surveyors.

There are two key issues, namely the extent to which H&S is integrated into projects, and,
secondly, into the construction process. The former requires multi-stakeholder contributions, and
the latter is site focused.

A survey was conducted among a group of ‘better practice H&S’ general contractors (GCs), the
objectives being to determine: (i) the importance of the various project parameters to the South
African construction industry; (ii) the performance of the South African construction industry in
terms of various aspects / issues at project level and during the construction process, and (iii) the
perceptions of respondents relative to various aspects / issues at project level and during the
construction process.

Selected findings are: (i) cost, quality, and time are more important than H&S; (ii) design and
construction are not integrated in terms of H&S; (iii) client appointed H&S agents are perceived to
lack the requisite generic and H&S competencies; (iv) non-contracting stakeholders are perceived
to lack the requisite H&S competencies; (v) stakeholders are not pre-qualified in terms of H&S, and
(vi) H&S is integrated into site management, the construction process, and activities.

The paper concludes that the coordination of H&S and the integration of H&S into projects and the
construction process are not effective. Recommendations include the inclusion of a project H&S
coordinator to be responsible for the coordination and integration of H&S at project level and during
the construction process in legislation.

Keywords: Health and safety, Coordination, Integration, Construction

INTRODUCTION

Lingard and Rowlinson (2005) contend that the way the construction industry is organised does not
promote the development or implementation of ways to eliminate hazards or reduce risks to the
H&S of workers to an acceptably low level. Design and construction are separated in general, but
also in terms of H&S. Furthermore, design is executed by a range of designers, and
subcontracting is pervasive, resulting in a range of contributors. Construction H&S competencies
are also necessary to enable the various stakeholders to contribute to construction H&S.

Given the aforementioned, a pilot study was conducted, the two broad objectives being to
determine the extent to which H&S is integrated into projects, and secondly into the construction
process.



REVIEW OF THE LITERATURE
Project parameters

Hinze (2006) states that whenever a contract is entered into, cost, quality, and time are invariably
included, or for that specifically, in that the project must be completed within a stated time, to the
requisite quality standards, and for a specific sum of money.

A study conducted by Smallwood and Haupt (2006) required respondents to indicate the
importance of five project parameters on a scale of 1 (not) to 5 (very), which enabled the
computation of a mean score ranging between 1 and 5. The sample stratum consisted of member
practices of the Association of Construction Project Managers (ACPM), Association of South
African Quantity Surveyors (ASAQS), South African Association of Consulting Engineers (SAACE),
and the South African Institute of Architects (SAIA), and a group of ‘better practice H&S’ general
contractors (GCs) who had achieved a first, second or third place in the Building Industries
Federation South Africa (BIFSA) national Health and Safety (H&S) competition during the years
1995 to 2004 inclusive. Based upon 300 responses, Table 1 indicates that in terms of the mean
and each of the respective organisations, the traditional project parameters of cost, quality, and
time were ranked within the top three.

Table 1: Degree of importance of various parameters to respondents’ organizations (Smallwood
and Haupt, 2006)

ACPM ASAQS SAACE SAIA Contractors Mean
Parameter Mean Rank Mean Rank Mean Rank Mean Rank Mean Rank Mean | Rank

score score score score score score
Project cost 4.63 2 4.74 1 4.42 2 4.39 2 4.89 1= 4.61 1
Project quality | 4.37 3 4.15 3 4.64 1 4.64 1 478 3 4.52 2
Project time 4.68 1 4.41 2 4.29 3 4.25 3 4.89 1= 4.50 3
Project H&S 395 |4 365 |4 397 |4 3.43 5 4.33 4 387 |4
Environment 3.42 5 3.32 5 3.76 5 4.01 4 3.56 5 3.61 5

Interventions and competencies

In terms of the South African Construction Regulations, clients are required to undertake a range of
actions, inter alia, appoint a principal contractor (PC) that is competent and has the resources.
However, clients may appoint an agent in terms of the responsibilities, but the agent must be
competent and have the resources (Republic of South Africa, 2003).

In terms of the Construction Regulations the definition of designers includes architects, engineers,
and quantity surveyors, the rationale for the inclusion of the latter being that they specify inter alia,
materials. The Construction Regulations require designers to: make available all relevant
information about the design such as the soil investigation report; design loadings of the structure,
and methods and sequence of construction; inform principal contractors of any known or
anticipated dangers or hazards or special measures required for the safe execution of the works,
and modify the design or make use of substitute materials where the design necessitates the use
of dangerous structural or other procedures or materials hazardous to H&S.

These requirements in turn require that designers inter alia, conduct hazard identification and risk
assessments (HIRAs). However, a pre-requisite is that they possess construction H&S
competencies. Furthermore, the requirements imply that the client must ensure that the designers
and contractors they appoint have the requisite competencies and resources.

In terms of the Construction Regulations (Republic of South Africa, 2003) principal contractors are
required to: conduct risk assessments.



Pre-qualification

Levitt and Samelson (1993) advocate that H&S be included as a criterion for contractors and
subcontractors to pre-qualify to bid on projects. They state that experience indicates that pre-
qualifying and / or selecting contractors and subcontractors, in part, or on their expected H&S
performance will help to decrease accidents.

Commitment / Integration

Levitt and Samelson (1993) state that in order for projects to achieve excellent H&S records the
site managers must be committed and include H&S as an important goal by their own presence
and example. They have to demonstrate how important H&S is to them such that their staff and
workers take H&S seriously and integrate it into their everyday activities. They further state that
the integration of H&S into all job activities is one of the fundamental tenets of healthy and safe,
productive, quality project performance.

Site H&S personnel

According to Hinze (2006, citing Eich 1996), a study conducted among the 400 largest contractors
in the USA determined that the contractors with the better H&S records had a standard practice of
employing at least one full-time H&S representative on their sites. The South African Construction
Regulations require the appointment of a part-time or full-time H&S Officer to assist in the control
of all H&S aspects on a site. The South African Occupational Health and Safety Act requires that
where there are twenty or more employees in a work place an H&S Representative must be
appointed, and thereafter one for every additional fifty employees. Given that such a
Representative must be a full-time employee elected from the workforce, the requirement has the
intended effect of integrating H&S into the work place.

Coordination

Hinze (2006) emphasises the importance of coordination on site due to the number of
subcontractors (SCs) involved. However, during research conducted on 24 high-rise projects in
Canada (Hinze, 2006 citing Raboud, 1986) determined that the general contractors (GCs) with the
better rated ability to coordinate construction activities had the better H&S records. A further study
conducted on 57 large commercial and industrial projects in the United States of America (USA)
determined that SCs working on the projects of GCs that were rated excellent in terms of
coordination ability had better H&S performance than SCs working on the projects of GCs that
were rated average in terms of coordination ability (Hinze, 2006 citing Hinze and Talley, 1988).

The Construction (Design and Management) Regulations 2007 (Health & Safety Commission,
2007) require the appointment of a CDM Coordinator. This requirement supercedes the
appointment of a Planning Supervisor as previously required. The role of the CDM Coordinator is
to provide the client with key project advice in respect of construction H&S matters. The CDM
Coordinator should: assist the client in terms of appointing competent designers and contractors
and the adequacy of management arrangements; ensure proper coordination of the H&S aspects
of the design process; identify and collect the necessary pre-construction information and provide
same to the designers and contractors; facilitate sound communication and cooperation between
the project team members; manage the flow of H&S information between the client, designers, and
contractors; advise the client regarding the suitability of the initial construction phase plan, and
prepare the H&S file. The South African Construction Regulations do not require similar actions of
Client Appointed H&S Agents, in particular, the coordination of the H&S aspects of the design
process, and managing the flow of H&S information between the client, designers, and contractors.



Barriers to improvement of H&S

Lingard and Rowlinson (2005) contend that the traditional separation of design and construction
functions can seriously limit the identification of innovative solutions to H&S problems at the design
stage of a project. The reason being, that decisions made during the design stages of a project
impact on the H&S of workers that have to execute the design. Furthermore, it is widely accepted
that eliminating a hazard at source or reducing risks to an acceptable level through engineering or
design solutions, are the most effective. Therefore, the integration of design and construction is a
critical aspect in terms of achieving optimum H&S.

Competitive tendering constitutes a further barrier as it results in pressure on tenderers to keep
their bids low, to increase the likelihood of being awarded the work. Such pressure can discourage
tenderers from making an optimum allowance for H&S (Lingard & Rowlinson, 2005).

Subcontracting has also been cited as a factor contributing to the poor H&S performance of the
industry (Lingard & Rowlinson, 2005). Subcontractor (SC) employees may not be familiar with
H&S rules and healthy and safe systems of work. Furthermore, one SC’s work might give rise to
risks to another SC. Research conducted in the USA determined that the H&S performance of
SCs is directly influenced by the number of SCs employed on the projects, the less SCs working
on a project, the lower their relative reportable injury rate (Hinze, 2006 citing Hinze and Talley,
1988).

Emphasis on contractual relationships is a further factor identified by Lingard and Rowlinson
(2005), the issue being that such emphasis detracts from communication. They cite Glenda and
McKenna (1995) who contend that restricted communication is often associated with coordination
problems.

RESEARCH
Methodology and sample stratum

Given the objectives of the study it was necessary to select a sample stratum consisting of
contractors, which could be presumed to be committed to and which address H&S, and related
issues, and therefore best able to rate the construction industry relative to H&S. The sample
stratum consisted of 26 GCs, who had achieved first, second, or third positions in the Building
Industries Federation South Africa (BIFSA) / Master Builders South Africa (MBSA) national H&S
competition and, or BIFSA / MBSA 4 or 5-Star H&S gradings on one or more of their projects
during the period 1995 to 2003 inclusive. 10 Responses were received and included in the
analysis of the data, which equates to a response rate of 38.5%.

Findings

Table 2 indicates the importance of five parameters to the South African construction industry
according to respondents in terms of percentage responses to a scale of 1 (not important) to 5
(very important), and a mean score (MS) ranging between 1.00 and 5.00. It is notable that all the
MSs are above the midpoint score of 3.00, which indicates that in general the respondents can be
deemed to perceive the parameters as important to the South African construction industry.
However, a review of the MSs in terms of ranges provides a more detailed perspective:

e MSs > 4.20 < 5.00: between more than important to very important / very important — project
cost and project time;

e MSs > 3.40 < 4.20: between important to more than important / more than important — project
H&S and project quality, and

e MSs > 2.60 < 3.40: between less than important to important / important — environment.



It is notable that two of the three traditional project parameters are ranked first and second, and
that the third, namely quality, is ranked fourth after project H&S.

Table 2: Importance of project parameters to the South African construction industry

NO e Very | Mean

Parameter Unsure y > 3 7 5 score Rank
Project cost 0.0 0.0 0.0 0.0 20.0 80.0 4.80 1
Project time 0.0 0.0 10.0 0.0 30.0 60.0 4.40 2
Project H&S 0.0 0.0 0.0 20.0 50.0 30.0 4.10 3
Project quality 0.0 0.0 0.0 30.0 50.0 20.0 3.90 4
Environment 0.0 0.0 20.0 50.0 0.0 30.0 3.40 5

Table 3 presents the respondents’ rating of various H&S aspects / issues relative to the South
African construction industry in terms of percentage responses to a scale of 1 (very poor) to 5
(very good), and a mean score (MS) ranging between 1.00 and 5.00. It is notable that seventeen
of the thirty (56.7%) MSs are all above the midpoint score of 3.00, which indicates that in general
the respondents can be deemed to rate the South African construction industry more good as
opposed poor.

However, a review of the MSs in terms of ranges provides a more detailed perspective. Firstly, no
aspects / issues fall within the range > 4.20 < 5.00: between good to very good / very good.

Secondly, the first six aspects / issues fall within the range > 3.40 < 4.20: between average to good
/ good. It is notable that ‘coordination of projects at site (construction team) level’ is ranked first as
coordination of the construction process facilitates and complements H&S, due to work being
executed in an integrated manner. The MS of second ranked ‘construction H&S competencies of
Client Appointed H&S Agents’ is an indication that the agents that fulfil the function are perceived
to be competent to a degree. Third ranked ‘integration of H&S into the construction process by
H&S Officers’ is notable as the achievement thereof is ideal, as opposed to H&S Officers merely
reminding participants of the H&S requirements. ‘Coordination of projects at project (client and
design team included) level’ also facilitates and complements H&S as the realisation thereof averts
changes, which in turn may result in out of sequence work on site. The MS of fifth ranked
‘construction hazard identification and risk assessments’ is a requirement of the OH&S Act and the
Construction Regulations. The MS of ‘project management competencies of Client Appointed H&S
Agents’ is a further indication that the agents that fulfil the function are perceived to be competent
to a degree.

Thirdly, the MSs of the aspects / issues ranked seventh to twenty-seventh fall within the range >
2.60 =< 3.40: between poor to average / average.

It is notable that ‘the contribution of the Construction Regulations to the integration of H&S into
projects at site (construction team) level’, ranked seventh, falls within this range as the
promulgation of the Construction Regulations was intended to promote such integration. However,
the MS of 3.33 is at the upper end of the range. H&S management is an integral aspect of site and
construction management, and therefore the MS of 3.33 relative to the ‘integration of H&S into site
management’ is a cause for concern. Ninth ranked ‘status afforded to H&S at site (construction
team) level is also a cause for concern as inadequate H&S primarily impacts on site and the
activities thereon. Given that H&S is an integral aspect of construction, the MS of 3.30 relative to
‘integration of H&S into construction activities’ is also a cause for concern. ‘Pre-qualification of
contractors on H&S competencies’ is ranked eleventh with a MS of 3.22. In terms of the
Construction Regulations competent contractors must be appointed. ‘Integration of design and
construction’ ranked twelfth with a MS of 3.22 is important in terms of H&S as the provision of inter
alia, design and construction method statements as required in terms of the Construction
Regulations, facilitate H&S. The MS of 3.20 thirteenth ranked ‘construction H&S competencies of
project managers’ is notable as project managers coordinate design, integrate design and



construction, and oversee construction, which all contribute to H&S. However, it is important that
they possess construction H&S competencies. Fourteenth ranked ‘design competencies of Client
Appointed H&S Agents’, is an indication that the agents that fulfil the function are perceived to be
not competent to a degree. Fourteenth ranked ‘design competencies of Client Appointed H&S
Agents’ are important as the Construction Regulations require a range of actions by designers, and
clients or their agents in turn, are required to take a range of interventions, many requiring an
interface with designers. Similarly, ‘construction management competencies of Client Appointed
H&S Agents’, ranked fifteenth, are important as H&S is an integral part of construction
management and such competencies are necessary to manage and to fulfil the function of agent.
Sixteenth ranked ‘integration of H&S into the construction process’ is ranked lower than tenth
ranked ‘integration of H&S into construction activities’. Ideally, the former would have been ranked
higher; however, the ranking of the latter is probably attributable to there being more focus on H&S
relative to activities. The MS of seventeenth ranked ‘construction H&S competencies of general
contractors’ is notable as GCs undertake projects and integrate the activities of SCs and are
responsible for H&S on such projects. A similar argument applies to eighteenth ranked ‘H&S
competencies of site management’.

Equally notable is the 2.90 MS of nineteenth ranked ‘site management commitment to H&S’ as
management commitment is critical and is one of the two pillars of construction H&S. ‘Status
afforded to H&S at project (client and design team included) level’ is ranked twentieth with a MS of
2.90. H&S needs to be afforded the highest status for it to be addressed in an appropriate manner,
particularly by clients and the design team. The MS of 2.89 of twenty-first ranked ‘the contribution
of the Construction Regulations to the integration of H&S into projects at project (client and design
team included) level’ indicates that the Construction Regulations have not been effective. ‘Pre-
qualification of project managers on H&S competencies’, ranked twenty-second, indicates that
project managers are effectively not pre-qualified on H&S competencies. This does not
complement H&S as project managers are in a unique position to contribute to H&S as they
coordinate design, integrate design and construction, and oversee construction, which all
contribute to H&S. The 2.80 MS of twenty-third ranked ‘construction management competencies
of H&S Officers’ is notable as they should possess such competencies as they fulfil an integral role
relative to the construction process and its activities.

‘Construction H&S competencies of engineers’, ranked twenty-fourth with a MS of 2.78, is an
indication that one of the primary design team members is effectively not competent. Twenty-fifth
ranked ‘design hazard identification and risk assessments (HIRAs)’, with a MS of 2.75, is notable
as designers are required to substitute hazardous materials and processes. This can only be
achieved if HIRAs are conducted. ‘Pre-qualification of designers on H&S competencies’, ranked
twenty-sixth, indicates that designers are effectively not pre-qualified on H&S competencies. This
finding underscores the findings relative to ‘construction H&S competencies of engineers’, ‘design
hazard identification and risk assessments’, and ‘construction H&S competencies of architects’.
‘Integration of design and construction in terms of H&S’, ranked twenty-seventh with a MS of 2.70,
is notable in that the integration of design and construction complements H&S.

Fourthly, the MSs ranked twenty-seventh to thirtieth fall within the range > 1.80 < 2.60: very poor to
poor / poor.

‘Construction H&S competencies of architects’ ranked twenty-eighth with a MS of 2.44 is an
indication that a further primary member of the design team is effectively not competent. The
twenty-ninth ranking of ‘construction H&S competencies of subcontractors’ with a MS of 2.30 is
notable as subcontractors undertake a major percentage of all construction work. ‘Construction
H&S competencies of quantity surveyors’, ranked thirtieth with a MS of 2.10, is yet an indication
that yet a further primary member of the design team is effectively not competent.



Table 3: Rating of the South African construction industry in terms of various aspects / issues.

Aspect / Issue Unsure | Very poor................ Very good Mean | Rank
1 2 3 4 5 Score

Coordination of projects at site (construction team) level 0.0 0.0 |0.0 |20.0]|80.0 00 |380 1
Construction H&S competencies of Client Appointed H&S

Agents 10.0 00 |0.0 |30.0|50.0]10.0]3.78 2
Integration of H&S into the construction process by H&S

Officers 0.0 00 |00 |300]700]0.0 |3.70 3
Coordination of projects at project (client and design team

included) level 10.0 0.0 | 0.0 |40.0]|40.0]10.0]3.67 4
Construction hazard identification and risk assessments 0.0 0.0 0.0 40.0 | 60.0 | 0.0 3.60 5
Project management competencies of Client Appointed

H&S Agents 10.0 0.0 | 10.0 | 40.0 | 30.0 | 10.0 | 3.44 6

The contribution of the Construction Regulations to the
integration of H&S into projects at site (construction team)

level 10.0 00 |0.0 |60.0|300]00 |333 7
Integration of H&S into site management 0.0 0.0 |[222 | 222|556 0.0 3.33 8
Status afforded to H&S at site (construction team) level 0.0 0.0 0.0 70.0 | 30.0 | 0.0 3.30 9
Integration of H&S into construction activities 0.0 0.0 |20.0|30.0|50.0 0.0 |3.30 10
Pre-qualification of contractors on H&S competencies 10.0 0.0 10.0 | 50.0 | 30.0 | 0.0 3.22 11
Integration of design and construction 10.0 10.0 | 0.0 | 40.0 | 40.0 | 0.0 3.22 12
Construction H&S competencies of Project managers 0.0 0.0 | 20.0 | 40.0 | 40.0 | 0.0 3.20 13
Design competencies of Client Appointed H&S Agents 20.0 0.0 20.0 | 30.0 | 30.0 | 0.0 3.13 14
Construction management competencies of Client

Appointed H&S Agents 10.0 0.0 10.0 | 60.0 | 20.0 | 0.0 | 3.11 15
Integration of H&S into the construction process 0.0 0.0 |30.0|30.0|40.0]0.0 |3.10 16
Construction H&S competencies of general contractors 0.0 10.0 | 20.0 | 20.0 | 50.0 | 0.0 3.10 17
H&S competencies of site management 0.0 0.0 | 222|556 |222 0.0 3.00 18
Site management commitment to H&S 0.0 0.0 | 20.0|70.0]10.0]0.0 2.90 19
Status afforded to H&S at project (client and design team

included) level 0.0 10.0 | 30.0 | 30.0 | 20.0 | 10.0 | 2.90 20

The contribution of the Construction Regulations to the
integration of H&S into projects at project (client and

design team included) level 10.0 0.0 30.0 | 40.0 | 20.0 | 0.0 2.89 21
Pre-qualification of project managers on H&S

competencies 20.0 0.0 30.0 | 30.0 | 20.0 | 0.0 2.88 22
Construction management competencies of H&S Officers | 0.0 10.0 | 20.0 | 50.0 [ 20.0 | 0.0 | 2.80 23
Construction H&S competencies of engineers 10.0 10.0 | 20.0 | 40.0 [ 20.0 | 0.0 | 2.78 24
Design hazard identification and risk assessments 20.0 10.0 | 20.0 | 30.0 | 20.0 | 0.0 2.75 25
Pre-qualification of designers on H&S competencies 30.0 10.0 | 10.0 | 40.0 | 10.0 | 0.0 2.71 26
Integration of design and construction in terms of H&S 0.0 10.0 | 30.0 | 40.0 | 20.0 | 0.0 2.70 27
Construction H&S competencies of architects 10.0 10.0 | 30.0 | 50.0 | 0.0 0.0 2.44 28
Construction H&S competencies of subcontractors 0.0 10.0 | 60.0 | 20.0 | 10.0 | 0.0 2.30 29
Construction H&S competencies of quantity surveyors 0.0 30.0 | 40.0 | 20.0 | 10.0 | 0.0 2.10 30

Table 4 indicates the respondents’ degree of concurrence relative to twenty-two statements
pertaining to various H&S aspects / issues relative to the South African construction industry in
terms of percentage responses to a scale of 1 (strongly disagree) to 5 (strongly agree), and a
mean score (MS) ranging between 1.00 and 5.00. It is notable that seventeen of the twenty-two
(%) MSs are above the midpoint score of 3.00, which indicates that in general the respondents can
be deemed to agree with the said statements, as opposed to disagree. Given that some of the
aspects / issues addressed in Tables 3 and are common, it should be noted that Table 3 presents
ratings, whereas Table 4 presents the degree of concurrence.

MSs that fall within the range > 4.20 < 5.00 indicate that the degree of concurrence is between
agree to strongly agree / strongly agree — three statements. The concurrence relative to ‘H&S is
an integral function of site management’ and ‘H&S is an integral aspect of the construction
process’ is notable. Consequently, construction management and more specifically, site
management, should be committed to H&S and possess the requisite H&S competencies, which is
not the case according to the findings presented in Table 3 above. The concurrence relative to the
‘Construction Regulations should require a project close out / final report that includes H&S
indicates a need for a project management approach to H&S'.



MSs that fall within the range > 3.40 < 4.20 indicate that the degree of concurrence is between
neutral to agree / agree — nine statements. ‘An overall H&S Coordinator should integrate and
coordinate design and construction in terms of H&S at project (client and design team included)
level’ with a MS of 4.20 falls on the upper limit of the range. This is a requirement of the revised
Construction (Design and Management) Regulations (Health & Safety Commission, 2007). The
concurrence relative to H&S is as important as cost, quality, and time at site (construction team)
level and H&S is as important as cost, quality, and time at project (client and design team included)
level indicate an understanding and appreciation of the role and importance of H&S. However, the
findings relative to status in Table 3 do not align with the ideal status.

The concurrence relative to ‘Client Appointed H&S Agents lack built environment competencies’
and ‘site management lacks H&S competencies’ underscores the related findings presented in
Table 3 above. Given the status afforded H&S Officers in terms of the Construction Regulations,
the concurrence relative to ‘H&S Officers have the organisational authority to integrate H&S into
the construction process’, is notable. The reason being, they effectively fulfil a staff, as opposed to
a line function. The consensus relative to ‘generally projects are coordinated by a project
manager’ is notable in that project management of a project should engender H&S as project
managers coordinate design, integrate design and construction, and oversee construction. The
consensus relative to ‘Client Appointed H&S Agents lack construction management competencies’
underscores the rating of ‘Construction management competencies of Client Appointed H&S
Agents’ presented in Table 3 above. The integration of design and construction complements
H&S. However, ideally it should be in terms of H&S, and hence the consensus relative to ‘project
managers integrate design and construction in terms of H&S’ is notable.

MSs that fall within the range > 2.60 < 3.40 indicate that the degree of consensus is between
disagree to neutral / neutral — eight statements.

The consensus relative to ‘H&S Officers lack construction management competencies’
underscores the related rating presented in Table 3 above.

‘Project managers integrate design and construction’ achieved lower consensus than ‘project
managers integrate design and construction in terms of H&S'.

The fact that the Construction Regulations do not refer to the phases of projects is reflected in the
consensus relative to ‘the Construction Regulations do not highlight the H&S requirements for
projects in terms of the project phases’. The consensus relative to ‘the Construction Regulations
promote fragmented contributions to H&S at project (client and design team included) level’ and
‘the Construction Regulations promote fragmented contributions to H&S at site (construction team)
level’ indicates that they have not been effective in terms of promoting integration. The consensus
(3.00) relative to ‘project managers possess the requisite construction H&S competencies to
manage projects in terms of H&S’, to a degree, underscores the rating of 3.20 in Table 3 above.
However, the consensus (2.90) relative to ‘engineers possess the requisite construction H&S
competencies to manage projects in terms of H&S’, underscores the rating of 2.78 in Table 3
above. The rating (2.90) relative to site management is committed to H&S underscores the
consensus relative thereto namely 2.80.

MSs that fall within the range > 1.80 < 2.60 indicate that the degree of concurrence is between
strongly disagree to disagree / disagree — two statements.

The consensus relative to ‘architects possess the requisite construction H&S competencies to
manage projects in terms of H&S’ (2.50) and ‘quantity surveyors possess the requisite construction
H&S competencies to manage projects in terms of H&S’ (2.00) also reflects the ratings in Table 3
above.



Table 4: Degree of concurrence with various statements pertaining to various aspects / issues

Statement Unsure | (Strongly disagree........ Strongly agree) | Mean
1 2 3 4 5 Score

H&S is an integral function of site management 0.0 0.0 0.0 111 [ 333 | 55.6 4.44

H&S is an integral aspect of the construction process 0.0 0.0 0.0 111 | 444 | 444 4.33

The Construction Regulations should require a project

close out / final report that includes H&S 0.0 0.0 0.0 20.0 | 30.0 | 50.0 4.30

An overall H&S Coordinator should integrate and
coordinate design and construction in terms of H&S at

project (client and design team included) level 0.0 0.0 10.0 | 0.0 50.0 | 40.0 4.20
H&S is as important as cost, quality, and time at site
(construction team) level 0.0 0.0 10.0 | 10.0 | 50.0 | 30.0 4.00
H&S is as important as cost, quality, and time at project
(client and design team included) level 0.0 0.0 20.0 | 10.0 | 30.0 | 40.0 3.90
Client Appointed H&S Agents lack built environment
competencies 0.0 0.0 10.0 | 10.0 | 70.0 | 10.0 3.80
Site management lacks H&S competencies 0.0 0.0 10.0 | 20.0 | 50.0 | 20.0 3.80
H&S Officers have the organisational authority to integrate
H&S into the construction process 0.0 0.0 0.0 50.0 | 20.0 | 30.0 3.80
Generally projects are coordinated by a project manager 10.0 0.0 20.0 | 10.0 | 30.0 | 30.0 3.78
Client Appointed H&S Agents lack construction
management competencies 0.0 0.0 10.0 | 10.0 | 80.0 | 0.0 3.70
Project managers integrate design and construction in
terms of H&S 30.0 0.0 10.0 | 30.0 | 20.0 | 10.0 3.43
H&S  Officers lack  construction management
competencies 0.0 10.0 | 10.0 | 30.0 | 40.0 | 10.0 3.30
Project managers integrate design and construction 20.0 0.0 30.0 | 20.0 | 10.0 | 20.0 3.25
The Construction Regulations do not highlight the H&S
requirements for projects in terms of the project phases 10.0 10.0 | 10.0 | 20.0 | 50.0 | 0.0 3.22

The Construction Regulations promote fragmented
contributions to H&S at project (client and design team

included) level 0.0 10.0 | 20.0 | 30.0 | 30.0 | 10.0 3.10
The Construction Regulations promote fragmented
contributions to H&S at site (construction team) level 0.0 10.0 | 10.0 | 40.0 | 40.0 | 0.0 3.10
Project managers possess the requisite construction H&S
competencies to manage projects in terms of H&S 10.0 0.0 30.0 | 40.0 [ 10.0 | 10.0 3.00
Engineers possess the requisite construction H&S
competencies to manage projects in terms of H&S 0.0 0.0 40.0 | 40.0 | 10.0 | 10.0 2.90
Site management is committed to H&S 0.0 10.0 | 20.0 | 50.0 | 20.0 | 0.0 2.80
Architects possess the requisite construction H&S
competencies to manage projects in terms of H&S 0.0 10.0 | 50.0 | 30.0 | 0.0 10.0 2.50
Quantity surveyors possess the requisite construction
H&S competencies to manage projects in terms of H&S 0.0 10.0 | 80.0 | 10.0 | 0.0 0.0 2.00

CONCLUSIONS

The traditional project parameters of cost and time are perceived to be more important than H&S.
However, given that H&S is perceived to be more important than quality, and that traditionally cost,
quality, and time are more important than H&S, it can be concluded that the Construction
Regulations have probably contributed to the increased importance afforded to H&S. Previous
research conducted in South Africa determined that the promulgation of the Construction
Regulations had contributed to increased awareness relative to H&S (Smallwood & Haupt, 2006).

The coordination of projects at site and project level is rated between average to good / good,
therefore it can be concluded that coordination does occur, but that it can be enhanced. H&S is
deemed to be integrated into site management, construction activities and into the construction
process, but given that the ratings are between poor to average / average, it can be concluded
H&S is not afforded optimum status and therefore not an integral aspect of construction.

Client Appointed H&S Agents are generally rated poor to average / average in terms of perceived
competencies. Therefore, it can be concluded that in all likelihood they are not appropriately
educated and trained, and that clients do not ensure that such agents are competent.



Furthermore, it is known that assessment criteria do not exist. In terms of perceived construction
H&S competencies, most stakeholders are rated poor to average / average, and architects,
subcontractors, and quantity surveyors as very poor to poor / poor.

Therefore, it can be concluded that in all likelihood the tertiary education programs of built
environment practitioners are inadequate in terms of construction H&S.

The low ratings afforded design HIRAs, and the integration of design and construction in terms of
H&S, indicate that designers are not contributing sufficiently to construction H&S. This indicates a
need for a project H&S coordinator to be responsible for the coordination and integration of H&S at
project level and during the construction process.

Finally, it is necessary to note that the findings emanate from a pilot study, which entailed the
survey of a small sample stratum, and therefore, the findings cannot be generalised. However, the
sample stratum did consist of so called ‘better practice H&S’ GCs , who can be deemed to be
knowledgeable in terms of H&S.
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ABSTRACT

To improve the prevailing safety performance of the Hong Kong construction industry, the Pay for
Safety Scheme (PFSS) which is a public sector initiative was launched in the public sector in 1996
to encourage the safety awareness by taking the contractor’s pricing for safety items out from the
area of competitive bidding. The research aims to investigate the current application and future
development of PFSS in the Hong Kong construction industry. It will focus on how the PFSS can
be effectively implemented in the public sector, extending its application in the private sector as
well as the feasibility of implementing PFSS for subcontractors. The research findings are
expected to provide a critical review of applying PFSS in both the public sector and private sector
regarding its motives, features, benefits, difficulties, success factors, limitations and possible
recommendations for successful implementation. By consolidating the opinions from different key
project stakeholders, the research results would provide some valuable insights into the future
development of PFSS, encourage a wider application of PFSS in the private sector and facilitate
the implementation of PFSS for subcontractors in near future. It is also expected to allow decision
makers to have a clearer insight into setting aside the optimal budget of contract sum allocated for
the payable safety items in tender pricing by both main contractor and subcontractor organizations
at an early stage of project development, and to investigate how the site accidents can be
mitigated via PFSS.

Keywords: Pay for safety scheme, Construction Safety, Research framework, Hong Kong.

INTRODUCTION

In Hong Kong, the construction industry is regarded as a high-risk industry. It is evident that the
construction industry has recorded the highest number of accident rate and fatalities among
various industry sectors around the world (Koehn et al. 1995; Sawacha et al. 1999; Ahmed et al.
2000; Wong and So 2004; Choudhry et al. 2008). Some previous research pointed out that site
accidents are mainly raised from competitive tendering, extensive use of subcontractors, poor
accident record keeping and reporting system, the low priority given to safety, inadequate safety
training provided to contractors management and workers, etc (Poon 1998; Tam et al. 1998). In
1996, the Hong Kong Government launched different safety measures to improve the safety
performance of the construction industry. The Pay for Safety Scheme (PFSS) is one of the
effective safety incentives launched by the government. It is obvious that both the accident rate
and fatality rate have been decreased noticeably over the past decade.

PFSS has been introduced to the Hong Kong construction industry for more than 10 years since
1996. Thus, it is important to evaluate the current state of application and investigate the future
development of PFSS in Hong Kong. As there is a lack of research on PFSS, it would be valuable
to examine how PFSS can be effectively applied in the public sector, whether the scope of



application can be extended to the private sector, as well as the feasibility of implementing PFSS
for subcontractors.

SAFETY PERFORMANCE OF CONSTRUCTION INDUSTRY

The safety performance of the Hong Kong construction industry has been greatly improved over
the past decade. The government has introduced a plethora of different safety initiatives that
increased the safety awareness of construction workers and also reduced the accident rate. As
shown in Figure 1, the accident rate of the construction industry in Hong Kong has been declining
in recent years from 1998 to 2007 (Labour Department 2008). It is encouraging to note that the
number of industrial accidents in the construction industry of Hong Kong decreased from 3,400 in
2006 to 3,042 in 2007, down by 10.5%, while the accident rate per 1,000 workers decreased from
64.3 to 60.6, down by 5.8% as compared with the 2006 statistical figures. When compared with
1998, the construction accidents in 2007 fell heftily by 84.5% and the accident rate per 1,000
workers also dropped by 75.6% as well.
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Figure 1. Number of industrial accidents and accident rate per 1,000 workers in construction
industry from 1998 to 2007 (Labour Department 2008)

The fatality rate was also reduced between 1998 and 2007. In 2007, the number of industrial
fatalities in the construction industry was 19, higher than 16 in 2006 by 18.8%, but lower than 56 in
1998 by 66.1% and the average of the past five years (20.4) by 6.9%. The industrial fatality rate of
the construction industry in 2007 was 0.379, higher than 0.303 in 2006 by 25.1% and the average
of the past five years (0.352) by 7.5%, but lower than 0.709 in 1998 by 46.6% (Figure 2).
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Figure 2. Number of industrial fatalities and fatality rate per 1,000 workers in construction industry
from 1998 to 2007 (Labour Department 2008)

AIMS OF PAY FOR SAFETY SCHEME (PFSS)

The Report of the Construction Industry Review Committee (CIRC) published by the Hong Kong
Special Administrative Region in January 2001 advocated that the safety performance of the
construction industry has been improved significantly over the past decade in Hong Kong but the
site accident rate still remains at an unacceptable level (CIRC 2001). The government launched
PFSS to encourage the safety awareness by taking the contractor’s pricing for site safety items out
from the realm of competitive bidding (ETWB 2000; REDA/HKCA 2005).

As the contractors may try to bid contracts at the lowest price, it causes the sum payable for the
safety-related items not to be measured and identified in the tender rates and prices. Therefore,
contractors are likely to cut the budgets under the safety items to put in other necessary items
(ETWB 2000). Under PFSS, all the items related to safety management that the contractor should
carry out are included in the separate bill of quantities and a fixed sum is provided. When the
contractor fulfills the stipulated safety requirements, payment is then made to the contractor.
Therefore, it can enhance the safety awareness and ensure the safety measures to be carried out
by the contractor from tender stage until project completion. PFSS has in fact secured intense
support from the construction industry as a whole.

DEVELOPMENT OF PFSS IN PUBLIC SECTOR

The Works Bureau (now the Works Branch under the Development Bureau of the Hong Kong
Special Administrative Region (SAR)Government) has first introduced a couple of major safety
schemes, i.e. the Pay for Safety Scheme (PFSS) and the Independent Safety Audit Scheme
(ISAS), towards the government construction contracts since 1996. A similar PFSS was later
launched by the Hong Kong Housing Authority (HKHA) in 2000 to set aside a contract sum within
the contract provision to encourage contractors to achieve good safety performance. The HKHA
also required all the public housing projects to be undertaken under PFSS. There have been more
than 800 public works projects which had implemented PFSS between 1996 and 2003 (Ng 2007).
Hands-on experience derived from the public sector has demonstrated the effectiveness of PFSS
in improving the overall site safety performance. It is indicated that there has been significant
improvement in both the number of fatal accidents and the number of non-fatal accidents since the
introduction of PFSS (HKHA, 1999 and Labour Department, 2008).



Under PFSS, the “Site Safety” section under the bill of quantities covered all the payable safety
items. There are about 2% of contract sum for the contractors to carry out the safety items.
However, the fixed sum may be adjusted depending on the size of the project. When contractors
comply with each of these stipulated safety items and have been certified with satisfactory safety
performance, payment is to be made on a monthly basis (ETWB 2000).

DEVELOPMENT OF PFSS IN THE PRIVATE SECTOR

The Real Estate Developers Association of Hong Kong (REDA) and the Hong Kong Construction
Association (HKCA) have jointly established the Pay for Safety Scheme (PFSS) via their Safety
Partnering Programme launched in June 2005, building upon the success of a similar one
implemented by the former Works Bureau in 1996. The HKCA has started promoting the
application of PFSS in the private sector on a voluntary basis since October 2005. The operation of
PFSS in the private sector is more or less the same as the public sector. Three items, i.e.
appointment of safety supervisors, provision of welfare facilities and provision of safe working
cycle, are also added to the payable safety items list when PFSS is adopted by the private sector
(REDA/HKCA 2005). First, the developer should express his intention to establish a higher
standard of site safety performance during tender stage. Then the developer should demonstrate
his commitment to pay for safety-related expenditure in the schedule of rates for site safety, and
set the financial incentive to support the contractor’s efforts on site safety between 0.5% and 2% of
the contract sum (Figure 3). A total of 54 construction sites have participated in the Safety
Partnering Programme since October 2005 with 21 active sites up to the end of February 2009
(REDA/HKCA 2009).

Encouraged by the success story of this major initiative, the HKCA took the initiative further down
the supply chain by signing a “Safety Partnering Programme” agreement with the Hong Kong
Subcontracting Association (HKSA) to encourage its members to support the safety charter, deploy
resources for safety devices and equipment, develop and implement various safety management
systems (Green Cross 2007). Since its introduction in March 2007, over 50 members of HKCA
have joined this programme. It is timely for the proposed study to undertake some basic research
necessary to develop a practical PFSS to help reinforce this initiative.
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Figure 3. Sliding scale of pay for safety price value relative to project size (REDA/HKCA 2005)



As there are too few projects which have implemented PFSS in town, the accident rates remain
very high in the private sector. Therefore, more urgent efforts should be placed on site safety
management in the private sector to remedy this situation. It is recognized that unlike the former
Works Bureau and HKHA, the private sector employers, being members of REDA, are made up of
private property developers of different sizes. The corporate structure and management approach
to conducting their businesses are essentially different from the public sector. Furthermore, unlike
their public sector counterparts that have dedicated resources to monitor and guide the
contractor’'s site safety performance, including enforcing the contractual provisions under PFSS
and providing a focal point for the parallel Independent Safety Audit Scheme (ISAS) operated by
the Occupational Safety and Health Council, many private property developers may not develop a
proper monitoring mechanism to check and counter-check the contractor’s site safety performance.
There is also the issue of the additional administrative cost on the part of a participating employer if
the scheme involves very complicated processes of certifying and cross-checking the safety-
related payments, or requiring considerable professional inputs in ascertaining the safety audit
results.

EFFECTIVENESS OF PFSS BETWEEN THE PUBLIC AND PRIVATE SECTORS

Figure 4 indicates the profiles of the accident rates between the public and private sector works in
Hong Kong from 1999 to 2005. Despite their respective downward trends, it is evident to see that
there is significant difference in the annual accident rates between the two sectors. The annual
accident rate in the public sector is always significantly lower than that in the private sector. It is
logical to accept that a wider application of PFSS in the public sector is one of the essential factors
contributing to such significant difference. PFSS reimburses the expenditure on safety-related
activities to main contractor, provided that the specified activities are satisfactorily performed.
Although it is difficult to determine the sole impact of PFSS on site safety performance, it has
coincided with a significant deterioration in accident rates. To further enhance the current safety
performance of the whole Hong Kong construction industry, Cheung (2005) stated that it would be
possible if the private sector could apply the best practices used in the public sector such as the
Pay for Safety Scheme.
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FUTURE DEVELOPMENT OF PFSS

The Hong Kong construction industry is heavily dependent upon the practice of subcontracting
work. Earlier studies indicate that subcontractors and their workers have a less positive attitude
towards safety than their direct main contractor counterparts (OSHC 2003; Chan et al. 2005).
Thus, PFSS should be down-streamed to cover “subcontracts”. Better motivation of subcontractors
is believed to be instrumental in making further construction safety performance improvement
because subcontracting represents over 80% of the total project cost for most construction projects
in Hong Kong.

However, there exist some potential problems associated with effective site safety control for
subcontractors. A prime concern over managing the project delivery process is the effectiveness of
control over the large number of subcontractors on construction sites due to the diversification of
site activities. This responsibility becomes significantly more difficult to discharge if there is multi-
layered subcontracting. Furthermore, main contractors may shift all the safety responsibilities to
subcontractors and they are not willing to ensure that the subcontractors are capable of providing a
safe working environment (Wilson and Kohen 2000).

Another safety-related problem arising from excessive layering of subcontract work is that as work
is passed down through the supply chain, each layer shaves off a profit margin. The individuals on-
site who end up doing the work have little or no resources available for safety expenditure even if
they have the awareness and interest to invest in safety. Therefore, it is important to investigate
the feasibility and develop a practical effective approach to implementing the proposed PFSS
downstream to the level of subcontractors.

RESEARCH FRAMEWORK

In this research, different research tools, i.e. literature review, in-depth interview, case study and
questionnaire survey will be adopted to collect appropriate and sufficient information and data of
construction projects using PFSS based in Hong Kong.

A. Research Aim and Objectives

The research project purports to review the current application and explore the future development
of PFSS within the Hong Kong construction industry, with the following six objectives:

(1) To provide a critical review of current application of PFSS in the Hong Kong construction
industry.

(2) To examine the features, benefits, difficulties, success factors and limitations of implementing
PFSS and analyze their importance.

(3) To examine the causal relationship between safety performance and project performance, i.e.
whether better safety performance contributes to higher profit level.

(4) To investigate whether and how PFSS for subcontractors (P:SS:S) can motivate
subcontractors for better safety performance.

(5) To identify the optimum safety incentive level of P;SSS between the main contractor and
major trade subcontractors across different types of projects.

(6) To suggest possible recommendations to facilitate the successful implementation of PFSS
and future development of P;{SS;S in Hong Kong.

B. Literature Review

A comprehensive literature review from related safety textbooks, professional journals, conference
proceedings, academic journals, research monographs, previous dissertations, workshop or
seminar notes, magazines, newsletters and internet materials, will be conducted to provide an
abundant knowledge base on construction safety management and the implementation of similar
PFSS across different countries, e.g. UK, USA, Australia, Japan and Hong Kong. Past and current



implementation practices on PFSS including locally and overseas will be retrieved and
documented for reference. It also helps develop an overall research framework and to prepare an
appropriate template for the structured interview, questionnaire survey and case study.

C. In-depth Interview

In-depth face-to-face interviews with different senior industrial practitioners with abundant direct
hands-on experience with PFSS projects are important in identifying the prevailing practices,
current application and future development of PFSS in the construction sector. The purpose of
face-to-face interviews is to solicit the collective ideas and valuable opinions on the motives,
features, benefits, difficulties, success factors, limitations, safety performance, together with
recommendations for improvement to this scheme from those target interviewees. This method
helps collect their opinions and feedback in compiling the contents of the empirical survey
questionnaire, and developing corresponding conclusions and recommendations. Potential
interviewees include the key project team members of main contractors and related government
departments. The content analysis technique will be used to document, analyze and compare the
interview dialogues and also capture similarities and differences of the various attributes of PFSS
under study for cross-comparison.

D. Case Study

Relevant data and information will be gleaned through face-to-face interviews and retrieval from
collaborating firms. In-depth investigations on some representative real-life case study projects can
enhance the real understanding of the implementation practices of PFSS and are also vital to
validate the research findings. All the cases will be analyzed on both an individual basis and
collectively in order to draw valid, representative conclusions.

E. Questionnaire Survey

The questions set on the empirical survey questionnaire aim to collect the perceptions of various
contracting parties on implementing PFSS in terms of the motives, features, benefits, difficulties,
success factors, limitations, safety performance, together with any desirable supplementary
schemes suggested by the survey respondents and recommendations for further improvement to
PFSS.

Self-administered survey questionnaires will be distributed to the key participants in those PFSS
projects. The target respondents include Project Managers, Safety Managers, Architects,
Engineers, Quantity Surveyors and other related professionals of main contractors and relevant
government departments such as the Housing Department, Architectural Services Department,
Highways Department, Drainage Services Department, etc which have gained sufficient sound
experience in applying PFSS in Hong Kong. The main contractor companies are those on the
Approved Contractors List for public works projects as provided by the Works Branch under the
Development Bureau and HKHA Counterpart Lists. Leading private property developers and their
projects’ main contractors will also be considered for inclusion in the list of potential respondents.
The data collected will also be used to compare the opinions between client organizations and
main contractors on each of the above attributes towards PFSS.

Regarding the method of data analysis, the mean score ranking technique will first be used to
analyze the data collected from the questionnaire survey. The mean score of each feature, benefit,
difficulty, limitation and recommendation on PFSS will be calculated and used to determine the
relative ranking by comparing each individual mean score. Then the relative rankings of those
PFSS attributes in ascending order of importance can be found out for further analysis and
discussion. These rankings were also essential in cross-comparing the relative importance of the
PFSS attributes between any two groups of respondents, e.g. clients and contractors or public and
private. After that, the Kendall’'s Coefficient of Concordance (W) Test will be adopted to measure
the agreement on the ranking exercise amongst different respondents within the same survey
group. It can ascertain whether the survey respondents within a particular group respond in a



consistent manner. Then the Spearman’s Rank Correlation Coefficient (rs) Test will be used to
measure the level of agreement on their rankings between any two respondent groups. All the
quantitative data collected will be entered and manipulated via the Statistical Package for Social
Sciences (SPSS) to facilitate further analysis of the responses derived from the empirical survey.

F. Regression Analysis

The causal relationship between safety performance and profit level can be explored based on
historical data and information about some completed construction projects which will be obtained
from the relevant major contractors in Hong Kong. Safety performance will be measured inversely
by a performance indicator (PI) in aggregate sum of cumulative incidence rate (CIR), number of
convictions (C) and number of fatal accidents (FA) throughout the whole contract period of a
construction project, while the profit level will be measured in terms of profit percentage (gross
profit divided by turnover).

It is necessary to infer a causal relationship through the collection of experimental data and their
analysis. The Regression Analysis (RA) will subsequently be applied to establish the relationship
between safety performance and project profit based on the relevant statistical data and
information. In statistical terms, RA examines the relationship between a dependent variable
(response variable) and specified independent variables (explanatory variables). The mathematical
model of their relationship is the regression model equation. The dependent variable is modelled
as a random variable because of uncertainty as to its value, given values of the independent
variables. A regression equation contains estimates of one or more unknown regression
parameters ("constants"), which quantitatively link the dependent and independent variables. The
parameters are estimated from given realizations of the dependent and independent variables.
Uses of regression include prediction (including forecasting of time-series data), modelling of
causal relationships, and testing scientific hypotheses about relationships between variables (Hair
et al. 2006).

G. Pairwise Comparison

As the Pay for Safety Scheme for Subcontractors (PsSS;:S) has not yet been widely implemented
now within the construction industry, the effect of PFSS as a proxy to PSS{S on safety
performance will be investigated. It is hypothesized that financial incentive is an important
motivator to achieve better safety performance.

The mean value of the safety performance of projects which have implemented PFSS will be
compared statistically with those without by an analysis of paired data to test whether there is any
significant difference between the sample means. Pairwise comparison generally refers to any
process of comparing entities in pairs to judge which of each pair is preferred, or has a greater
amount of some quantitative properties. The method of pairwise comparison is used in the
scientific study of preferences, attitudes, voting systems, social choice, and public choice. Under
the psychology literature, it is often referred to as paired comparison (Hair et al. 2006).

H. Linear Programming and Sensitivity Analysis

The incentive level given under PsSS;S should be adequate to generate subcontractor impetus, but
should not be so excessive that sacrifices the main contractor's own profit. Based on the statistical
data and information obtained from the relevant major contractors, the optimum level of incentives
with minimum payment to subcontractor in return of maximum profit to main contractor for various
types of projects will be determined using some operational research techniques such as Linear
Programming (LP) and Sensitivity Analysis (SA). A linear programming usually involves the
optimization of a linear objective function, subject to linear equality and inequality constraints. A
modification to this is the formulation of a linear goal programming model, which involves the
optimization of, instead of one objective, several objectives with priorities (Tang 1999).



In this research project, the objectives will be, amongst others, optimizing the main contractor’s
profit (priority one), optimizing subcontractor’s profit (priority two), optimizing subcontractor’s safety
facilities (priority three), and so on. The decision variables of the goal programming model will be
safety facilities (e.g. number of safety walks required, number of safety committee meetings held,
number of items of different safety equipment, etc). The coefficients of the decision variables will
be the unit costs of the safety facilities. After that, a number of objectives can be optimized subject
to a number of constraints (or goals). Later on, sensitivity analysis can be carried out for the
optimal solution of the linear programming model in order to know more about how the safety
performance changes with other independent variables.

I. Validation of Research Findings

Triangulation from multiple sources will be employed to reinforce the credibility of the findings
obtained from the research data and subsequent analyses. Results derived from the questionnaire
survey and case studies will be cross-referenced to the published literature as well as with each
other. Appropriate workshop discussions with prominent industrial practitioners who have acquired
extensive hands-on experience in undertaking construction projects with PFSS will be organized to
generate relevant information and to supplement and/or confirm the outcomes of the analyses, and
a set of proposed recommendations for improving the prevailing implementation of PFSS and
future development of P:SS:S. Several meetings will be scheduled via discussions and
moderations to validate the research findings and explanations with practitioners involved in the
study.

SIGNIFICANCE OF THE RESEARCH

PFSS can be an effective initiative to improve the overall safety performance of contractors and
reduce accident rate of the construction industry in Hong Kong. This research study will carry out a
thorough investigation of the current application and future development of PFSS in Hong Kong. It
will first offer an overview of applying PFSS in both the public sector and private sector in respect
of its motives, features, benefits, difficulties, success factors, limitations and possible
recommendations for successful implementation. After collating the opinions from various major
project stakeholders, the research results would engender some useful pointers to the future
development of PFSS and encourage a wider application of PFSS in the private sector (e.g.
empirical survey findings on the perceived benefits of PFSS as reported by Chan et al. 2009).

The proposed research is also timely because PFSS has been introduced in the public sector of
Hong Kong since 1996 and in the private sector since 2005. It is high time for us to review its
effectiveness in upgrading the site safety performance and seek further improvement for future
application. The research findings are also essential to decision makers in allocating the optimal
budget of contract sum for the payable safety items during tender submission by both main
contractor and subcontractor organizations at an infant stage of project development, and in
exploring how the site accidents can be reduced through PFSS. It is important to set minimum
investment on safety-related items in return of maximum profit of a construction project for
improvement in prevailing site safety performance. After reviewing the current state of
implementation of PFSS between client and main contractor in Hong Kong, the application of
PFSS between main contractor and subcontractors in near future will also be studied by
developing a practical P{SS;S for achieving better safety performance.

CONCLUSIONS

The implementation of PFSS is now being adopted in spate across the public sector whereas there
are a scarcity of private sector projects which have launched PFSS so far. Thus, the accident rate
for the private sector building projects remains at a higher level, and the Hong Kong SAR
Government should increase promotion on implementing these safety measures within the
construction industry. It would be important to encourage the private property developers and



contractors and even subcontractors to apply more safety initiatives in their projects for ensuring a
safe and healthy workplace. Safety and health is everyone’s responsibility. To prevent any
accidents from occurring, it relies heavily on implementing effective safety measures, enhancing
safety culture and creating good working environment on-site (Cheung 2004).
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ABSTRACT

Methods of working to a high standard of health and safety should be a natural way-of-working for
everybody! The introduction of Information and Communication Technologies (ICTs) may provide a
means of streamlining construction project processes. This paper seeks to summarise this
research and outline how collaborative working software could be used to improve the health and
safety of construction projects. There has also been much research into the use of collaborative
working software. The areas of CAD (modelling and visualisation) and knowledge management
technologies and ICT systems are areas where health and safety may learn from. This paper
investigates how collaborative working software, e.g. the 4Projects collaborative working web-
based extranet, could be used to improve the management of health and safety in construction
projects. The use of both collaborative working procedures and software to improve the
management of project information is a key concern for many in the industry. The use of
collaborative working software to communicate information in the fields of project management,
design collaboration, construction management, incident and causation and individual health and
safety training records amongst other things is considered. The paper describes current literature
as well as key issues for implementing collaborative working into construction organizations, the
business process and people issues also needing consideration. The paper presents information
and experiences from two different sides of the industry, one a large world leading construction
company and the second, a small-to-medium sized enterprise (SME) from Nottingham (UK).

Keywords: Collaborative working software, Web-based systems, Information and Communication
technology

INTRODUCTION

The new millennium has seen widespread recognition from research findings and the construction
industry itself that the UK Construction industry must embrace new ways of working if it is to
remain competitive and meet the needs of its ever demanding clients. Inherent within this agenda
of new ways of working is a move towards collaborative working (Latham, 1994; Egan, 1998) and
its associated fields: concurrent engineering and lean production (Anumba et al., 2004).

Collaborative working is essential if design and construction teams are to address the entire
lifecycle of the construction product and take account of not only primary functionality but also
productivity, buildability, serviceability and even recyclability (Kusiak & Wang, 1993).

Much of the recent work on collaborative working has focused on the delivery of technological
solutions (Kvan, 2000; Woo et al., 2001; Faniran et al. 2001) with a focus on the web, i.e.
extranets, (Weippert et al. 2003; Nitithamyong & Skibniewski, 2004; Sexton & Barrett, 2004;
Wilkinson, 2005), CAD (modelling and visualisation Kunz, 1999; Schwegler, 1999; Hew et al. 2001;
Fulton, 2002; Edenius & Borgerson, 2003; Smoliar, 2003; Waly & Thabet, 2002; Zhu & Issa, 2003;
Donath et al. 2004; Hiremath & Skibniewski, 2004;), and knowledge management technologies
and systems (Rezgui et al., 1996; Lueg, 2001; Stewart et al., 2002; Stewart & Mohamed, 2003;



Asprey, 2004; Egbu, 2004; Kundu, 2004). It can be seen from the literature shown above the
Health and Safety has yet to be included in collaborative working.

Effective collaboration does not result from the implementation of information technology systems
alone (Alvarez, 2001; Vakola & Wilson, 2002; Ferneley et al., 2003). Therefore approaches that
are purely based on information technology are bound to be less than successful, unless the
organisational and people issues are considered as part of these implementations. On the other
hand, approaches that exclusively focus on organisational and cultural issues do not reap the
benefits derived from the use of technology, especially in the context of distributed teams (Grudin,
1994; Koschmann et al., 1996; Loosemore, 1998; Winograd, 1988; Eseryel et al., 2002; Baldwin,
2004), a delicate balance needs to be reached.

Implementing ICT into a number of Architecture, Engineering and Construction (AEC)
organisations crosses many cultural boundaries (Credé, 1997; Proctor & Brown, 1997; Cheng et
al.,, 2001). Managers of ICT implementations have to consider the barriers within the workplace
that affect such introductions with a more strategic approach (Norton, 1995; Boddy & Macbeth,
2000; Maguire, 2002). To make matters more difficult, many individuals are apprehensive when
confronted with technological change through the introduction of new systems and technologies
(Manthou et al., 2004; Erdogan et al., 2005), a need for a more strategically managed approach is
sought, particularly for the construction sector.

The recognition of these issues led to research (Planning and Implementation of Effective
Collaboration in Construction (PIECC)) being undertaken within the Civil and Building Engineering
department at Loughborough University in the UK. The remainder of this paper describes the work
leading towards the development of a prototype framework for the planning and implementation of
effective collaboration in construction projects. The adoption of collaborative working on projects
using such a framework could make Health and Safety management in projects a simpler process.

THE PIECC PROJECT

The PIECC project has a focus on supporting strategic decision-making by highlighting areas
where collaborative working can be improved incorporating the organisational (business), project
and end users’ needs. When carefully planned, and if based on informed decisions, it is believed
that policies and protocols will help organisations improve their collaborative working, achieve
better benefits from it, and maximize the use of tools and techniques that are currently
commercially available.

AIMS AND OBJECTIVES

The main aim of the PIECC research was to develop a strategic decision making framework that
will guide organisations in the planning for effective collaborative working practices and the
implementation of suitable tools and techniques. The associated objectives were to:

Review state of the art collaborative working with a focus on both practices and technologies — see
Erdogan et al. (2005); Koseoglu et al. (2005); Shelbourn et al. (2007, 2007a);

Conduct a requirements capture survey for collaborative working in construction at the
organisational and project user levels, and identify key areas for improvement in collaborative
working — see Shelbourn et al. (2007, 2007a);

Develop a framework for the planning and implementation of effective collaborative working taking
into account both the organisational business processes and the project lifecycle processes — the
main focus of this paper; and

Test and validate the framework within the construction project context — the final stage of the
project.

To realise these objectives the PIECC project followed a rigorous methodology incorporating many
features of recognised requirements and software development lifecycles. The next section
summarises the methodology used in the project.



PROJECT METHODOLOGY

In order to achieve the aims and objectives of the project, a number of different methods were
adopted. These were:

e Use of published sources — through an extensive literature review to establish current
‘state-of-the-art’ practice on collaborative working — and associated areas of interest —
both in construction and other industries;

e Field studies — these were conducted to establish current practice for collaborative
working. The studies used a questionnaire, semi-structured interviews (with identified key
personnel) and case study examples from the collaborating organisations, to elicit
requirements for collaborative working, and key issues to be considered at the
organisational and project user levels; and

e Use a ‘develop-test-refine’ strategy (action research) — to improve the prototype iterations.
This was achieved by using a project steering group (industry focused) that commented on
iterations of the framework and supporting material.

PIECC — CURRENT STATE OF THE ART

A comprehensive literature survey was conducted using desktop study techniques to determine

the current state-of-the-art of collaborative working in the construction (and other relevant)

sectors. Complimenting the collaborative working review, two other specific subjects: collaboration

technologies (Koseoglu et al. 2005) — including GRID technologies; and the change management

implications of implementing and using new technologies for construction organisations (Erdogan

et al. 2005) were also included in the survey. Results showed that there are many definitions of

collaborative working. Some incorporated the word “concurrent” in terms of the approach and

activity, and “collaborative” in terms of ownership (Moore, 2000). The difficulty in determining a

single definition led the research team to describe the different forms that collaboration may take.

Anumba et al. (2002) described four modes of collaboration — ‘Face-to-Face’, ‘Asynchronous’,

‘Synchronous Distributed’, and ‘Asynchronous Distributed’, and typical forms of use in the four

areas have been described by Attaran and Attaran (2002).

The PIECC project had a focus on supporting strategic decision-making by highlighting areas
where collaborative working could be improved incorporating the organisational (business), project
and end users’ needs. When carefully planned, and if based on informed decisions, it was believed
that policies and protocols could help organisations improve their collaborative working, achieve
better benefits from it, and maximize the use of tools and techniques that are currently
commercially available.

Results from the requirements capture survey were summarised into the following requirements:

e MODEL - “...a recognizable model for collaborative working does not exist at this time — it
needs developing to enable a move forward...”

e MODEL - “...must build upon work being done in other aspects of collaborative working —
the AVANTI programme for example...”

o PROCESS - “...processes that enable participants to agree a common vision & priorities

for the collaboration — a route map for how the project is going to proceed, and must
include suitable time for review of progress against vision & priorities...”

e PROCESS - “...procedures to promote trust in the collaboration — a key person needs to
be in charge, they provide leadership, leading (hopefully) to better performance of the team,
to build trust within the team...”

o PROCESS - “...a set of communication procedures that all stakeholders should use in the
collaboration...”

e STANDARDS - “...standards that facilitate interoperability between different software and
systems — we are fed up with learning a new system for every new project!!”

e STANDARDS - “..suitable (and appropriate) help templates/screens for users to

familiarize themselves with the software tools. They are removed when a level of
competence is reached...”



e GOOD PRACTICE - “...examples of good practice/case study material that shows tangible
business benefits of collaborative working...”

e GOOD PRACTICE - “...evidence of good practice of collaborative working to be published
to alleviate frustration of the industry...”

o DESIGN - “...intuitive interface design of software to reduce the requirement for training of
new members of a collaborative project/environment...”
o LEGAL ASPECTS - “...clarification of professional liability of information generated. Who

is responsible for the information generated and its trustworthiness? A right balance
between the technology and professional liability is the issue to building trust...” (Shelbourn
et al., 2007, 2007a).

PIECC - FRAMEWORK DEVELOPMENTS

Effective collaboration is only achievable through the innovative design and development of a more
balanced ‘collaboration strategy’, that does not rely solely on ICTs. As yet there is little evidence
(Shelbourn et al. 2007; 2007a) of such a ‘strategy’ existing that prescribes to project managers
effective ways of implementing and managing collaborative projects. To develop a strategy the
PIECC project produced a questionnaire and conducted a number of interviews with key industrial
representatives. The next section summarizes the results of these questionnaires and interviews.
Using these requirements the research team set up a development group that consisted of
industrial partners and senior researchers in the project. Over a twelve month period and
numerous iterations a framework for effectively planning and implementing collaborative working
was ready for testing — see figure 1.
The framework was built around the premise that there should be harmonization of three
key strategies: business, people, and technology, split on a 40/40/20% basis. Six key areas must
be represented in the three strategies. They are:
¢ Vision — all members of the collaboration agree on the aims and objectives;
e (Stakeholder) Engagement — managers need to ensure that all key participants are
consulted as to the practices to be employed during the collaboration;
e Trust — time and resources are needed to enable stakeholders to build trusting
relationships;
e Communication —a common means of communication is decided by all key participants in
the collaboration;
e Processes — both business and project, that describe to all key participants how the
collaboration is to work on a day-to-day basis;
e Technologies — an agreement on those to be used to ensure the collaboration is easily
implemented and maintained.
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HEALTH AND SAFETY AND COLLABORATIVE WORKING

The process of health and safety in the UK begins with a ‘plan’ at the tendering stage. Once the
plan has been agreed with the contractor the plan is put into ‘practice’ during the project, with all
the information collated and put together into a Health and Safety File at the conclusion. This
process has in the past been paper based and costly at the SME level. Larger contractors have
begun to develop a system of processes to make the process electronic. This kind of approach
may be appropriate for a large client such as Sainsbury’s and their larger contractor partners, but
how does a UK contractor with a turnover of £3-4million undertake health and safety? and how can
a collaborative working approach aid such a contractor?

An interview with such a small contractor in Nottingham in the UK revealed a number of key
issues. The production of the Health and Safety File has traditionally been completed using a
paper based model. This contractor recognised that approach was unsustainable in terms of sizes
of folders and not having the most up-to-date information contained in these Files, however they
did stress that many other contractors were still following such a paper based approach.

The question was asked as to whether ICT could improve the process? Such systems as those
described by Wilkinson (2005) could be used but the real problem that smaller contractors face is
weighing up the cost of implementation against the potential benefits that could accrue from
implementing such ICT. However, before the implementation of ICT into the process there are
other issues that need to be addressed.

A major problem with health and safety at the SME level is one of cost of undertaking the
requirements for compliance. For an SME the costs are “disproportionably expensive” when
compared to a larger contractor. A larger contractor may have a whole team dedicated to health
and safety whereas for an SME the onus will often fall on the office staff or senior management.
One potential solution to this could be the introduction of a health and safety section to a contract
such as JCT. This would mean that all health and safety requirements, including roles and
responsibilities of all stakeholders in the project, would be made explicit at an earlier stage. If this
contract was then made available in an electronic format it could reduce the costs to the contractor
significantly. The electronic format would also cut down the time of everybody sending the copies
of documents through the post to sign. Standardisation not disorganization.

An electronic copy of the joint contract and health and safety plan should take away the
requirement of not only satisfying the need for legal compliance, but it should also provide a
process of allowing the contractor to actually spend more valuable time conducting the works
under a safe working environment. Health and safety in action.

As with all ICT implementations that may improve more traditional processes they should not be
introduced in isolation. The introduction of ICT into any health and safety process should also
include appropriate training of those who will be gathering, manipulating and publicising the
information for the project. This is often an area where many ICT implementations fail as
highlighted by et al., (2003).

In the UK on any construction project, under the 1994 Construction (Design and Management)
Regulations (CDM), the client and project team must produce a variety of health and safety
documents during and after construction. One such requirement, the Health and Safety File, has
traditionally been a substantial, comprehensive and expensive-to-produce library of documents.
Collation requires extensive inputs from across the project team; often the File can fill over 20 thick
ring-binders, and several copies of the whole File may be required and disseminated. Typically, the
File is not completed until weeks, even months after the project handover. Once compiled, the File
is passed to the client, who must then store it, maintain it and make it available to anyone needing
information about the facility — whether for routine operation and maintenance or for long term use,
for example: major alteration works. If the client sells all or part of the facility, the File, updated to
reflect any further works, must be passed to the new owner. It is, therefore, a key part of a built
asset’s whole life documentation.



Many project extranet providers now provide a service as part of their ICT project collaboration
platforms to streamline the process of putting together this Health and Safety File. A typical
example has been provided by Wilkinson (2005) using the Building Information Warehouse (BIW)
project extranet. He describes “...building on information already routinely exchanged using its
collaboration platform, BIW and Sainsbury’s developed a system capable of producing an
electronic Health and Safety File which is CDM-compliant, faster, easier and cheaper to compile,
maintain and update, and is more accessible to facilities management (FM) staff who need to
manage post-construction operation and maintenance processes throughout each built asset’s
whole life...”

CONCLUSIONS

The work presented in this paper has shown research and development activities that aimed to
assist organisations (or organisational units) to plan and implement collaborative working more
effectively. The research has determined that there are sporadic examples of balanced
approaches to collaboration being implemented in the construction sector. However, these rarely
take into consideration the business process or human/organisational issues. A need was clearly
identified through the questionnaire and interviews conducted in the PIECC project for a more
balanced approach to planning and implementing collaborative working. Developments in the
PIECC project now provide the industry with a framework to allow effective collaborative working
to be planned and implemented in projects.

Using this framework and introducing collaborative working into projects does have its benefits.
One area where there seems to be a lack of e-tools is health and safety. This paper has shown
some of the issues associated with introducing such an approach into SMEs and larger
contracting organisations. There is clearly a need for more work in this area — particularly at the
SME level. As the SME contractor (who was interviewed) said “...the SME should stop being a
health and safety consultant and get back to what they do best — being a builder!!!...”.
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EVALUATION OF MODEL CLIENTS IN THE AUSTRALIAN
CONSTRUCTION INDUSTRY

Timothy French, School of Property Construction and Project Management, Royal Melbourne
Institute of Technology, Melbourne, Victoria, 3000 Australia

ABSTRACT

The construction industry presents a number of unique and challenging problems areas that hinder
safety performance. Construction projects are inherently dangerous, complex, highly fragmented
and multi-organizational. The temporary nature of construction work, the changing work
environment and high-degree of subcontracting result in unsafe work environments. Whilst these
challenges are well recognised within the construction literature there is a lack of empirical
evidence identifying how clients can affect the level of safety performance and safety culture of
project environments.

The aim of this research is to examine the influence of Model Clients on safety performance within
Australian construction projects. Specific objectives are: 1) To evaluate the effect of the Federal
Safety Commissioner Model Client Framework on safety performance; and 2) To identify the effect
of different procurement methods on the implementation of the Model Client Framework. The
establishment of dedicated theory for Model Clients within the construction industry would improve
understanding of the challenges and how to overcome them.

Despite a significant amount of research into the potential influence of various stakeholders
(Clients, Designers, Engineers, etc.) on safety performance, there is limited empirical evidence that
examines what impact clients can have on safety performance. Furthermore there is a need to
examine the effect of the Model Client Framework on safety performance within the Australian
Construction industry.

Keywords: Model client behaviour, Safety performance, Procurement

INTRODUCTION

The Australian construction industry performs relatively poorly in Occupational Health and Safety
(OHS). Over the past 30 years, due to increased responsibility (legal/financial/social), improved
technology, and a better understanding of OHS risks, the Australian construction industry has
significantly improved safety performance. Despite this, the Australian construction industry
continues to make the same mistakes, recording an unacceptable number of fatalities and
compensated injuries each year. In 2006-07 the Australian construction industry recorded a fatality
rate of 7.8 fatalities per 100,00 employees, three times the national average of 2.5 fatalities per
100,000 employees for all industries (ASCC 2008). These figures reveal an industry hampered by
a number of unique and challenging problem areas. There is need for significant improvement in
order for the Australian construction industry to demonstrate best practice.

In response to the poor safety record of the construction industry, this paper reports on a research
project in its initial stages. The overall objective of the research project aims to empirically evaluate
the impact of model clients on safety performance. More specifically the research aims to evaluate
the impact of the Australian Federal Safety Commissioners (FSC) ‘Model Client Framework’ on
safety performance of construction projects. In addition, the research will examine the effect of
varying project delivery strategies (i.e. Traditional, Design and Build, Alliance) on the effectiveness
of implementing the ‘Model Client Framework’. This paper explores the roles of clients in accidents



causation and their potential to engage in OHS. It is believed that Clients have great potential to
influence safety performance within construction and drive the cultural change needed to further
improve industry performance.

BACKGROUND

The construction industry plays a significant role in the development and growth of world
economies. Employing hundreds of thousands, construction workers “build our roads, houses, and
workplaces and repair and maintain our nation’s physical infrastructure” (Behm, 2008). In
Australia, the construction industry employs around 9% of the population and contributes
significantly to the economy GDP. Whilst construction is instrumental to a nations economy, there
are a number of unique and challenging problem areas that hinder safety performance and result
in serious social and financial consequences. Within Australia, improvements in construction
safety performance are estimated to generate $2.3 billion dollars annually, a 1% increase in GDP
and a 1% decrease in the cost of living for all Australians (Department of Employment and
Workplace Relations 2003; 2005). Although there are significant costs associated with workplace
accidents, more important are the social consequences associated with workplace fatalities and
injuries. The stress and emotional trauma related to workplace accidents can have devastating
effects on families, friends and colleagues of injured employees.

Over the past decade the Australian construction industry has seen a plateau in safety
performance. As a result, there is a need to adopt new approaches in managing safety in order to
reduce the number of accidents and fatalities being recorded on construction sites. In order to
achieve best practice in the Australian construction industry, it will require a ‘whole of industry’
approach to managing safety, whereby all stakeholders are invested in managing, controlling, and
eliminating OHS risks throughout the lifecycle of construction projects. This will require all project
stakeholders (Clients, Owners, Designers, Contractors, Sub-contractors and Suppliers) to work
collaboratively towards achieving a common goal — zero injuries and fatalities.

ACCIDENT CAUSATION

In order to prevent accidents from occurring on construction sites, it is vital to have a clear
understanding of the circumstances that lead to and cause accidents. Through developing models
of accident causation, appropriate preventative measures can be developed. However, accident
causation is a complex issue that requires thorough investigation of workplace accidents in order to
determine both direct and root causes. Although there are a number of varying models of accident
causation, Suraji et al. (2001) highlights that there are two vital questions that need to be answered
in order to determine accident causation — How do accidents happen? and Why do accidents
happen?

Original models of accident causation focussed largely on the individual and the environment as
direct causes of accidents. Heinrich’s (1931) influential ‘Domino’ theory proposed accidents were a
result of either/or unsafe acts and unsafe conditions (Cooper 2001). Similar theories during the
same period considered accidents a result of deficiencies in human behaviour preceded by social
and environment factors. Heinrich’s ‘Domino’ theory has formed the basis for many models of
accident causation. For example Adams’ (1976) accident causation model introduced upstream
factors (i.e. management and organisational issues) as contributing causes of accidents (Cooper
2001). Bird’'s (1974) modified domino theory emphasised management and organisational aspects
as fundamental underlying factors in accident causation. Bird’s model acknowledges that if
management control is not addressed, then accidents will continue to occur — regardless of worker
traits (Cooper 2001).

In contrast to the ‘domino’ theory, ‘Human Error’ theories recognise the predisposition of humans
to make mistakes in a number of situations and in different environments (Abdelhamid et al. 2000).



Reason (1990) acknowledges that humans will make mistakes, but by adopting a holistic
organisational approach, an organisation should allow for human error and provide defences
against the accident from occurring. Therefore, while actions of the worker may contribute to an
accident, other organisational issues must be considered central to the consequence/outcomes.

Although there has been significant research into accident causation, research specifically relating
to construction has not received the same attention (Haslam et al. 2005). Although previous
studies have been able to analyse and interpret data collected from accident reporting schemes,
these methods are troubled by poor data collection and classification (Haslam et al. 2005). Lingard
et al. (2009) commented, “Contemporary models of accident causation recognise the importance
of organisational issues and management actions in contributing to workplace accidents”. Through
root cause analysis, studies have identified professional and managerial failures as common
characteristics in accident causation. The HSE (2003) and Bomel (2001) refer to the planning and
design stages as notable phases in which professional and managerial failures will occur.

Suraji et al. (2001) developed an accident causation model to describe the various contributing
factors experienced by all parties throughout all stages of a construction project. Suraji et al.
adopting a ‘human error’ approach recognised the inherent nature of humans to make mistakes at
all levels of an organisation. They proposed a general model of accident causation in which
undesired events or accidents were a direct result of ‘Proximal Factors’ (‘Situation or condition in
event area’ and ‘Inappropriate operative actions or responses’) caused by ‘Distal Factors’
(Constraints and Responses). Suraji et al. stress that all participants involved in the construction
process can influence safety performance.

While there are limited studies of accident causation within the construction industry, there is a
relatively good understanding of the direct and root causes of accidents within construction
(Haslam et al. 2005). Gibb et al. (2001) emphasise root causes of construction accidents occur
well before construction activities begin which requires the risk assessment process to be initiated
first by the owners (Clients) then by the designers.

ROLE OF THE CLIENT IN PROMOTING OHS

Within the temporary organisations formed to complete construction projects, clients are integral to
the overall characteristics and operation of the project. Clients are key to establishing a project
and will determine the delivery strategy, project finances, expected completion time, expected
quality of the finished product and main contractor to build the project. The objectives and
requirements, as set out by clients, have been identified as significant root causes of construction
site accidents (Lingard et al. 2009). Depending on the project delivery method, the designers will
be motivated to consider OHS and constructability in their design (Lingard et al. 2009). In this
context, the client has significant influence over the construction project and possesses an
opportunity to affect the outcomes of safety performance of the project (Bomel, 2001). Lingard et
al. (2009) highlight clients have the largest potential to “drive cultural change needed to bring about
further improvements in OHS in the construction industry”.

Each stakeholder involved in a construction project has a specific role to play in managing site
safety and controlling risks associated with construction activities (Toole, 2002; Gambatese 1996;
Huang and Hinze 2006). Although clients and designers do not have direct control over the
construction site and employees, there is still significant room to influence site safety and
performance. Designers can influences site safety by considering constructability of their designs,
and promoting safe construction processes and procedures. Clients of construction projects can
play a significant role in influencing site safety of construction projects through selecting safety
contractors and completing site safety walks.

The following provide examples of Legislation, Guidelines, Standards and Industry tools that
establish roles and responsibilities for clients in regard to OHS or provide a framework for clients to
actively engage constructio