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EXECUTIVE SUMMARY 

 

This project focuses on the risks to small workgroups at, for the most part, transient sites 
where the formal safety controls are less elaborate than for large group, longer-term work. 
While the scope of the project included only VicRoads employees who undertake some of 
their duties in close proximity to traffic, the safety issues that have been identified are 
likely to be the same for all small workgroups working on or near the roadway, whether 
they are contractors working for VicRoads or local government employees or utility 
workers.   

1. Size and nature of the problem 

• Accurate Australian data on the number of employees killed or injured while working 
in small workgroups on or near the roadway was not able to be obtained from Coronial, 
workers compensation or road crash databases.   However, the large number of workers 
at risk suggests that serious incidents are likely to occur at some time. 

2. Published evaluations of safety measures 

• Roadworks speed signs result in about half of the drivers slowing down and measured 
mean speeds are often markedly greater than the signed speed limit.  Many drivers 
report failing to notice the signs.   Increases in penalties for speeding through 
roadworks seem to have little effect.  Variable message signs and speed feedback 
appear to produce speed reductions similar to those of Police presence.   

• The most commonly evaluated measures to increase the visibility of workers related to 
high visibility clothing, particularly safety vests.  There is general agreement that 
fluorescent red-orange and/or fluorescent yellow-green are the most effective colours.  
The addition of retroreflective material confers no real advantage when used in 
daylight but this allows the same vest to be worn when light levels are low.  

• Other safety measures that have been shown to be effective in evaluations include 
truck-mounted attenuators (where appropriate), flagger training, high intensity flashing 
lights on stop/go signs and flashing arrows on the back of trucks.  Beacons to attract 
attention to worksites were ineffective in reducing vehicle speeds.   

3. Estimation of hazards to VicRoads employees 

• The behaviours of employees and measurements of the speed of passing traffic were 
observed at metropolitan and rural worksites.  In addition, a survey of all VicRoads 
employees identified as working on or near the road was undertaken. 

• Working alone or in very small groups was considered to be a high-risk activity 
because conspicuity of the worksite was generally low, speeds of passing traffic was 
generally not reduced and there was limited safety equipment. 

• Land Information and Survey employees spend more time on or near the roadway than 
other employees, work without someone to control the traffic and their worksite has 
little conspicuity.  Not surprisingly, they feel safe less often and are more concerned 
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about traffic passing too fast and too close and more often feel tense when passed by 
traffic.   

• Program Development and Delivery employees more often work alone than other 
workers and their worksite has little conspicuity.  They tend to have adverse feelings 
when passed by traffic. 

• Works employees often have someone to control the traffic and the larger size of the 
workgroup and the presence of machinery tend to make their worksites more 
conspicuous.  The level of risk for Works employees may be lower than for employees 
of Land Information and Survey or Program Delivery and Development. 

• Transport Safety Services employees work without someone to control the traffic, their 
worksite has little conspicuity or advance warning and it may not be recognised for 
what it is by passing motorists and they work at night much more than other work 
areas.  Lack of conspicuity is one of the largest concerns of Transport Safety Services 
employees. 

4. General recommendations to improve the safety of employees working on or 
near the roadway 

• Wider use of traffic management contractors or blocking off part of the road to traffic 
should be considered (particularly for Land Information and Survey and Program 
Delivery and Development) to reduce the exposure of employees to passing traffic.  . 

• Increased use of variable message signs and speed feedback to ensure that passing 
traffic is travelling at a safe speed.  The possibility of use of speed enforcement devices 
(such as fixed speed cameras) at roadworks should be discussed with other agencies. 

• Many employees suggested education of motorists in terms of correct behaviour at 
roadworks, the legal status of roadworks speed limits and the location and reason for 
roadworks.  Public education approaches should be developed in conjunction with 
other agencies (e.g. Victorian Workcover Authority, Transport Accident Commission). 

• Levels of maintenance of safety equipment need to be improved.  Regular inspections 
of safety equipment should take place and there should be criteria for assessing if 
equipment is no longer fit for use. 

5. Specific recommendations to improve the safety of employees 

Land Information and Survey: 

• Reduce the exposure of employees to high volumes of traffic by doing work 
outside high volume hours, using traffic management controllers or closing lanes or 
roads. 

• Assess whether more specific signage (e.g. “surveyor ahead”) signs would be 
useful and investigate the barriers to their use.   
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Program Delivery and Development: 

• Assess the adequacy of communication procedures in rural areas (e.g. the need for 
CDMA, rather than digital telephones). 

• Consider the introduction of video-based technologies to reduce the amount of time 
spent travelling at slow speeds to inspect road surfaces. 

• Consider the use of white cars in rural areas to improve visibility. 

• Consider an allowance for snacks in rural areas to promote rest breaks on long 
trips. 

• Develop lightweight and stable signs that can be placed in car boot. 

• Assess whether the level of job-specific training is adequate. 

Works: 

• Reassess the training of flaggers to incorporate methods of reducing speeds such as 
eye contact and movement of the bat. 

• Consider improvements to stop/slow bats, such as flashing lights.   

• Consider whether the “slow” bat should indicate a specific speed limit. 

• Develop and trial a lightweight boom-style barrier that could be used instead of 
stop/slow bats. 

Transport Safety Services:  

• Trial the use of lime-yellow versus standard issue VicRoads vests to assess whether 
the lime-yellow vests produce more appropriate behaviours by motorists. 

• Reassess the colour of the uniform in terms of conspicuity (particularly in low light 
conditions). 

• Investigate issues related to night-time conspicuity to assess whether additional 
high visibility clothing is needed. 

• Review the colour, size and flash characteristics of flashing lights for daylight use. 

• Assess the consistency of use of protective equipment and other practices across 
regions. 

• Instruct TSS employees not to climb on truck driver’s side door. 
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1.0 INTRODUCTION 

1.1 BACKGROUND 

The safety of workers undertaking work on roads in use is recognized as a high priority 
issue for the road authorities, for the workers' compensation insurances and, especially, for 
the exposed workers themselves and the organisations who represent them.  

The perceived risks involved in undertaking construction, maintenance, enforcement or 
survey work in close proximity to high speed traffic are high, and there are obvious 
compromises between traffic flow, acceptable risks exposure levels, and equipment and 
resource levels associated with such work tasks, which must be optimised. 

This project focuses on the risks to small workgroups at, for the most part, transient sites 
where the formal safety controls are less elaborate than for large group, longer term work 
sites. Both urban and rural situations are examined. 

The project comprises a study of the hazards involved in the activities of small workgroups 
on roadways, an assessment of the different risks associated with these hazards, and a 
systematic evaluation of suitable potential risk controls and countermeasures in relation to 
these risks. 

1.2 AIMS OF THE PROJECT                       

This project aims to identify and assess the risks to the safety of workers who are members 
of small groups working in close proximity to traffic and to propose measures to reduce 
these risks.   

1.3 SCOPE OF THE PROJECT 

The original emphasis of this project was on workers undertaking construction, 
maintenance or survey work in close proximity to traffic.  However, after commissioning 
the project, VicRoads became aware that a wider range of their employees undertake some 
of their duties in close proximity to traffic.  These include staff in: 

• Transport Safety Services  

• Land Information Services 

• Geopave 

• Traffic and Road User Management 

• Program Development and Delivery 

Therefore the scope of the project was extended to include all VicRoads employees who 
undertake some of their duties in close proximity to traffic.  The revised scope specifically 
excludes employees of contractors (prime or sub) or local government employees.  
However, the findings may apply to other workers such as contractors, local government 
employees and others who work on roadways in small groups (less than six persons). 
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1.4 STRUCTURE OF THE REPORT 

The project comprised the following stages: 

1. a review of literature and international practice 

2. an examination of the risks to VicRoads employees 

3. analysis of potential risk controls 

1.4.1 Literature review 

The literature review concentrated on finding all available scientific information on  

• the relative size and severity of the problem in Australia and overseas.  While this 
search will span all roadworks safety, the focus will be on the implications for small 
work group’s safety in both urban and rural settings. 

• risk perceptions, behaviour and decision making among exposed workers, road users 
and road authorities in relation to small workgroups on roadways, 

• equipment and practices used by small workgroups on roadways. 

1.4.2 Examination of risks to VicRoads employees 

The examination of the risks to VicRoads employees included 

• interviews with workers 

• observations of sites, workers and supervisors 

• measurements of speeds of drivers passing work sites 

• a questionnaire distributed to workers  

Informal discussions were also held with representatives of unions and contractor 
organizations. 

1.4.3 Analysis of potential risk controls  

The list of potential measures generated during the empirical phase of the project was 
analysed in relation to the type of work task, the risk level assessed, the crew size and 
resources needed for the task and the number and severity of incidents prevented.  

1.5 DEFINITIONS  

1.5.1 Definitions in Australian Standards 

According to AS1742.3, a work site “is that length of road or bridge which includes the 
area where the work if being undertaken and any additional length of road or bridge 
required for traffic control including signs, tapers, traffic lights and other devices. It is 
made up of five smaller areas: 
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• Advance warning area: where the advance warning signs begin 

• Transition area: where traffic is guided around the work area, usually using cones 
set up in a taper. 

• Buffer area: unoccupied area between the transition and work areas, space for an 
out of control vehicle to pull up before reaching the work area. 

• Work area: where the work is undertaken, closed to traffic. 

• Termination area: traffic has cleared the work area and guided back to normal 
traffic lanes.   

 

 

Figure 1.1. Components of a works area according to AS1742.3.   

1.5.2 Definitions in United States standards 

In the United States, the Manual on Uniform Traffic Control Devices (MUTCD) is the 
most important influence on construction activities, including practices and devices (Pratt, 
Fosbroke and Marsh, 2001).  It has just been republished as a ‘Millennium Edition’. 

The United States Federal Highway Administration uses the following definitions (FHWA, 
2000):  

Work space: The “portion of the highway closed to road users and set aside for workers, 
equipment, material, and a shadow vehicle if one is used upstream. Work spaces are 
usually delineated for road users by channelling devices, or to exclude vehicles and 
pedestrians, by temporary barriers. The work space may be stationary or move as the work 
progresses” (MUTCD, Section 6C.06). 

Work zone: “The area between the first warning sign and the last traffic control device, as 
well as non-roadway areas (e.g., shoulders and drainages), and ancillary areas that serve as 
staging areas, or support areas for the work zone (e.g., temporary batch plants)”. This 
definition is broader than the work zone described in the MUTCD, which does not include 
ancillary areas that serve as staging areas, or support areas (e.g., temporary batch plants) 
for the work zone. 

The FHWA’s (2000) broadening of the MUTCD definition for a work zone reinforces 
Turner’s (1999) assertion that there is a lack of nationally (in the United States) recognised 
and agreed upon definitions of work zones or work zone accidents. Turner points out that 
this means that the true impact of work zones on crashes is unknown, as is the true fatality 
count.  Turner quotes an unpublished study in Michigan that indicates that as many as 77% 
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of accidents occurring within the limits of four selected work zones were not recorded as 
work zone accidents.  

As an illustration of the complexities of defining a work zone, there is some question as to 
whether the queue of traffic caused by the works should be included in the work zone – it 
may be outside of the works signs, but is still a consequence of the works. The difficulty is 
that the end of the queue would be ever changing.  

Particularly pertinent to this study is that mobile work zones do not easily fit the same 
definitions used for longer-term works.  For example, using the first and last signs that 
signify the works may not be sufficient if the first sign is mounted on the works truck used 
to fill potholes.  There may not be an ‘end works’ sign at all if all works are confined to the 
location of the truck. 

Turner (1999) suggests the following definitions: 

Work Zone  

A work zone is an area of a trafficway with highway construction, maintenance, or utility-
work activities. A work zone is typically marked by signs, channelling devices, barriers, 
pavement markings, and/or work vehicles. It extends from the first warning sign or 
flashing lights on a vehicle to the ‘End of Road Work’ sign or the last traffic control 
device. A work zone may be for short or long duration and may include stationary or 
moving activities.  

Inclusions:  

• Long-term stationary highway construction such as building a new bridge, 
adding travel lanes to the roadway, and extending an existing traffic-way.  

• Mobile highway maintenance such as striping the roadway, median, and 
roadside grass mowing/landscaping, and pothole repair.  

• Short-term stationary utility work such as repairing electric, gas, or water lines 
within the trafficway.  

Exclusions: Private construction, maintenance, or utility work outside the traffic-way.  

Work Zone Accident  

A work zone accident is a traffic accident/crash in which the first harmful event occurs 
within the boundaries of a work zone or on an approach to or exit from a work zone, 
resulting from an activity, behaviour, or control related to the movement of the traffic units 
through the work zone.  

Inclusions:  

• Collision and non-collision accidents occurring within the signs or markings 
indicating a work zone.  

• Collision and non-collision accidents occurring on an approach to, exit from, or 
adjacent to work areas and that are related to the work zone.  
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Exclusions: Single-vehicle accidents involving working vehicles not located in the traffic-
way.  

Some examples of exclusions are:  

• A highway-maintenance truck strikes a highway worker inside the work site.  

• A utility worker repairing the electrical lines over the traffic-way falls from the 
bucket of a cherry picker. 

1.5.3 European definitions 

One of the few European references uncovered on the subject was a European Union (EU) 
project – Advanced Research on Road Work Zone Safety Standards in Europe (ARROWS) 
– which was set up primarily to achieve consistency amongst the EU jurisdictions in 
regards to roadworks and develop a minimum set of standards.  It defines a road work zone 
as the part of a road facility influenced by works occurring on, near or above it and extends 
to the complete area, including signs, markings and protective devices.  It goes on to 
develop a categorisation method, of which short-term stationary and short-term mobile 
works are included as separate categories along with long-term works.  

The definitions outlined describe roadworks in terms of construction/maintenance 
activities.  For the purposes of this project, the definition needs to be broadened to 
something more like ‘works that are carried out on the roadway’.  In this way workers who 
carry out other tasks are included.  For example, law enforcement officers (Police and 
other traffic authorities and council bylaws officers) are exposed to similar kinds of risk 
when they are dealing with a motorist they have pulled over to the side of the road – the 
officer has become a pedestrian adjacent to passing traffic while he/she is taking a driver’s 
details, administering a blood alcohol test or carrying out other duties.  The enforcement 
vehicle (if one is present) may be the only warning that an approaching driver has of a 
vulnerable pedestrian.  Furthermore, officers are not likely to be wearing any particularly 
conspicuous clothing such as a fluorescent vest over their uniform, and they may be in this 
vulnerable position at any time of the day. 
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2.0 SIZE AND NATURE OF THE PROBLEM 

While this project focuses on the safety of small workgroups on roadways, much of the 
available information does not distinguish between work undertaken on roadways in terms 
of the size of the workgroup or between the safety of workers and other road-users.  In 
addition, much of the published research relates to roadworks in terms of construction and 
maintenance of roads, rather than other activities undertaken on the road (e.g. planning for 
possible future works, enforcement of regulations). 

2.1 GENERAL ESTIMATES OF THE SIZE OF THE PROBLEM 

2.1.1 Australia-wide 

The National Occupational Health and Safety Commission (NOHSC) was contacted 
regarding workers compensation claims by employees working on the road.  They stated 
that it was not possible to identify the occupations of relevance to this study using a unique 
classification code.  The Australian Classification of Occupations (ASCO1) provides the 
following occupations that may be relevant: 

Paving and Surfacing Labourers perform manual tasks to spread, level, and compact 
bituminous and other paving material on roads, runways or parking areas, as part of 
construction or maintenance programmes.  They may supervise occupations in this unit 
group. 

Other Mobile Plant Operators (Except Transport) covers occupations not elsewhere 
classified in this group, e.g. Cable Ferry Operators, Military Aircraft Handler, Road 
Linemarker, Road Sweeper Operator, etc. 

Mechanism of injury would be classified as “being hit by a moving object” for many road 
traffic accidents but this code also includes being hit by projected objects such as splinters.  
The classification of mechanism of injury “vehicle accidents” excludes pedestrians. 

An analysis of Australia-wide workers’ compensation data for 1998-99 identified 19 
Paving and Surfacing Labourers and less than 5 Other Mobile Plant Operators (Except 
Transport) who had been hit by moving objects.   

2.1.2 Victoria 

Information regarding road crashes involving people working on the roadway should be 
recorded in both road crash and workers’ compensation databases.  Information about fatal 
crashes in which people working on the road were killed should also be recorded by the 
State Coroners Office.  However, no relevant deaths could be identified on the Coroner’s 
database.  The Registrar noted that there would have been some but that they could not be 
easily extracted from other motor vehicle fatalities or industrial deaths. 

Analysis of WorkCover data 

The Victorian WorkCover Authority (VWA) kindly provided information on workers’ 
compensation claims that may have arisen from motor vehicles striking employees who 
were working on roadways.  The VWA confirmed that there was no specific occupational 
code or codes that would apply to employees working on roadways and no way of 
identifying that employees were part of a small workgroup.   
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Two approaches to identifying relevant claims were trialled on claims data from 1998 to 
2000.  The first approach consisted of selecting all claims where the words “roadwork” or 
“roadworks” or “road” or “street” were contained in the free-text descriptions of the 
incident.  This identified 88 claims but none of these claims appeared to involve motor 
vehicle crashes with workers on roadways. 

The second approach was to identify a small number of WorkCover Insurance 
Classification (WIC) Codes that might contain relevant cases.  The WIC code classifies the 
worker’s insurance premium type and provides a categorisation of the type of work being 
undertaken by the individual at the time of their injury.  The WIC codes chosen were: 

• E4131X – Road and bridge construction or general repair 

• E4135J – Non-building construction N.E.C., private sector 

• E4136K - Non-building construction N.E.C., non-private sector 

• E4254X – Earthmoving & dredging (including hire of earthmoving equipment) 

In the claims data for 1998 to 2000, there were 453 claims with these WIC codes.  
Examination of the data identified six cases that were probably of interest and an additional 
five that possibly were relevant. 

From the 1992-2000 claims data, VWA extracted 2,988 separate injury incidents where the 
WIC code may have indicated an individual who works on the road as a pedestrian.  The 
data file also contains a variable that categorises incidents according to the type of injury, 
and another field that contains a text description related to the incident. The latter field 
provides valuable information for interpreting the circumstances of the injury in some 
cases, and in others the content is too vague to be of much use for the current analysis. 

Both the text field and the type of injury field were examined for each record to determine 
the likelihood that the incident was directly relevant to the current project. Of the 2,988 
incidents, 2,864 were considered unlikely to have been a pedestrian roadworker interacting 
with traffic. A further 60 cases had words or phrases such as “unknown” and “other type of 
accident” in the text field, and so were classified as unknown for the current analysis. In 55 
instances the injury may be relevant to the project but the data was insufficient to be any 
more certain; for example it may only indicate that the worker was “struck by a moving 
object”.  

The data only highlighted nine cases where the incident was highly likely to be one of 
interest (although not all will definitely be an injury due to interaction between a pedestrian 
roadworker and traffic).  The nine injuries cost WorkCover $879,903.  The occupational 
classifications represented were  “Other construction workers” (4), “truck drivers and 
transport workers” (2), “Farmers, nurserypersons, gardeners etc.”, and “Tilers, pavers, 
stonemasons, concreters”, and “Secretaries, bookkeepers, clerks etc.”. 

Road crash data 

In 1986, there was a change in the accident reporting procedure which eliminated the 
requirement for police to indicate whether an accident occurred in a roadworks zone 
(VicRoads, 1990).  Reporting of this is now optional.  This means that the number of 
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crashes in roadworks zones in Victoria is probably significantly underestimated in the 
crash database. 

VicRoads uses a numerical system for categorising crashes that provides some detail as to 
how a crash occurred. The structure is called the Definitions for Classifying Accidents 
(DCA) coding system. Two particular codes that could denote a crash involving roadworks 
are DCA codes 103 – ‘playing, working, lying, standing on carriageway’ – and DCA code 
165 – ‘temporary roadworks’; belonging to the DCA categories ‘Crashes that involved a 
pedestrian’ and ‘Crashes between a vehicle and an obstacle in the path of travel’ 
respectively. However, it should be noted that the definitions for ‘roadworks’ as recorded 
in the database have been coded subjectively by the police officers attending the scene. 
Likewise, if the crash is not between works or speed limit signs the decision as to whether 
to associate the crash with the works is also subjectively made by the attending officer (this 
problem is discussed elsewhere in relation to the US statistics).  

During the period 1996-2000, 40 individuals were identified by DCA code 165 who were 
aged between 15 and 60 years of age – an arbitrary estimate of the likely age of 
roadworkers. 

In summary, Victoria’s road crash data file does not directly identify small workgroups 
working in the roadway, and so does not allow an accurate estimate of the number of 
traffic fatalities within this group. Some rudimentary analysis has been conducted to 
estimate the possible size of the problem but there is no way of knowing how accurate it is. 

2.1.3 The United States 

Statistics on work zone fatalities and injuries are recorded in the United States, but no 
distinction is made between transient and long-term work zones. Pratt, Fosbroke and 
Marsh (2001) provide a summary of fatalities involving United States highway 
construction workers. Between 1992 and 1998 there were 841 construction worker 
fatalities, where 492 occurred in a construction zone. In 318 of these cases a worker on 
foot was struck by a vehicle – a similar number of workers were struck by a passing car 
(152) as by a construction vehicle (154), the latter primarily involving reversing vehicles. 
For those workers struck by passing traffic, a similar number were cars (43%) as were 
trucks (47%).  In all but 13 of the incidents involving a passing vehicle, the vehicle 
intruded into the workspace before striking the worker. In 108 cases the activity of the 
worker was recorded – 41 were repairing the road, 27 were flagging and 24 were setting 
out or moving traffic control devices. It is not mentioned whether any of the vehicle 
occupants were injured or killed in the crash. 

In 1996 133 highway workers were killed in work zones. Around 35% of these highway 
worker fatalities were directly related to traffic moving through the work zone. Work zone 
fatalities have remained relatively consistent – 684 in 1980 to 719 in 1996 – ranging 
between 489 and 833. Total number of fatalities is used as no calculation has been 
performed to examine rates due to the difficulty in determining an appropriate 
denominator. 

The workers are not the only unprotected parties. According to the United States Federal 
Highway Administration website (safety.fhwa.dot.gov/fourthlevel/pro_res_wzs_facts.htm), 
on average from 1994 to 1998, 16% of the fatalities resulting from crashes in work zones 
were non-motorists (cyclists and pedestrians) (see Table 2.1).  
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In addition to the fatalities, approximately 37,000 injuries resulted from motor-vehicle 
crashes in work zones in 1996 (FHWA, 1998, Turner, 1999) (see Table 2.2). 

Table 2.1 Fatalities in United States work zone crashes by person type – 1994 to 
1998  (from FHWA, 1999). 

Person type 1994 1995 1996 1997 1998 5-Year Average 
Motor vehicle 
occupant 

700 652 584 600 658 639 84% 

Non-motorist 128 137 133 93 114 121 16% 
Total 828 789 717 693 772 760 100% 
Source: NHTSA’s Fatality Analysis Reporting System. 

Table 2.2 Injuries in United States work zone crashes by person type – 1995 to 1998 
(from FHWA, 1999). 

Person type 1995 1996 1997 1998 4-Year Average 
Motor vehicle 
occupant 

40,000 36,000 35,000 38,000 37,000 97% 

Non-motorist 2,000 1,000 1,000 1,000 1,000 3% 
Total 42,000 37,000 36,000 39,000 38,000 100% 
 

In New York 22% of all serious roadworker injuries and 43% of fatal roadworker injuries 
resulted from traffic crashes (Bernhardt, Virkler and Shaik, 2001). Two-thirds of the 
injuries to pedestrian workers occurred after vehicles intruded into marked workspaces and 
struck workers or flaggers. 

As might be expected due to the times that most work occurs, the majority of crashes at 
work zones occur during daylight hours (83-92%, according to Abraham and Bullock, 
2001).  According to Turner (1999), approximately 55% of work-zone fatalities occur in 
rural areas. 

According to the FHWA (1996) there is inconsistency in reporting methods and techniques 
such that it is likely that these statistics are substantial underestimates. For example, a 
particular state was examined for statistics before and after they changed from a non-
explicit to an explicit reporting system – i.e. the reporting forms were changed to include a 
section devoted to work zone crashes. In the non-explicit year 871 work zone crashes 
could be identified in an analysis of all variables; in the explicit year (after two intervening 
years) 5,132 work zone accidents were identified. It is not expected that other factors, such 
as an increase in exposure, can be used to explain the substantial difference.  

However, FHWA (1996) points out that even with the explicit reporting system there is 
still a subjective element in the police-reported crashes. A crash that occurs outside the 
actual work zone may have been due to the works (e.g. a long queue of traffic) but not 
attributed to the work zone as it did not occur within the zone signs, or the workers were 
not present at the time. Few jurisdictions seem to directly collect this information.  
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3.0 SAFETY MEASURES 

This chapter summarises published studies examining the effectiveness of different types 
of safety measures that have been implemented worldwide. 

3.1 STANDARDS AND GUIDELINES 

The primary document detailing standards for roadworks in Australia is the Australian 
Standard (AS) 1742.3 – Manual of Traffic Control Devices, Part 3, Traffic Control Devices 
for Works on Roads, published in 1996. Along with 13 other documents, this standard 
makes up AS 1742 – Manual of Traffic Control Devices.  Most state-based jurisdictions 
also have their own sets of operating procedures that complement the standard (or in some 
instances over ride it where state-based legislation dictates a specific difference from the 
standard).  

This section of the report provides a summary of AS1742.3 and examines the specific 
procedures published by some Australian states where they may differ from the standard. 
An overview of these and other documents will be provided, and specific elements of the 
documents surveyed will be highlighted as they relate to the current project – i.e. where 
they are specific to the safety of roadworkers operating in small workgroups. 

3.1.1 AS1742.3 

The Australian Standard 1742.3 – Manual of Traffic Control Devices, Part 3, Traffic 
Control Devices for Works on Roads was published in its current form in 1996 as a second 
edition. The first edition was produced in 1985. Standards Australia has released the draft 
for an updated version, dated 2001. However, as there is no indication as to the likely date 
that this version will supersede the 1996 document and the latter is still the standard, it will 
be the focus of this discussion.  

AS1742.3 is primarily concerned with the specifications for and use of signs and other 
devices used in roadworks to control or affect the movement of traffic in relation to the 
work site. However, other elements such as setting speed limits for the work site are also 
detailed. This discussion of AS1742.3 begins with an overview of the document, followed 
by some specific elements relevant to the current project. 

Overview of AS1742.3 

In its “principles” section, AS1742.3 specifies four basic principles that must be observed 
for roadworks (for both planned and emergency tasks): 

• Signs and devices shall be used in a standard manner and match the conditions at 
the work site. 

• Signs and devices shall be erected and displayed before work commences at a work 
site. 

• Signs and devices shall be regularly checked and maintained in a satisfactory 
condition. 

• Signs and devices shall be removed from a work site as soon as practicable. 
However, appropriate signs should remain in place until all work (including loose 



12             MONASH UNIVERSITY ACCIDENT RESEARCH CENTRE 

stone removal and line marking following bituminous surfacing) has been 
completed.   [p. 8] 

There is also a discussion of the need to have traffic control plans (TCPs), which, 
depending on the extent, length and complexity of the works and traffic interruption, can 
involve actually producing a drawing showing the placement of devices and intended 
works, traffic routes, separations of workers from the traffic, etc. These plans can use any 
of three alternatives for the movement of traffic, depending on circumstances: 

• Through the works area 

• Past the works area  

• Around the works area by a detour which may be via a sidetrack or an existing 
road. 

While stressing the safety of roadworkers, AS1742.3 stipulates that disruption to motorists 
should be kept to a minimum. This includes consideration of the amount of road to be 
closed to traffic, the peak traffic times, interference with public transport, and only closing 
the amount of road space required to safely carry out the works.  

The Standard states that road closures should be avoided where possible. However, when 
there is no alternative to the complete closure of a road, traffic delays should be 
minimized. A maximum delay of about 15 minutes is acceptable. If the delay is expected 
to be longer, the method of working should be altered or a detour or side track provided. 

High visibility clothing 

AS1742.3 requires that all workers wear high visibility clothing while on or adjacent to the 
travelled path or in other potentially hazardous areas. The garments must have sufficient 
retroreflective elements to ensure that the workers will be recognizable as human figures 
by approaching drivers. Additionally, workers should be visible to oncoming drivers for a 
distance equal to at least the stopping sight distance (ranging from 65 m at 60 km/h to 170 
m at 100 km/h on dry, level sealed pavements). 

AS1742.3 specifically addresses clothing for night and day use:  

(a) For daytime use—a vest or overall in either fluorescent red, orange or yellow. 

(b) For night use—a jacket or vest with a minimum area of 450 cm2 of white or yellow 
retroreflective material visible on the upper torso to front and to rear.  

A combination fluorescent/retroreflective material may be used for dual-purpose garments 
provided the above requirements are met. 

Signs and other devices 

An important issue is the extent of motorist compliance with roadworks signs.  AS1742.3 
emphasises the importance of only using necessary signs, and only using them when it is 
appropriate. For example, when the temporary or permanent need for a sign no longer 
exists, it should be covered or removed. This would apply when the nature of a hazard has 
changed or disappeared, or workers are no longer working at the site. 
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According to AS1742.3, signs and other devices should be placed about 1 m clear of the 
travelled path. Specifications are also provided for the height required for signs. 
Additionally, signs and devices must not direct a motorist to disobey a law unless an 
authorized person is present to direct traffic. 

AS1742.3 describes three types of traffic cones used for short-term works to define the 
traffic path through or past the work area: 

• Small cones: for both footpath works and use during line marking operations to 
deter traffic from running onto wet paint. 

• Medium size cones: most low-speed urban and rural applications. 

• Large cones: freeways and other high-speed applications. 

Specifications in regards to colour, retroreflective tape and dimensions are provided. 
Specifications are also provided for bollards. 

Signs that can be specifically used for advance warning are “workers ahead”, roadwork 
ahead” or “bridgework ahead”. Additional signs can be used, such as when the works are 
carried out on a freeway and extra distance is required for vehicles to decelerate. The 
advance distance to the signs depends on the type of works and the traffic speed.  

Advance signs are not  required in the following situations (p. 51): 

(a) Work is sufficiently remote from a roadway that no action or extra vigilance is 
required of a road user other than would be normally required on that section of 
road. 

(b) Approach speeds to the site are naturally so low that no devices physically in 
advance of the site are needed to give advance warning, i.e. positional signs and 
delineation devices at the site can be seen in plenty of time for a driver to take the 
necessary action. 

(c) When the roadway is occupied for less than five minutes by workers with a vehicle 
or item of plant equipped with a vehicle-mounted warning device with suitable 
sight distance. 

(d) If the effects of the works are confined to one direction of travel, and no special 
vigilance is required of drivers in the other direction, no advance signs are required 
for that direction of travel. 

When setting up a roadworks site, the furthest cones and other devices should be placed 
first and work in (and retrieval should occur in reverse sequence). While workers are 
placing or retrieving traffic control devices a works vehicle should be placed between the 
workers and the approaching traffic. 

Other issues 

The bulk of the Standard details the specifications and uses of standard signs and other 
traffic control devices. However, another issue is the colour and markings of works 
vehicles. According to the standard, these vehicles should be painted a distinctive bright 
colour that contrasts with the high-visibility clothing used by personnel.  
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AS1742.3 specifies when it is appropriate to set a speed limit for a works zone, and the 
personnel involved in such a decision. The standard stipulates that a speed limit zone 
should not be introduced unless it is either self-enforcing or likely to be enforced. 
Additionally, speed limits are not to be used where alternative means of traffic control such 
as advisory speed signing would be adequate, nor should they be used to avoid the 
necessity for some other more appropriate action, such as the use of a traffic controller to 
slow traffic. A set of criteria is provided by the standard for determining an appropriate 
speed limit for a particular job. 

The standard also discusses record keeping and start-up and close-down sequences of tasks 
for jobs that last for more than one shift. It also provides instructions for traffic controllers 
and their use of stop/slow bats. 

3.1.2 Australian Standards Field Guides for Traffic Control at Works on Roads 

At the time of its publication in 1996, AS1742.3 foreshadowed the production of a series 
of field guides in the form of handbooks, designed to assist appropriate personnel in 
determining a traffic control plan. Nine documents have now been produced with the 
Standards codes HB 81.1 through to HB 81.9. Their titles are as follows: 

• Short-term urban works, daytime only. 

• Short-term rural works, daytime only. 

• Mobile works. 

• Short-term night works. 

• Works on unsealed roads. 

• Bituminous surfacing works. 

• Short-term works on freeways. 

• Long-term partial roadway closures and detours on urban roads. 

• Long-term partial roadway closures and detours on rural roads. 

Each of these handbooks is a summarised version of AS1742.3 where it is relevant to 
specific types of works, such as mobile works. After detailing general requirements and 
standards, each document includes a set of general situations that might be found in the 
particular class of works. The individual responsible for preparing a traffic control plan for 
a particular job need only compare their requirements to the set provided in the handbook.  

If a match is found, then a ready-made traffic control plan, complete with required sign 
types and placements can be used immediately. This should save time and cost as well as 
increasing the likelihood that the actual work site set-up conforms to the required standard. 
The documents stipulate that should any inconsistencies or issues arise then the parent 
standard (AS1742.3) must be applied.  
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3.1.3 VicRoads Worksite Traffic Management 

VicRoads’ specifications document for roadworks is called “Worksite traffic management 
(Roadworks signing)”. It is divided into 10 parts: 

1. Code of practice: an overview of the document along with a description of how it 
fits in with relevant legislation. 

2. Traffic control devices for works on roads: the complete AS1742.3 is included with 
the document 

3. Portable traffic signals 

4. Worksite speed limits 

5. Traffic management audits 

6. Use of safety barriers 

7. Variation to AS1742.3 – stop/slow bat, background signs, additional signs 

8. Variation to AS1742.3 – barrier tape, traffic controller symbol, multi message signs 

9. Variation to AS1742.3 – high visibility clothing, cab mounted warning devices, 
electronic traffic warning devices, agency logos 

10. Variation to AS1742.3 – single traffic controller. 

This code is to be adopted by contractors and others undertaking works on the authority’s 
behalf. The VicRoad’s Foreword also encourages local councils to adopt the code for 
works on local roads.  

A copy of AS 1742.3 is included in the handbook, and VicRoads stipulates that the 
Australian Standard has only been modified to take account of specific Victorian 
legislation. The current version was produced in mid 1996.  

In relation to speed limits, the VicRoads document specifies that the only limits that can be 
applied are: 

• 40 km/h: for when pedestrian workers and plant operate in close proximity to 
traffic without an attenuating barrier for separation. 

• 60 km/h: for transition zones approaching a 40 km/h worksite limit or a 40 km/h 
worksite limit is not justified. 

• 80 km/h: for transition zones approaching 40 or 60 km/h worksite limits, or where a 
traffic controller or traffic signals are used, or after hours where temporary hazards 
significantly increase the crash risk for motorists. 

Where possible, the situation should result in the speed limits being self-enforcing.  

The VicRoads document also lists a number of modern devices not specifically mentioned 
by AS 1742.3, including a portable radar device that informs passing motorists that they 
are driving too fast, portable intrusion alarms and portable variable message signs. 
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3.1.4 NSW Roads and Traffic Authority (RTA) 

The NSW RTA has produced a “Traffic Control at Work Sites Manual” (TCWS Manual). 
This document was first published in 1995 and revised in 1998 to take into account 
Australian Standard 1742.3. The document aims to provide guidance regarding traffic 
control plans and procedures for traffic control to RTA workers and workers for 
organizations such as local councils and contractors who work on behalf of the RTA. 

The Foreword points out that under OH&S regulations employers are responsible for 
employee safety, along with that of contractors, visitors and the public at worksites under 
its control. It points out the “responsibility to ensure that road users are able to travel 
through, past or around…worksites in safety”, but that “of equal importance is the 
obligation to ensure that the workforce is able to work safely in the vicinity of road users 
and worksite plant” (p iii). 

The document consists of 12 sections: 

1. Policy: specifies the importance of the document and how it accompanies AS 
1742.3 

2. Introduction: describes when and how the specifications in the document should be 
applied, provides definitions, discusses training, audits, and raising public 
awareness.  

3. General procedures: classes of signs and their general specifications and uses, 
traffic control devices such as lamps and cones, general safety principles. 

4. Standard Traffic Control Plans: work sites, involvement of works supervisor and 
engineer 

5. Non standard TCPs: designing TCPs where a standard TCP is not applicable 

6. Record keeping and reporting: who reports what when 

7. Providing for works traffic: movement of works vehicles 

8. Traffic controllers and speed zones: the use of traffic controllers and speed zones 

9. Specific situations: notes for particular situations, such as night works, pedestrians, 
cyclists, etc. 

10. Portable traffic signals: description and use 

11. Flashing arrow signs: description and use 

12. References 

Most of the content of this document is based on AS 1742.3, although there are some 
differences. For example, the RTA guidelines discuss improving public awareness of 
roadworks and workers. It points out that motorists may not always understand or be 
familiar with all signs and devices. Also, drivers can lose respect for signs that are used 
incorrectly. It provides a list of potential methods of raising public awareness of worksites, 
including advertising, working with the police to enforce responsible behaviour, providing 
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education in schools, including material with registration and licensing renewals, and 
having a presence at public events such as shows. 

Appendices to the document provide typical worksites and situations and describe the 
relevant procedures, placement of devices, etc. The supervisor, engineer or responsible 
individual need only select the relevant situation and comply with the guidance provided. 
If the works to be undertaken do not conform to a typical scenario the next section 
provides guidelines for designing a traffic control plan for the situation. 

A section on non-standard traffic control plans (TCP) is included for when a standard TCP 
can not be enacted. This section provides guidelines for designing a TCP specifically for a 
particular situation. It includes recommendations for the use of specific signs and other 
devices and their placement. 

The NSW RTA specifies that for night works a traffic controller (the operator of a 
stop/slow bat) is to wear white overalls with reflective tapes or vests, and use white 
gauntlets or gloves with reflective tapes. 

In relation to speed limits, the RTA stipulates that where there are no intervening physical 
barriers between workers and traffic, the speed limit should be set at 60 km/h when 
workers are within 3 metres of the traffic, and 40 km/h when workers are within 1.2 metres 
of the traffic. 

3.1.5 Main Roads Western Australia 

Main Roads Western Australia’s principal document prescribing traffic management 
practice is the “Traffic Management for Roadworks Code of Practice”. The edition cited in 
this description was published at the end of 2000, and it replaced earlier versions from 
1996, 1999 and early 2000. The document is divided into 10 sections: 

1. Introduction 

2. Scope  

3. Approval to work within road reserves 

4. Authority to erect traffic signage and devices 

5. Responsibilities 

6. Use of signs and devices 

7. Variations to requirements of AS1742.3 

8. Training requirements 

9. Further information 

10. References 

Other than a small number of differences, this document is essentially a summary of some 
of the content of AS1742.3. Some of the differences relate to a small number of signs used 



18             MONASH UNIVERSITY ACCIDENT RESEARCH CENTRE 

specifically in Western Australia, the use of the term “Traffic Management Plan” rather 
than Traffic Control Plan, and some State-specific requirements for training.  

3.1.6 USA – Work Zone Operations Best Practices Guidebook 

The US Federal Highway Administration toured roadworks across the US in 1998 and 
catalogued projects identified as best practice. Descriptions of the projects and practices 
employed were then published in the Work Zone Operations Best Practices Guidebook – a 
328-page document. They note that the document is not meant to be prescriptive, but to 
provide guidance.  

3.1.7 Other documents 

Other documents consulted in the review of codes and standards included: 

• AS/NZS 4602:1999 – the Australian and New Zealand standards for the 
requirements and use of various acceptable high visibility safety garments. 

• AS/NZS 1906.1:1993 – the Australian and New Zealand Standards for 
retroreflective materials and devices for road traffic control purposes; Part 1-
Retroreflective materials.  

• AS/NZS 1906.4:1997 – the Australian and New Zealand Standards for 
retroreflective materials and devices for road traffic control purposes; Part 4-High-
visibility materials for safety garments. 

• An actual traffic control plan dated October 2001 for a bridgeworks job to be 
performed for the NSW RTA. 

• VicRoads maintains a set of operating procedures and work instructions available 
on its own intranet for a large variety of specific tasks and for specific regions – 
their Business Management System (BMS documents).  

• VicRoads Employee Safety Handbook. 

The effectiveness of guidelines has generally not been evaluated.  However, there have 
been evaluations of specific components of these guidelines, e.g. roadworks signing and 
speed limits.  These evaluations are included in the sections that follow. 

3.2 MEASURES TO REDUCE VEHICLE SPEEDS 

3.2.1 Roadworks speed limit signs 

In a U.S. study, Benekohal, Wang, Orloski, and Kastel (1992) classified motorists’ speed-
reduction profiles in a 2.4 km work zone into four different categories.  

• Category 1: 63% of all drivers reduced their speeds considerably after passing the 
first work zone speed limit sign. 

• Category 2: 11% of the drivers reduced their speed when they neared the actual 
location of construction activities. 
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• Category 3: 11% of all drivers did not reduce their original speeds. 

• Category 4: The profiles for the remaining drivers (15%) did not indicate a pattern. 

The lowest speeds were achieved near the work location; after passing it, drivers returned 
to the higher speeds they had been originally travelling at the first speed limit sign. Other 
evidence suggests that once a driver enters the works zone they are very unlikely to 
accelerate, at least until they exit the works area (Bernhardt, Virkler and Shaik, 2001). 
Therefore the speeds need to be reduced on the approaches to the works area.    

Hall and Wrage (1997) attempted to decrease vehicle speed using beacons to attract 
motorist attention to the work zone speed limit sign, but found the initiative to be 
ineffective. 

Methods of influencing travel speeds through roadworks were investigated in a study 
conducted by VicRoads in 1990.  A questionnaire examined road users’ perceptions of 
roadwork safety.  It found that, on average, 32% of drivers did not notice advance warning 
signs on approach to roadworks sites.  Furthermore, when asked about the usefulness of 
roadworks signs, only 24% of drivers said that they were totally reliant on them.  Based on 
these findings, the study concluded that 76% of drivers may not obey speed limits and that 
advance roadworks signs do not have the effect of decreasing drivers’ speed.  Analysis of 
travel speeds showed that over 60% of drivers exceeded the posted 60 km/h speed limit 
and 10% exceeded the limit by more than 15 km/h.  One percent of drivers exceeded the 
limit by more than 30 km/h.     

An examination of factors that influence travel speeds through roadworks revealed that 
only 43% of drivers based their travel speeds on displayed speed limits.  Thirty percent 
were influenced by the condition of the road and 14% drove at a speed that they believed 
was suitable.  No data was provided regarding their actual or perceived suitable speed.  
Another 13% of drivers said they did not notice the speed limit signs or felt that they were 
totally inadequate.  

Therefore, drivers’ excessive speed through roadworks was attributable in a large part to 
their failure to notice roadworks signs and, to a lesser extent, to their underestimation of 
the risks associated with roadworks hazards.  In terms of devising speed reduction 
measures, the latter finding is potentially of greater concern than the former.  Most drivers 
seem unaware of the role of the roadworker and of the potential dangers associated with 
the job.  Only 31% of road users in rural areas and 51% in city areas perceived the 
roadworkers’ job as stressful or dangerous.   

It is difficult to encourage drivers to reduce their speeds if they are unaware of the risks 
associated with roadworks.  It is probably more difficult to change driver attitude than to 
change the style and size, and therefore noticeability, of road signs.    

Finding:  Roadworks speed limit signs reduce the speeds of some but not all 
vehicles.  There is a need for further investigation of ways of making drivers more 
aware of the risks to workers at roadworks, and the extent to which this could 
contribute to lower speeds through worksites. 
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3.2.2 Enforcement  

As mentioned earlier, excessive speed is one of the principal concerns in roadworks zones, 
where motorists do not heed the speed reduction signs prescribed by the cautionary signs at 
the beginning of the works. This is more problematic for transitory works where it may not 
be practical to deploy speed restriction signs. Speed signs could be attached to the back of 
a works truck, but there is unlikely to be sufficient time for motorists to begin to slow 
down in time for the actual works. 

If speed limit signs are placed, then they should be enforced. Enforcement can either be by 
stationary patrols or a circulating Police car. Police presence and enforcement of speed 
limits in work zones both achieve a reduction in speed (Maze, Kamyab and Schrock, 
2000). However, for proper and safe enforcement there needs to be sufficient roadway 
shoulder space to allow for the speeding driver to be safely pulled over to the side of the 
road.  In Oregon, the state highway authority pays Police to conduct additional speed 
enforcement at roadwork sites.   

Many states in the US have enacted legislation to allow for special penalties for violations 
of speed limits in work zones. The Work Zone Safety Information Clearinghouse website 
(//wzsafety.tamu.edu) summarises the laws and fines for motorists travelling through work 
zones. A number of states double the fine for drivers who break the law in work zones, 
although there are a number of variations between the states. In some states the double 
fines only relate to speeding, in others it applies to all violations; in some it only applies if 
workers are present. Only two states do not have specific laws that relate to work zones. 
Overall, implementation of an increased fine law seems to have no consistently measurable 
effect upon fatal work zone accident frequency (Ullman, Carlson, Trout and Parham, 
1997). However, the potential deterrence effect is confounded by the presence of the 
enforcement that goes with it.  

A Texas Transportation Institute study (Ullman, Carlson and Trout, 2001) found that the 
increase in penalties for work zone traffic violations is ineffective in that it has no 
significant effect on driving behaviour. They conducted speed studies at work zones 
immediately prior to and after implementation of the law that doubled traffic fines in work 
zones. Citation frequencies and a number of related variables were also examined pre and 
post implementation. No statistically significant changes in speed were found at 50% of the 
sites studied; 28% of the sites demonstrated some decrease in speed, and 22% of sites 
actually showed an increase in speed. Other variables, such as the frequency of citations, 
also did not demonstrate any significant change. The primary reason suggested for the lack 
of an effect was the lack of strong enforcement.  

In many cases proper enforcement of the double fine law was problematic (Ullman, 2001): 
in instances where the law specified that workers had to be present the task was more 
complicated for the enforcement officer, as additional time had to be taken to check 
whether workers were indeed in place at the time of the citation. In other cases the driver 
was still fined, but not for the double amount. The physical nature of the roadworks – 
narrow carriageways, the use of the shoulder for traffic or works, etc. – also made it 
difficult or unsafe for an enforcement officer to pursue a violator, or there was simply no 
space to pull the driver over. 

Finding:  Enforcement at roadworks sites is effective in reducing speeding but 
increased fines in the absence of enforcement appear to have little effect.  Given the 
reported problems with space to pull over speeding drivers, the use of electronic 
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speed enforcement devices (e.g. fixed speed cameras) at roadworks should be 
investigated. 

3.2.3 Variable message signs and speed feedback 

Variable message signs allow for customised messages to be displayed to passing drivers. 
For example, they can be used to advise drivers of the correct speed as well as reasons for 
speed reduction, length of roadworks and to tell drivers what to look out for.  Figure 3.1 
shows a vehicle-mounted variable message sign (a) and a trailer variable message sign (b).  
The variable message sign configurations could also be in the form of speed feedback (c). 
Mounted on a trailer with its own battery and solar power, the device can be easily towed 
behind a works truck and operated as the truck moves with the works zone, or left at the 
beginning of the works and retrieved later. The ease of deployment makes this device 
potentially suitable for both short term and moving works zones. 

Variable message technology has also been combined with speed measuring radar 
equipment.  Such a device can display informational messages such as speed limits most of 
the time, and then when a vehicle approaches in excess of a threshold speed the message 
changes to a warning such as “YOU ARE SPEEDING, SLOW DOWN NOW”, or reflects 
the actual speed the vehicle is travelling at as well as telling the driver to slow down. Such 
a device has been found to have some beneficial effect in roadworks zones by decreasing 
the mean speed of the passing traffic and a more significant effect in reducing the number 
of speeding vehicles (Maze, Kamyab and Schrock, 2000). Research on deployments at 
sites other than work zones (e.g. around school areas) has also found that speed feedback 
units can reduce speeds.  

Garber and Patel (1995) cite a number of studies that have identified excessive vehicle 
speeds in work zones as a major contributing factor in crashes.  They conclude that most 
drivers do not slow down in response to the standard regulatory or advisory speed signs. 
They found that a changeable message sign in combination with radar had a significant 
effect of reducing the speeds of traffic.  The messages were “you are speeding slow down”, 
“high speed slow down”, “reduce speed in work zone” and “excessive speed slow down”; 
though there were no significant differences between the signs.  

Fontaine, Carlson and Hawkins (2000) also found that the portable variable message sign 
was effective at reducing vehicle speeds (although only by 1-2 mph) and the percentage of 
speeding vehicles was also reduced. Although possibly not as relevant for mobile and short 
term works, another benefit of the instrument was that vehicles moved out of closed lanes 
much earlier, reducing the number of vehicle conflicts; and therefore potentially reducing 
the overall number of crashes.   

Fontaine, et al reported that a speed feedback trailer reduced car and truck speeds by up to 
10 mph (16 km/h). There was also a positive impact on the percent of vehicles speeding.  
A speed feedback device displaying the actual speed limit equipped with a strobe light, 
produced a statistically significant reduction in mean speeds for cars and trucks (Meyer, 
2000a). This speed display was said to produce a reduction comparable to those achieved 
during active law enforcement. Hall and Wrage (1997) found that on urban arterials such a 
device was effective in reducing speeds by 4 to 5 mph (6.5-8 km/h). Pesti and McCoy 
(2001) summarise a number of other studies that have similarly found the device to be 
successful in reducing motorist’s speeds through works zones. Meyer (2000b) found that a 
speed feedback sign was more successful than a police officer in producing a speed 
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reduction, particularly downstream of the device (speed has been found to increase 
downstream of a police officer).  

Finding:  Speed feedback signs can reduce speeds at worksites.  Their ability to be 
fitted to trailers or works vehicles makes them suitable for transient worksites.  The 
possibility of combining speed feedback and speed enforcement devices should be 
investigated. 

 

 

 

Figure 3.1 The devices in a and b are variable message signs and c a speed 
feedback device. 

3.2.4 Temporary rumble strips 

Removable orange rumble strips can be placed across the lanes of approaching traffic in 
advance of roadworks. They are glued down on a surface that has been cleared of loose 
material.  Evaluations have not yielded consistent results: Meyer (2000a) found a 
significant change in mean speed and 85th percentile speeds for both cars and trucks. 
Fontaine, Carlson and Hawkins (2000) found little impact on passenger car speeds, 
although truck speeds were reduced and the percentage of speeding vehicles was reduced 
overall.  

However, the time taken to lay the rumble strips to ensure that they remained stuck to the 
road surface and their single-use application makes them somewhat unsuitable for transient 
or moving works zones in terms of practicality and cost. 

Finding:  Temporary rumble strips do not appear to be effective or suitable for 
transient work zones.  

a b c 



SAFETY OF SMALL WORKGROUPS ON ROADWAYS                                23 

 

3.3 MEASURES TO INCREASE VISIBILITY OF WORKSITES 

3.3.1 Safe-T-Spins 

‘Safe-T-Spins’ are devices attached to the top of standard cones (see Figure 3.2). Their 
coloured faces spin in the wind, attracting attention. According to Carlson, Fontaine and 
Hawkins (2000) they proved to be a lot of trouble on highway sites where traffic was still 
travelling at high speed as their increased drag meant that the cone often blew over, 
particularly when trucks passed. A worker had to be assigned to right and reposition the 
cones on a continuous basis.  

Figure 3.2 Safe-T-Spins. 

3.3.2 Booms 

Pratt, Fosbroke and Marsh (2001) suggest fitting works trucks with arms that swing out to 
the side while in the works zone to physically and visually widen the work zone and 
further isolate the workers from the passing traffic. This would be particularly beneficial 
for moving work zones.  

3.3.3 Signs 

Fontaine and Hawkins (2001) evaluated fluorescent orange signs rather than signs painted 
in bright colours. They found the signs to be particularly beneficial in conditions of low 
light, including shady areas, cloudy days and at dawn/dusk – particularly if prismatic 
retroreflective sheeting is used. Carlson, Fontaine and Hawkins (2000) found that 
fluorescent orange signing was noticed more than any other device, treatment or practice 
implemented in flagger-controlled zones. Worker opinions were also positive. 
Additionally, the signs are no more labour intensive than standard signs to use, although 
they are more expensive. Fluorescent orange roll-up signs have also been trialed. 

3.4 MEASURES TO INCREASE VISIBILITY OF WORKERS 

A common safety device used by most roadworkers is the safety vest. The primary purpose 
of the vest is to increase the conspicuity of the worker – i.e. to make them more visible.  

3.4.1 Standards for safety vests 

The Australian and New Zealand Standard AS/NZS 406:1999 – High Visibility Safety 
Garments emphasises that the use of high visibility safety vests as a risk control measure 
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occupies a low position in the hierarchy of control of risk.  Consideration should always be 
given as to whether other possible risk control measures such as eliminating traffic from a 
work site or barricading work areas off from moving traffic could be achieved.  Risk 
assessment should take into account all factors that might hinder the possibility of a worker 
not being able to be seen by traffic including weather and lighting conditions.   

The materials used for workers’ vests may be: 

• Fluorescent, and/or 

• Retroreflective  

Fluorescent material contains a pigment which converts ultra violet (UV) light to light that 
can be detected by the visual system, hence noticeably increasing the amount of visible 
light reflected from its surface (AS/NZS 4602:1999).  It will therefore only work where 
there is an appreciable amount of UV light, i.e., daylight, falling on the material.   Artificial 
night-time light sources contain little UV light, hence fluorescent material will not work as 
effectively outside of daylight hours.  The Standard outlines two important points 
regarding the use of fluorescent garments; 1) in the process of UV light conversion, the 
pigment particles undergo change, often leading to fairly rapid fading of the colour, 2) the 
pigments can usually only be applied to man-made fibres, which may not be as 
comfortable to wear under hot conditions as natural fibres.  

Retroreflective materials achieve high visibility by causing almost all of the light reflected 
from their surfaces to be directed back along the path of the incoming light beam.  The 
materials are limited in that their very nature requires light to directly impinge upon them 
before reflecting that light.  In a bright situation, such as roadworks on a sunny day, there 
is no reason for retroreflective tape to be any more noticeable than other bright reflective 
materials, such as the chrome of vehicles. The benefit of a retroreflective garment will  
only be gained if it is being observed from a position closely aligned with, usually just 
behind, the light source.  Maximum visibility is achieved at night-time where, for example, 
a motor vehicle driver is sitting almost directly behind the vehicle headlights.    

AS/NZS 4602:1999 specifies the minimum requirements for high visibility safety garments 
without reference to particular types and styles.  The standard covers garments suitable for 
daytime wear (Class D), night-time wear where they will be seen by retroreflected light 
(Class N) and for wear under both conditions (class D/N).  A summary of these 
classifications is given below. 

(a) Class D – a garment designed for outdoor daytime use only, comprising fluorescent 
or other non-retroreflective high visibility material.  In general, garments should be 
either red-orange or yellow in colour and should encircle the upper torso.  There 
should be a minimum visible area of 0.4m2 of material. 

(b) Class N – a garment designed for night-time use only comprising retroreflective 
elements on an unspecified background.  Garments should encircle the entire upper 
torso down to the waist level.  Retroreflective strips should be white or yellow. 
There should be a strip at each shoulder plus a complete horizontal hoop at waist 
level, with either vertical strips connecting the shoulder strips to the waist hoop or a 
second horizontal hoop at mid-chest level. 
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(c) Class D/N – a garment designed for both daylight viewing and night viewing under 
retroreflected light.  The garment should comprise retroreflective elements on a 
fluorescent or other non- retroreflective high visibility background material.  In 
general, garments should be either red-orange or yellow in colour and should 
encircle the upper torso.  There should be a minimum visible area of 0.4m2 of 
material.  The requirements for application of retroreflective strips are as for Class 
N garments.  A D/N garment should be worn where there is concern that a day-only 
or night-only garment will not be used under appropriate conditions such as where 
day work extends into dawn or dusk periods, or if poor weather reduces light to a 
point where traffic is forced to use headlights. 

The Standard makes several further recommendations regarding the use and maintenance 
of safety garments.  In line with what is known about the importance of contrast in the 
ability to get attention, the colour of daytime use garments should be selected for best 
contrast with the prevailing background in the work area.  For example, yellow may stand 
out better in urban areas whereas red or orange may be better in rural situations.  For added 
safety, workers should wear light coloured clothing on areas of the body not covered by the 
high visibility garment.   

The Standard also recommends that, at night, workers should wear garments with 
retroreflective material on sleeves and legs in addition to that specified for the body. 

Garments should also be inspected regularly and replaced if badly damaged, soiled or 
faded, or the retroreflective material has ceased to function.  In constant, daytime use, 
fluorescent garments should be critically examined at 3 to 6 month intervals. 

Finding:  AS/NZS 4602:1999 recommends that workers should wear light coloured 
clothing on areas of the body not covered by the high visibility garment.  VicRoads 
issues dark green and black uniforms for Transport Safety Services and Works 
employees.  A trial of a change in colour of uniforms should be considered. 

3.4.2 Other standards 

The American National Standard for High Visibility Safety Apparel (ANSI/ISEA 107-
1999) specifies background material colour and performance.  The three colour choices are 
fluorescent lime-yellow, fluorescent red-orange and fluorescent red. The colours are 
defined by the chromaticity coordinates (specified according to the three primary colours) 
and a minimum luminance standard. 

However, some authorities have their own requirements. For example Oregon OSHA 
(2000) requires that “colors must contrast with other colors in the area sufficiently to make 
the worker stand out. Colors equivalent to strong red, strong orange, strong yellow, strong 
yellow-green or fluorescent versions of these colors are acceptable. During hours of 
darkness, the garments must also have reflective material visible from all sides for 1000 
feet (305 m).” 

Pratt et al (2001) outline a set of US voluntary standards regarding conspicuity criteria for 
safety vests: 

Class 1  

• For situations which permit the worker’s full attention to approaching traffic, with 
ample separation of workers and vehicles, and traffic speeds not exceeding 25 mph 
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(40 km/h) a minimum of 0.14 m2 fluorescent background material and 0.10 m2 
retroreflective material is required. 

Class 2  

• For inclement weather conditions, work on or near roadways with higher traffic 
levels, or traffic speeds above 25 mph (40 km/h). Appropriate for use in situations 
where worker attention is diverted from the approaching traffic, or where 
separation of workers and traffic is less than ample a minimum of 0.50 m2 
fluorescent background material and 0.13 m2 retroreflective material is required.  

Class 3  

• For use where workers and vehicle operators have high task loads, where workers 
are exposed to traffic speeds above 50 mph (80 km/h), and where workers are 
exposed to a wide range of weather conditions, a minimum of 0.8 m2 fluorescent 
background material and 0.2 m2 retroreflective material is required. 

• Class 3 apparel is recommended for all highway construction personnel. 

Additionally, the standard specifies that the worker should be visible through the full range 
of body motions and be identifiable as a person. Class 3 apparel should be conspicuous 
from a minimum distance of 1280 feet (390 m). 

3.4.3 Conspicuity terms and concepts 

Missener (1998) provides a mathematical discussion for evaluating the alerting ability of 
various colours based on a number of physical variables for drivers. Only the method is 
described – no conclusions are made about particular colours in any particular situation or 
function. 

The human visual system is tuned to detect the contrast between adjacent areas rather than 
the absolute luminance levels of various areas in a visual scene (Barton and Misener, 
2000). As such, bordering elements that are most different in colour, levels of brightness, 
size, etc. will contain the most information, and so be the most “visible”. Such areas also 
serve to orient attention, further ensuring a pickup of information. These areas of 
difference are said to be high in “conspicuity”. Contrast sensitivity, then, underlies our 
ability to detect objects of interest in the visual scene, and also to discern patterns.  

Barton and Missener (2000) and Missener (1998) go into further detail (including 
mathematical detail) about the visual system, particularly in relation to contrast sensitivity 
This provides background for their description of the design and evaluation of an 
instrument to measure contrast sensitivity. While their device is designed to evaluate 
colours for roadworker vests, signs, etc., they do not provide any indications of any such 
evaluations.  

Conspicuity generally relates to how likely it is for an object to be seen. Cole and Jenkins 
(1982) point out that certain kinds of information, such as traffic control devices must be 
seen, and so they need to attract attention. They suggest that conspicuity should be more a 
function of “attention getting” potential rather than simply visibility. “A conspicuous 
object should be...defined as one that will attract attention such that the object is seen with 
certainty within a short observation time regardless of the location of the object with 
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respect to the line of fixation. A conspicuous object then is one that commands attention 
and requires no search for it to be noticed.” (p236) 

The complexity of the background, and observer arousal and expectations regarding the 
presence and location of the target are also important (Cole and Jenkins, 1982). The lack of 
complexity in the background is also relevant. For example, there is also often a range of 
other colours for the roadworker to blend into, including the road and works itself. This is 
particularly pertinent where construction vehicles and equipment might be painted in “safe 
colours” to increase their conspicuity. Recognition performance significantly decreases as 
the target and background become more and more similar (Engel, 1977, cited in Isler, Kirk, 
Bradford, and Parker, 1997). 

If the worker’s vest is a similar colour to that of a works truck that they are standing in 
front of, then the worker may not be seen, even with some movement.  In one sense it may 
not matter if a worker blends with other safety or working equipment – a driver is likely to 
want to avoid hitting such items anyway – however there are reasons why it would be 
advantageous to be able to identify a human. For example, humans move differently to 
equipment – a driver may be surprised by the sudden movement of a worker not noticed 
against the background of other bright colours, or the worker may step forward from 
adjacent to a vehicle. 

Fontaine, Carlson and Hawkins (2000) describe three photometric properties:   

• Luminance – brightness 

• Luminance factor – lightness 

• Chromaticity – colour 

• Luminance contrast ratio – the difference in the luminance (i.e. brightness) of an 
object versus the immediate surroundings of the object.   

3.4.4 Experimental evaluation of colour 

Isler et al (1997) describe earlier research by Michon, Eernst and Koustaal (1969) that 
demonstrated that fluorescent orange was the most visible colour, followed by fluorescent 
orange-red, fluorescent red and yellow; white and fluorescent lime-yellow seemed to be 
the significantly less detectable. This earlier research used colour chips in one experiment 
and, in another experiment, jackets of various colours were placed along a 12 km route that 
was driven by participants. The jackets also varied in design – the percentage of colour 
differed. In half of the situations the jackets were not visible for more than 200 metres, 
with in the other half they were not visible for 100m. Fluorescent orange in any design 
(100% coloured, 75% and 50% coloured) demonstrated the shortest detection times. Both 
yellow and fluorescent green-yellow produced significantly slower detection times than the 
fluorescent orange, and white had the slowest times. In terms of the number of undetected 
jackets over the 12 km route, 12 white jackets were missed, six yellow, six fluorescent 
green-yellow, and no orange jackets were missed. 

Isler et al (1997) used an experimental procedure to assess the best colour to use for safety 
vests for forest workers. Forestry workers are not at as much danger from passing 
motorists – their primary source of risk is from machinery operators who do not see them. 
However, the situations are similar – the driver of a vehicle must allocate attention to two 



28             MONASH UNIVERSITY ACCIDENT RESEARCH CENTRE 

totally separate tasks at once: driving/operating the vehicle as well as searching the 
environment for danger to themselves as well as to others – a dual task paradigm. With 
speed involved and many other vehicles, drivers passing roadworks are, if anything, likely 
to have less attention capacity to devote to searching for roadworkers, particularly in short-
term or mobile operations. Their results should be reasonably generalisable, with the 
caveat that the procedure involved comparing the various colours against a forest 
background. 

Isler et al (1997) presented colour slides of forest scenes containing safety vests within the 
participant’s peripheral vision. Each slide contained a number of vests in a number of 
different positions within the scene. A distraction task was presented in the subject’s visual 
foreground. Six types of garments were tested – white, fluorescent lime-yellow, fluorescent 
orange, high contrast (black with double fluorescent lime-yellow chevrons), green-red (half 
was green and the other half red), and black. The dependent variables were whether the 
garment was detected last or missed, and whether it was detected first. Each garment was 
shown a total of 99 times.  

In terms of being seen last or not being detected at all, Isler et al (1997) found that the 
fluorescent green-yellow was best (4 misses), followed by white (5), fluorescent orange 
(11), green (25), high contrast (32) and then black (35 misses). In terms of being detected 
first, the order was the same, with fluorescent green-yellow producing the most first 
identifications (43), followed by white (32), fluorescent orange (14), green (5), high 
contrast (4) and then black (1). A variety of lighting conditions were used as the light went 
from dark through to full lighting, then back to dark again during each viewing session.  

Isler et al (1997) suggested that white may have performed well due to the darkness 
situations. They point out that the wavelength of best detection in full light conditions is 
closest to that of lime-yellow.  In contrasting their results to those of Michon et al (1969), 
they pointed out that the latter was using a distance task in one experiment, and that in the 
other task, the participants were Ministry of Transport staff, who may have been more 
likely to notice garments that were not in use at the time (i.e. the lime-yellow) rather than 
the garments that they had seen many times before (the orange).  They also suggested that 
as their own vests were actually photographs rather than an actual garment, the fluorescent 
colours may actually fluoresce more vividly when viewed in reality. As such, their method 
may have underestimated the levels of conspicuity, although it is likely that the order of 
performance in terms of the colours would be consistent. 

Hampson (1999) describes a procedure that was used by the Queensland Police Service to 
evaluate a number of safety vests. A police officer wearing a vest was placed in a number 
of environmental situations and a car fitted with a video camera approached from a 
kilometre away.  The settings included a variety of traffic situations, in both dark and light 
conditions. The footage was then watched in slow motion until the vest could be identified 
by a group of viewers. The vests were examined for three criteria: first recognised, 
distinguished as a worker from the background, and then identified as a police officer. 

Hampson’s (1999) results determined that the lemon/yellow vest was the first recognised 
in all situations. However, the red/orange vest performed slightly better than the 
lemon/yellow vest in terms of being able to distinguish a human form from the background 
under direct sunlight and tree shade. In low light levels, the lemon/yellow vest performed 
equally well with the orange/red vest, but under very low light levels (dusk) it performed 
much better. In the last 30 minutes of daylight neither vest colour was seen. As many 
drivers do not turn on their headlights at this time, retroreflective materials would not be 
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useful either, and so this period is particularly dangerous for workers – whether they are 
police or roadworkers. In the identification stage, the orange/red vest performed the best. 
Neither vest performed perfectly over all three test stages, and so a compromise was 
suggested – a lemon/yellow vest with a red/orange strip around the lettering POLICE, on 
back and front. No specific data was given, just a summary of the results.  

Fontaine, Carlson and Hawkins (2000) describe some earlier experimental research 
evaluating vest colours. A 1990 Minnesota Department of Transportation study examined 
vest colours of fluorescent yellow, fluorescent green, fluorescent orange, and fluorescent 
pink. The vests were put onto mannequins and attendees at a fair were asked to choose the 
one they thought would be the most visible. Fluorescent yellow was significantly rated as 
better by the participants, followed by green, then orange and lastly pink.  

Fontaine, Carlson and Hawkins (2000) also summarise several studies conducted by 
Turner and associates in 1996 and 1997. Eleven different colours were evaluated, including 
eight fluorescent colours. A mock work zone was set up and subjects were driven towards 
the scene and allowed to look through a shutter that was opened for 300 msec at 100 foot 
(30.5 m) intervals as the vehicle travelled at 20 mph (32 km/h). Subjects determined when 
they could first identify any safety clothing at the scene. This was done for each colour in 
each of four work zones. However, only one type of material was mesh, and the vests were 
flat, rather than being worn by a humanoid shape.  

Turner’s studies found that fluorescent red-orange had the highest detection distance, 
although red mesh, yellow-green and red-orange with yellow-green were all statistically 
equivalent to the best performer. Fluorescent pink also performed well. The worst 
performer was fluorescent green. Overall, the mean detection distances ranged from 656 to 
984 feet (200-300 m). Fontaine et al (2000) pointed out that there were no similar colours 
at the work zone for the mesh colours to blend in with.  

Fontaine et al (2000) mention other studies that have also found that fluorescent yellow-
green was the most visible. Zwahleen and Vel (1994) found that fluorescent yellow 
provided the highest peripheral detection performance while fluorescent orange provided 
the highest peripheral recognition performance of three different backgrounds (city, 
autumn foliage and spring foliage). 

Fontaine et al (2000) experimentally evaluated five different worker’s vests (see Figure 
3.3):  

• the TxDOT (Texas Department of Transportation) orange mesh vest (3.3a) – 
orange with yellow stripes 

• a TxDOT yellow-green mesh vest (3.3b ) – yellow-green with grey stripes 

• a mesh yellow-green vest (3.3c) - yellow-green with red stripes 

• a solid panel yellow-green vest (3.3d) - yellow-green with red stripes 

• a yellow-green garment with sleeves (3.3e) - yellow-green with grey stripes and red 
sleeves. 
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Figure 3.3 Five worker’s vests evaluated by Fontaine, Carlson and Hawkins (2000). 

Using a work zone scene against a realistic background, with a worker wearing the vest 
and helmet, Fontaine et al (2000) found that solid fabric panels produced the best 
luminance and contrast ratios. Fluorescent yellow-green provided the greatest field 
luminance and luminance factor results. Both non-mesh garments were superior to the 
mesh varieties. For all eight different background types, the TxDOT fluorescent yellow-
green mesh vest (‘b’ in Figure 3.3) provided the highest luminance ratio values of all the 
three mesh vests tested, although the non-mesh versions provided higher luminance 
contrast ratios. The testing of the hard hats with matching fluorescent fabric covers did not 
yield useful results due to the difficulties in obtaining luminance values from the non 
standard shapes/geometries of the hats. 

3.4.5 Worker vest summary and evaluations 

There does not seem to be a definitively best colour for safety clothing. However, there is 
general agreement that fluorescent red-orange and/or fluorescent yellow-green are the most 
effective colours. Retroreflectivity confers no real advantage when used in daylight. Pratt 
et al (2001) suggest that there may be some merit in changing the apparel on a seasonal 
basis to ensure that it does not blend in, particularly in autumn. For that matter, there may 
be some benefit in specifying a number of acceptable colours and allowing each authority 
to determine a colour appropriate to their environmental conditions. Alternatively, specific 
colours can be used for specific functions; e.g. a particular colour for flaggers, another 
colour for first aiders, etc – although this is not as applicable to small scale works. There 
would also be some disadvantage to the lack of consistency – a particular colour and 
design cannot be used to educate motorists.  

The amount of colour each worker wears can be increased by specifying that other 
garments are made of the same fluorescent material, such as armbands, hats, and gloves. 
Pratt et al (2001) also points out that high-visibility clothing should be inspected regularly 
to ensure that the vibrant colours have not faded.  

There should be 360 degree visibility. However, Turner et al (1997) suggests that the front 
of the garment should be different in some way to the back so that an approaching motorist 
(or other workers) can tell whether the worker is facing towards or away from them. 

There is a trade-off between safety and practicality. In order to ensure use, the vest must be 
comfortable to wear. Ventilation and weight considerations have seen some vests made of 
a mesh material and others without side panels. Very few have sleeves. However, logic 
would dictate that additional conspicuous material – such as side panels and sleeves – 
should make the worker more visible. 

a b c d e 
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Workers vests with strobes or LEDs sewn into them (see Figure 3.4 for an example) to 
increase their alerting capability are already available on the market with retroreflective 
tape (e.g. www.theledlight.com/vestled.html). Their low power consumption means that 
using AA batteries they can stay activated for 240 hours and could be configured to flash 
in any particular manner. They are also very lightweight. However, their effectiveness is 
questionable during daylight conditions. They may also prove to be distracting, potentially 
leading to a ‘sea of flashing lights’ in a work zone. Carlson, Fontaine and Hawkins (2000) 
found that a strobe attached to the flagger’s vest was inconspicuous during daylight hours. 
The size and weight of the unit was also a concern to the workers evaluating it. 

Carlson, Fontaine and Hawkins (2000) found that fluorescent yellow-green vests were 
more conspicuous than the standard Texas Department of Transport orange vests, and both 
workers and drivers responded favourably to their use (also Fontaine, Carlson and 
Hawkins, 2000). They were considered to be particularly advantageous as they provided a 
distinct contrast between the highway workers and the orange traffic control devices.  

 

Figure 3.4 LED safety vest. 

Fontaine, Carlson and Hawkins (2000) trialed hard-hat covers to match the fluorescent 
vests. They reasoned that they might be beneficial due to their increased height in relation 
to many other safety devices such as cones and barriers (less likely to be lost in a sea of 
fluorescent colour). They found some positive sentiment from the workers for the covers as 
a potential safety improvement. They further suggested that the hats themselves might be 
produced in the appropriate colours rather than having to fit the covers.  

Finding:  Fluorescent red-orange and/or fluorescent yellow-green are the most 
effective colours for safety vests.  The amount of colour each worker wears can be 
increased by specifying that other garments are made of the same fluorescent 
material, such as armbands, hats, and gloves.  High-visibility clothing should be 
inspected regularly to ensure that the vibrant colours have not faded.  

3.5 OTHER SAFETY MEASURES 

3.5.1 Truck-mounted attenuator 

Carney, Dougan and Lohrey (1996) discuss the truck mounted attenuator (TMA), which 
uses a cluster of mild steel cylinders in a frame attached to the rear of the works truck to 
absorb the impact of another vehicle (see Figure 3.5). If the truck is placed on the upstream 
side of the workers – either stationery or shadowing the crew as they move along the 
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roadway – it can provide a high level of protection, both for the workers and the occupants 
of the impacting vehicle.  

The devices are inexpensive to repair – the cylinders just need to be replaced. The 
impacting vehicle does not tend to nose-dive under or catapult over the device. At the time 
of Carney et al’s (1996) report, 80 TMAs had been in use for 15 years. There have been 
many serious impacts involving a range of vehicles (including a semi trailer), and no 
serious injuries or deaths have occurred as a result of an impact with the device. Indeed in 
most cases there were no injuries at all.  

Finding:  VicRoads should explore wider use of truck mounted attenuators on 
appropriate vehicles/tasks.  

 

 

 

 

 

 

 

Figure 3.5 Truck mounted attenuator (TMA). 

3.5.2 Intrusion countermeasures 

Intrusion countermeasures are designed to warn workers if a vehicle strays into the work 
zone (Andrew and Bryden, 2001). The sensor can be in the form of tapes or pneumatic 
hoses placed across the works boundary, however they take time to deploy and retrieve and 
are not particularly durable.  

Alternatively, intrusion alarm systems are available that operate using infra red or 
microwave beams on the boundary of the works zones (Carlson, Fontaine and Hawkins, 
2000). However, false alarms, initial cost, and set up times are all issues. The latter is 
particularly important as a worker must be very near the traffic stream to initially set the 
alarm up. This initial set up period is probably one of the more dangerous stages.  

Alternatively, Pratt, Fosbroke and Marsh (2001) suggest attaching proximity detectors to 
workers; they do not suggest what technology should be employed. False alarms are still 
likely to be an issue, however. 

3.5.3 Flagger training and improved technology 

According to Benekohal and Kastel (1991, cited in Maze, Kamyab and Schrock, 2000),  
flaggers trained in assertiveness techniques (e.g. making eye contact with drivers) can 
obtain decreases in speeds of up to 15 mph (24 km/h).  

An FHWA summary sheet (www.fhwa.dot.gov//winter/roadsvr/CS091.htm) describes a 
stop/slow paddle with a high intensity flashing light (both LEDs and halogen lights have 
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been used) that a flagger can activate if they believe that an approaching driver has not 
seen them or is not sufficiently slowing in response to the stop/slow sign. No data is 
provided, but they say that the device has proved to be a success. When combined with a 
speed-detection device, such a concept could also be applied to a roadworks sign on the 
approach to a worksite, or a sign fixed to the back of a works vehicle. If an approaching 
vehicle has not sufficiently slowed on the advice of speed restriction sign, a new sign or set 
of flashing lights would be automatically triggered. It is likely that a sign that begins 
flashing in front of a driver would be more effective than a constantly flashing light due to 
the increased attention-getting properties of the change in state from inactivated to 
flashing. It might also prove to be a cheaper alternative to the speed feedback displays 
discussed earlier. 

3.5.4 Shadow vehicles 

Shadow vehicles are remote controlled by the workers (Carlson, Fontaine and Hawkins, 
2000, Epps and Ardila-Coulson, 1997). The operator can remotely start the vehicle, adjust 
the throttle, brake, steer, change gears, use turn signals, and turn on the headlights. The 
remote control has a dead-man switch that turns off the remote vehicle if the operator 
removes his hand from a bar. The remote unit is lightweight and has a range of over 350 
metres. Built-in safety features include panic buttons that are positioned on either side of 
the truck, allowing workers to immediately shut the vehicle down if necessary. There are 
also collision sensors that detect obstacles on all sides of the vehicle and stop the truck 
automatically if anything is detected. 

The truck can still be used as a works truck, rather than requiring a separate vehicle; indeed 
the remote control unit can be fitted to an existing vehicle. In addition, it could also be 
fitted with an attenuator (see earlier section). However, the device has not gained wide 
acceptance, primarily due to the high initial cost. 

3.5.5 Miscellaneous  

Noel, Sabra and Dudek (1989) discuss the use of flashing arrow panels mounted onto the 
back of a truck (see Figure 3.1a, with an arrow panel in place of the variable message sign) 
to follow mobile roadworks, using it in caution mode (a flashing point at each corner of the 
board) rather than an arrow that might encourage motorists to drive into oncoming traffic. 
The boards have proven effective at promoting earlier merging of traffic in work zones 
with multiple lanes where one is closed for works.  

Pratt, Fosbroke and Marsh (2001) mention a directional radio broadcast system that alerts 
approaching motorists that they are nearing or entering a road-work zone, advise the speed 
limit and remind drivers of the penalties for exceeding the limit. The solar powered 
Highway Advisory Radio System (HAR) can help keep traffic flowing by broadcasting up-
to-the-minute AM radio advisories to motorists in a 3-5 mile (5-8 km) range. Messages can 
be remotely changed using a mobile telephone.  

Without providing any real detail or details of evaluations, an FHWA report (1998) 
suggests the use of: 

• A holographic image of a policeman and police car at the beginning of the work 
zone 

• Longitudinal safety barriers 
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• Portable “gawk screens” 

• Personal warning devices activated either (or both) by a vehicle setting off an 
intrusion alarm or the worker moving outside the area of protection. 

• A mechanised debris removal system 

• The use of robotics 

• Inductive radio messages (whether the approaching vehicle’s radio is on or not). 

While they are used mostly for longer term works, Daniels, Venglar and Picha (1999) 
suggested that portable traffic lights could also be used for day-maintenance, and say that a 
number of states in the US have trialed this as an option; albeit an expensive one. 
Additionally, they suggest that a countdown clock could be added to the display to tell 
motorists how long they have to wait for the next change. A potential disadvantage of the 
countdown is that, seeing that nothing is coming from the other direction, motorists may be 
tempted to “jump the gun”. The countdown would also have to be over-ridden if there was 
a problem with the lights or if workers had to interrupt the cycle, such as when 
manoeuvring large equipment in the roadway and making both sets of lights red to 
oncoming traffic. The appearance and then disappearance of the countdown or freezing it 
may add confusion.  
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4.0 OBSERVATIONS AND INTERVIEWS OF SMALL 
WORKGROUPS 

 

Members of the Project Team went into the field to observe the work activities of 
VicRoads employees performing a range of tasks.  These included surveying, road 
maintenance, resealing, environmental management, heavy vehicle inspection and traffic 
engineering inspections.  Observations and interviews were conducted in metropolitan and 
rural areas. 

Observations and/or interviews were conducted with employees from: 

• Geopave  

• Land Information & Survey (metropolitan and rural worksites) 

• Works (metropolitan and rural worksites) 

• Transport Safety Services (day and night metropolitan and rural shifts and office-based 
interviews) 

• Program Development & Delivery (rural worksites and office-based interviews) 

4.1 GEOPAVE 

Three Geopave employees were interviewed.  In general, their duties comprise inspection, 
assessment and recording of damage to bitumen road surfaces.  Geopave consists of a team 
of eight inspectors for the entire state, all of whom are based in East Burwood.  Although 
Geopave must abide by the government’s rules as a department of VicRoads, they are 
probably best described as a technical semi-corporatised support consultancy for both 
Victoria and interstate.   

4.1.1 Perceived hazards 

In terms of inspection and assessment, Geopave employees spend only very minimal time, 
if any, outside of their vehicles.  Under these circumstances, a worker or team of workers 
will travel to the relevant site by car equipped with roof-mounted flashing lights and 
sometimes, although not always, an orange ‘patrol’ sign attached to the roof.  Some of the 
inspections are simply conducted from within the vehicle itself.  Where this is not practical 
or sufficient, the worker/s must get out of the car to make inspections and or assessments.  
Generally, they will try to conduct their work from the footpath or median strip to avoid 
on-road hazards.  Inspection takes only about 10-15 seconds, therefore it was considered 
impractical for the workers to set up safety equipment on the road for such a short time 
period. 

In terms of safety issues, the orange retroreflective vests as well as the patrol car (which is 
usually parked on the shoulder or on the footpath if there is insufficient room 10-15 metres 
behind the worker/s) serve as the only form of visibility enhancement.  The workers felt 
that they were always conscious of hazards such as traffic flow, excessive speed and 
proximity of traffic.  In situations where the worker/s deemed it unsafe to work, they 
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would simply make do with an inspection from inside the car or return to the site when 
they felt it would be safer.  

In terms of other types of testing such as road profiling, most of the crew are able to 
conduct their work from within the work vehicles.  Thus, the workers are rarely pedestrians 
on the road except perhaps under rare circumstances where, for example, the equipment 
needs adjusting or breaks down.  Under these circumstances, workers are at the greatest 
risk when getting into and out of their vehicles and, where possible, try to pull off the road 
to make any adjustments.  Potentially hazardous situations are thus more frequently 
associated with the vehicle being struck by oncoming motorists, and hence the workers 
being injured, rather than workers being struck as pedestrians on the road. The former 
situation, although a serious safety issue, is not relevant to the current project.   

The workers recognised the importance of maintaining and increasing the safety of their 
work environment, although they could not think of any suggestions for improvement.   

4.2 LAND INFORMATION AND SURVEY 

Land Information and Survey has about twenty employees who work in teams of two or 
more.  Their work takes them to rural as well as to metropolitan areas of Victoria and, 
depending on the type of construction required, fieldwork varies between working in close 
proximity to traffic (i.e., on-road, and road-side) to working in open-paddocks.  Their 
office is located in Kew and the team is responsible for serving the entire state. 

Workers usually spend about half of their time in the field and the remainder in the office. 
Generally, the fieldwork is completed in one day or over several days (or sometimes weeks 
depending on the size of the job), after which the office work is carried out.   

4.2.1 Metropolitan worksite 

Observations and discussions were held with a crew of two Land Information and Survey 
(LI&S) workers whose duty on that day was to survey a 150-metre section of a main road 
through an outer suburb of Melbourne.  The task involved surveying the road itself along 
with associated infrastructure (such as guttering and median strips) and roadside elements 
(such as the footpath and the locations of store fronts) to determine where the ground had 
to be levelled for the purpose of constructing a pedestrian crossing. 

Description of work procedures 

The survey task involved two workers functions performing different functions – operating 
a theodolite, and moving a prism stick throughout the site. The theodolite measures the 
vertical and horizontal distances to the prism stick as it is place at various sites. The 
theodolite was placed in a number of different locations, including the roadside, the 
footpath and the median strip in order to view the entire length of the survey site. The 
survey crew generally swapped roles between jobs.   

At each measurement point the prism stick had to be held stationary long enough for the 
theodolite operator to note the readings (approximately 5-10 seconds). The latter worker 
then signalled that the reading had been successfully taken and the prism was moved to the 
next point.  
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Perceived hazards 

In terms of safety issues, the prism-stick operator was exposed to potentially greater 
hazards than the other worker, as he often had to stand on the road in the path of oncoming 
traffic while the theodolite read and recorded measurements (see Figure 4.1).  From the 
side of the road this worker looked for a reasonable break in the traffic before proceeding 
onto the road, although as Figure 4.1 illustrates, such breaks may be rare and short-lived on 
some jobs. In order to ensure that the prism stick was in the line of sight of the theodolite 
and vertical, the operator would have to stand with his back to some traffic for at least part 
of the time. 

 

Figure 4.1 Land Information and Survey employee surveying on a highway in the 
metropolitan area.     

Anything that distracts any roadworker from their task and their vigilance in watching the 
traffic can increase the hazard level significantly. Surveyors are often approached by 
citizens who feel they should offer their opinion on what they consider should be changed 
in the area. Many also assume that the VicRoads surveyors are local council employees 
and approach them to discuss local issues. On this particular job a number of citizens 
approached by VicRoads employees while they were attempting to take measurements. 
Such actions can also put citizens at risk as they cross the road to offer their opinions.  

Safety measures 

When the theodolite was placed on the road’s edge a number of traffic cones was placed 
around it.  Cones were not used when the theodolite was positioned on the footpath or the 
median strip because it was considered to be an adequate distance from the traffic.   

Small standard roadworks signs (red with digger and shovel) were placed at the roadside 
approximately 120 metres from each end of the works area.  The workers felt that these 
signs do not adequately warn motorists of their presence. It was their contention that any 
motorist who noticed the signs would likely be looking for roadworkers actually working 
on the road, undertaking tasks such as filling potholes. However, a more specialised 
warning sign may confuse motorists. Additionally, depending on which end of the works 
area was being surveyed, the signs may be a substantial distance from the workers at any 
particular time. However, the time that would be spent and danger endured moving the 
signs does not make shifting them a viable option. The workers assert that the signs make 
no difference to driver behaviour anyway.  
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According to these particular surveyors, they would normally drive a 4WD Landcruiser 
equipped with flashing lights. However, that particular vehicle had been allocated to 
another crew for that day. On this particular job there would have been no suitable location 
to park any vehicle as a warning to motorists. Also, as the surveyors must move throughout 
the survey site it would not be viable to use the vehicle as a safety shielding device on this 
or other jobs.  

Both men wore the standard VicRoads day/night vests with retroreflective strips.  One 
wore a green uniform shirt with the VicRoads emblem.   

The workers felt that other wearing their vests and using standard roadworker signs and 
traffic cones, there was little more they could do to increase their safety. With the amount 
of equipment that the surveyors must transport and then carry as they walk through the site, 
they would be limited in the amount of additional safety equipment that they could carry. 
Moving additional equipment such as signs around the work site and making multiple trips 
across the road to unload and reload their vehicle would also pose additional risks. 

When the workers were about 40 metres away from each other they communicated via 
portable two-way radios.  However, on this occasion one of the radios was not working 
properly.  The crew had to resort to waving or whistling to each other. Communication is a 
major issue as the theodolite operator must advise the other worker when the reading has 
been successfully taken so that the prism stick can be moved to the next location.  
Whistling and waving seemed to work well for this particular crew.  

The workers said that they were accustomed to watching out for their own and each other’s 
safety but felt that due to their many years of experience in the field they may have become 
a little complacent and sometimes took their own safety for granted.  The workers also felt 
that drivers do not pay much attention to them or do not seem to notice them, and that this 
was a safety concern.   

Generally, most of their survey work is conducted between 9:30am and 4:30pm to avoid 
peak hour traffic.  Sometimes, they will work outside of these hours if measurements need 
to be taken from areas other than on the road (e.g., the footpath).  Work is very rarely 
conducted during the night, and on such occasions the road or a particular lane where they 
are working at the time is blocked. The workers said they generally did not work for more 
than 1½ hours at a time.     

If it is necessary to survey a very busy area such as an intersection or part of a freeway, the 
work is conducted from around 6:00am on a Sunday morning and the area is partially 
blocked to traffic. In these circumstances, the road-works signs are not set up by the 
surveyors but by VicRoads contractors. 

The workers could not recall any serious critical incidents during their years of work.  The 
most serious incident they could remember occurred when the sweep of a turning semi-
truck crushed the tripod that was stationed on a kerb.     

4.2.2 Rural worksite 

Observations and interviews took place with two LI&S workers at a worksite on a major 
rural highway. 
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Description of work procedures 

The crew’s duties were to survey approximately 500m of the roadside and immediate 
landmarks on the highway in preparation for the construction of an interchange.  Various 
distances between points (horizontal angles) as well as the height (vertical angles) of 
different landmarks were measured to determine where the ground needed to be levelled. 

Four pairs of standard roadworker signs were placed on both sides of the road on both 
approaches to the worksite (the minimum requirement is one pair at each end). The 
distance between the first and second sets of northern signs was 190 metres.  The distance 
between the third and fourth sets of southern signs was 280 metres.  The worksite (the 
distance between sign sets two and three) was 560m in length. 

The workers used a plumbing stick that could read measurements within a 360-degree 
radius.  The main advantage of this is that it minimises the number of times workers need 
to cross the road.  Additionally, less attention needs to be paid to tracking (i.e., worker 
does not need to look at the pole as much and hence has more time to watch out for his 
own and his partner’s safety).   

Perceived hazards and safety measures 

The workers said that they had previously used ‘surveyors on road’ signs in addition to the 
standard signs, but no longer did so due to the limited space they had in their vehicle for 
additional equipment and the additional time spent setting them up and retrieving them.  

High speed traffic passing through the works zone was the main concern expressed by the 
surveyors.  The workers felt that a police presence to control speeds would make their job 
much safer. Presence of enforcement is known to create a reduction in road user speeds.   
Their requests for a police presence have been denied.  The workers also said that they 
would prefer to have a ‘prepare to stop sign’ in addition to the signs already in use. 

Both workers wore the standard issue retroreflective vests with the VicRoads emblem.   
Although they were very cautious around traffic, the workers felt that most drivers do not 
notice them and that fatigued drivers travelling in rural areas were a safety concern. They 
did suggest that their own long term experience in the job was their major safety benefit.  

These employees preferred to avoid working on or near roadways between 8am and 9am 
and between 3:30pm and 4:00pm due to the higher levels of traffic at these times, however 
they did not always have this option. They said that they tried to take regular breaks during 
hot weather and during long shifts but again this does not always happen in practice. 

Two traffic cones with retroreflective tape were placed around the tripod at the roadside in 
the work zone between signs 2 and 3.  The choice of these cones over the standard plain 
orange cones is questionable as retroreflective tape confers no added advantage for 
conspicuity in daylight. Perhaps there is a preference for these cones in the event that 
workers are required to start work earlier or later than expected and run the risk of working 
in darkness. 

In order to maximise safety, the workers only took measurements on the road where there 
was a break in the traffic and when they felt that it was safe to do so.   

Findings:  Insufficient conspicuity appears to be a major safety issue for surveying.  
The possibility of more appropriate signs should be investigated.  There is a need to 
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ensure that necessary safety equipment is always available and functioning.  Fixed 
speed cameras at worksites may be one method of reducing speeds at worksites, 
particularly on rural highways.  

4.3 WORKS 

4.3.1 Metropolitan worksite 

A member of the research team spent a shift with a metropolitan Works crew.  The crew 
comprised two employees travelling in a 4½ tonne bright yellow VicRoads truck with a 
crew cab; equipped with flashing roof beacons and a roof-mounted flashing arrow board. 

Description of work procedures 

A job list is distributed each morning. The crew loads their truck with sufficient supplies to 
carry out their tasks. Lunch may or may not be taken back at the depot. Other tasks may be 
assigned throughout the day. On this particular day tasks included: 

• Replacing and repairing a number of road signs that had been struck by vehicles. 
The signs were beside the road and in the middle of a roundabout (see Figure 4.2).  

• Assessment of damage to a wire-rope barrier beside a freeway.  

• Picking up debris in the emergency lane (and on the road) that might be considered 
dangerous. 

• Patrolling the roadway for damage and debris. 

While picking up roadside debris one worker drove the truck in the emergency lane behind 
another worker who walked along picking up items. Debris was primarily in the form of 
pieces of truck tyre.  They do not pick up general rubbish or items deemed to be of no 
immediate risk to motorists (i.e. if it is of sufficient distance from the road). The walker 
was only outside the truck while there was debris to be seen. He then returned to the truck 
until more items were found. 

Stationary jobs took from a couple of minutes up to an hour or so.  

Safety measures 

The workers wore standard VicRoads red/orange safety vests over dark green VicRoads 
overalls. One worker also wore a red VicRoads legionnaire’s-type cap (the neck shade was 
also red).  The workers wore their vests all day. 

While repairing road signs (and the truck was stationary), a roadworks sign and several 
cones were deployed – as per guidelines. On several occasions one worker was almost 
finished the repair job by the time the other had finished deploying the cones. The flashing 
orange beacons and arrow board were used whenever works were being carried out 
(whether truck was stationary or not). 

Where possible, the truck was parked behind the works/workers to provide some 
protection. 
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Figure 4.2 Works employees replacing a chevron marking in the centre of a 
roundabout. 

 

 

Figure 4.3 Works employee placing cones in the centre of a roundabout. 



42             MONASH UNIVERSITY ACCIDENT RESEARCH CENTRE 

Perceived hazards 

The truck does not always fit into the emergency lane, such as when crossing bridges. In 
some instances the driver had to get out to pick up rubbish as the truck was parked too 
close to the bridge supports to open the door (and the truck was still projecting into the 
roadway). 

In many places there is little to no space in the centre median, and the traffic is too fast and 
constant to retrieve potentially dangerous debris. 

Sometimes parts of the emergency lane are taken over by road width extensions. 

It was asserted that VicRoads contractors are not held to the same level of protection and 
safety as VicRoads employees, and this may be an opportunity to cut costs when 
competitively tendering. 

Workers consider the deployment of signs and cones as one of their most dangerous tasks, 
particularly when they are bringing them back in and have their back to the traffic (see 
Figure 4.3).  The workers would prefer some degree of flexibility to decide the merits of 
deploying cones in particular circumstances. 

The employees interviewed felt that their safety concerns were not really acknowledged by 
the hierarchy; but they also admitted that they had no firm suggestions about what could be 
done to increase safety levels.  This suggests that the consultation framework in relation to 
safety concerns may not be operating properly.   

4.3.2 Rural worksites 

Interviews and observations took place at four rural worksites.  The tasks varied from 
visual inspections and assessments of road surface condition to repair of damaged 
pavement.  

Worksite 1:  Visual inspections and assessment 

A works employee was accompanied while he made visual inspections and assessments of 
the condition of the road surface (texture, stone loss, embeddedness), assessed the 
condition of road signs, and measured and marked areas of the road that required 
maintenance (re-sealing). The worker usually performs these tasks alone. Most of the his 
time is spent on or near roadways with any paper work generally being done at his home.  
Much of the time was spent idling along the side of the road at about 20 km/h or slower 
with the potential for a rear-end collision.   

Safety measures 

The worker travelled in a white VicRoads sedan with roof mounted flashing lights, which 
were left on when the vehicle was parked on the shoulder. No other safety devices, signs or 
cones were set up for inspections and assessments as the worker only spent a brief interval 
at each location before moving on. In most cases it was necessary for the worker to get out 
of the vehicle to make an inspection, but sometimes it was sufficient to make observations 
from inside the vehicle.  When inspections were made from inside the vehicle, the worker 
travelled very slowly on the shoulder and put the roof-mounted flashing lights on.  He 
suggested that a sign that clips to the towbar reading “inspection in progress” would be of 
benefit.  An alternative might be the use of a variable message sign. 
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The employee wore the dark coloured VicRoads uniform and the standard retroreflective 
vest, which was extremely worn and faded.  The worker said that he had had the vest for 
only three months and had washed it about twice.  Despite being fairly new, the vest was 
probably in poor condition due to the large amount of ‘dirty work’ required on the job.  All 
Works members are required to carry extra vests in their vehicles.  The worker also wore a 
bright coloured cap.   

The worker stated that he generally worked alone but felt safer when working with 
someone else.  Requests not to work alone, however, are always permitted by the Works 
group leader. 

Worksite 2:  Resealing intersection of rural highway 

Observations and discussions were held with three Works group members.  Their normal 
duties involve general road maintenance, including unblocking drains and culverts, 
repairing or replacing posts and road signs, filling pot holes, and repairing areas of the road 
that have been damaged. 

Perceived hazards 

The workers said that the most dangerous aspect of their job was working close to 
oncoming high-speed traffic because not all drivers slow down and pay attention to the 
workers.  Even simply stepping out of the truck close to the path of oncoming traffic was 
described by the workers as being quite dangerous.  Indeed, where there is little room to 
park the vehicle on the roadside, the worker runs the risk of having his door blown off lest 
he checks his mirrors and looks behind him before stepping out.  There is also a danger 
that, although road users might notice the truck, they may not see the pedestrian worker/s 
standing by the vehicle.   

Safety procedures 

On this particular occasion the workers’ task was to re-seal two areas of the road that had 
been damaged.  The three workers spent about half an hour setting up on the roadside (they 
had some trouble with some of the equipment).  As the part of the road being re-sealed was 
on the intersection itself, one of the workers stood outside the truck and kept watch for 
oncoming traffic while the other two workers drove the truck into the appropriate area.  
About fifteen minutes was required to re-seal the damaged section, after which the workers 
moved the truck to another area of damaged road about 20 metres north.   

Although the workers carried road signs on board the works vehicle, none were set up.  
Nor were any traffic cones deployed.  This was due to the relatively short time required to 
fix the roads and because most of the re-sealing was done on the edge of the road. The 
workers said that they would set up the standard signs and use stop and start bats to control 
passing traffic if they had been working closer to the middle of the road. 

The second set of roadworks was relatively more dangerous because it was close to a 
sweeping bend in the road (although traffic coming around the bend on approach to the 
works was on the opposite side of the road).  Due to the position of the roadworks, the 
truck was not able to be used to shield the pedestrian workers from passing traffic. 

The workers are required to attend compulsory OH&S courses in addition to in-house re-
training courses on the correct and safe usage of stop and start bats and machinery such as 
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chain saws.  The workers could not recall any critical incidents.  They felt that although 
training is very important, most of their safety stemmed from using their own common 
sense, which they believed came from being an experienced worker. 

Worksite 3:  Reseal midblock section 

Observation and discussions were held with eight Works groups members whose task was 
to repair and re-seal a large portion of the road that had been extensively damaged by fire. 
The road was a quiet section of a relatively minor road.  

Safety measures 

As the works were relatively long-term (approximately five hours) and a lane was blocked, 
the full set of road signs were in place and traffic was controlled with stop-slow bats. 

Four pairs of signs (8 in total) were placed on both sides of the road.  The signs consisted 
of the standard worker sign along with the appropriate speed limit sign posted at the top.  
Additionally, two small red flags were placed on the top of each sign to attract driver 
attention to the signs.  Yellow ‘Prepare to Stop’ signs were used at each of the 60 km/h 
speed limit signs and yellow ‘Traffic Hazard Ahead’ signs were posted at both ends of the 
works between the 80 km/h and 60 km/h speed limit signs.  The distance between the first 
and second sets of signs (80 km/h and 60 km/h respectively) at the eastern end of the 
works was 510 metres.  The distance between the first and second sets of signs (80 km/h 
and 60 km/h respectively) at the western approach was 520 metres. The worksite (the 
distance between the first signs at each end) was 410 m in length.  Six traffic cones were 
set up to block the lane where the works were being conducted.   

Two works trucks with roof mounted ‘Patrol’ signs and flashing lights were used.   

Perceived hazards 

Although the lane was blocked, the workers’ main concern was traffic passing too closely 
to the workers and to the works.  This may have been due, in part, to the relatively narrow 
road and the lack of space on the gravel shoulders.  Additionally, it was observed that 
although nearly all road users travelled at safe speeds through the works zone, many 
exceeded the posted speed limit signs on approach to the roadworks (i.e., through the 60km 
zone where speeds were measured). 

A bend on the eastern approach at the 80 km/h speed sign meant that drivers were not able 
to see either the 60 km/h sign or the actual works zone in the distance.   

The workers again felt that excessive speed and a lack of concentration by drivers was the 
main threat to their safety.  One of the workers was particularly concerned at the lack of 
police presence at roadworks, a concern felt by most of the roadworkers interviewed.  
However, this worker had experienced several critical incidents prior to working with 
VicRoads and most of his concerns seemed to stem from his previous job.  On the 
contrary, another worker said he thought that requests for police presence were mostly 
accepted.  Overall, however, most roadworkers would prefer police presence to monitor 
speeds at roadworks rather than having to call on police after an incident has occurred.  
Furthermore, in the latter situation, some workers are reluctant to call on police because 
there is a chance that they will be required to attend court, a situation that they would 
prefer to avoid. 
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Worksite 4:  Reseal of midblock section of rural highway 

Observations and discussions were held with six workers whose task was to repair and re-
seal a large portion of a rural highway that had been damaged.   

Safety measures 

As the works were relatively long-term (approximately seven hours) and a lane was 
blocked, the full set of roadworks signs were in place and traffic was controlled with stop-
slow bats. 

Four sets of signs (8 in total) were placed on both sides of the road.  The signs were the 
standard worker signs with the appropriate speed limit sign posted at the top.   

The two-lane road was fairly narrow with gravel shoulders.  Sight distance on the west-end 
approach to the works was good as the road was very straight.  On the eastern end there 
was a slight bend which meant that oncoming drivers could not see the works or the 
workers ahead until they reached the 60 km/h speed limit sign.   

Perceived hazards 

One of the traffic controllers was concerned that drivers do not heed the posted speed limit 
signs because they are not able to see the workers or the works ahead and therefore cannot 
judge how close they are to the worksite.  Of greater concern is that many drivers tend to 
judge for themselves the potential hazardousness of the situation and such an assessment is 
often not made until the driver is actually able to see the works-zone itself.  These 
comments are consistent with those found in the VicRoads (1990) study of road-user 
behaviour at roadworks.  The worker felt that a sign with the words ‘Roadworks 
(200/400m) ahead’ would be more effective in slowing down drivers because they are at 
least made aware that they are approaching an unknown and potentially hazardous 
situation.   

One of the workers (who had more than 20 years experience on the job) said that 
Wednesdays are the best days to work because the roads tend to be quieter.  Also, there 
seemed to be variations in the volume and rate of traffic on rural roads depending on the 
time of day.  Between the hours of 1:30pm to 3:30pm it was felt that drivers tend to be less 
alert and more fatigued.  This is likely to be most evident where the road is extremely 
monotonous; very straight and at times fairly quiet.   

Road users in rural areas were considered to be less observant and alert than city road 
users.  The latter are probably exposed to more and varied hazards than the former.  One of 
the workers also found it easier to concentrate while working in busy city areas as opposed 
to rural areas.  He felt that it is easier to become complacent when the roads are quiet. 

The workers could not recall any critical incidents during their time at work.  One worker 
said that occasionally drivers do not notice the stop/slow bat in front of them until the 
worker waves it about to attract the driver’s attention. 

Findings:  Traffic passing too fast and too close are the major concerns of Works 
employees.  Vehicle-mounted speed cameras at worksites may be one method of 
reducing speeds at worksites.  There is a view that the dangers involved in 
deploying cones and signs must be weighed this up against the protection they may 
provide.  Workers use the truck as protection whenever possible.  In the 
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metropolitan area, there can be a lack of safe places to park the truck (and exit 
from the truck).   

4.4 TRANSPORT SAFETY SERVICES 

Transport Safety Services employees have duties relating to the detection of violations of 
roadworthiness and mass limits by heavy vehicles and providing escorts for wide loads 
where these are needed.   

For heavy vehicles, TSS employees  

• check driver licence and vehicle registration 

• assess some elements of vehicle road-worthiness (tyres, lights, reflective signs, 
windshield wipers) 

• determine the likelihood that the vehicle exceeds the weight limit and either weigh the 
vehicle using portable scales or escort it to a weighbridge to be weighed. 

As part of this research project, Transport Safety Services (TSS) officers were 
accompanied for three separate standard shifts – a metropolitan dayshift, a metropolitan 
night shift and a rural day/night shift.  In addition to these shifts, TSS officers were also 
observed performing another of their regular (although less common) duties – escorting an 
over-dimension load.  

4.4.1 General issues raised by TSS officers 

There are about 50-60 TSS officers in Victoria.  They consider that the educational 
component of their jobs (presentations to industry, truck shows and talking to individual 
drivers they stop) is an important counterpoint to the enforcement component.  

Some officers believe that marked cars are superior to unmarked cars in their effectiveness 
as a deterrent as well as providing improved conspicuity to the operation (and thus 
improving employee safety, particularly for heavy vehicle escorts).  Currently, only about 
10% of TSS cars are marked.  It was remarked that the additional cost of marked cars 
(about $3,000 for a span bar with a 10-year life compared to $800-$900 for lighting for 
unmarked cars) may be contributing to the lack of marked cars. 

It was noted that wide load escorts would be easier and safer if CB radio was provided for 
communication but funding for this was refused. 

Several TSS employees noted that the VicRoads policy of hard-wiring headlights was a 
problem when they wanted to have flashing headlights during the day (e.g. for wide load 
escorts) or when they wanted to remain inconspicuous at night.   

A number of manual handling issues were raised relating to the weight of the portable 
scales and their need to be lifted in and out of the boots of sedans (and rear of the 2 station 
wagons).  A “home-made” cargo barrier has been fitted inside the boots of the sedans to 
prevent the scales sliding forward in an impact.   

There is widespread concern among TSS employees regarding safety vests.  They maintain 
that the job that they perform is markedly different than that of roadworkers and therefore 
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they do not want to be confused with them.  They would prefer to have lime/yellow vests 
like police so that members of the public can recognise that they are performing an 
enforcement task.  This is related to concern that the TSS is not well known by the public 
and that this leads to unsafe behaviours by the public because they do not know what is 
going on.   

Practices in relation to safety equipment and in relation to one or two person operation at 
night differ among regions.  

4.4.2 Metropolitan day shift 

Perceived hazards 

It was observed that exiting the car on the driver’s side was a hazardous situation for TSS 
employees.  This appeared to be hazardous whether the TSS car was parked in front of or 
behind the truck.  When the TSS car is parked in front of the truck, vehicles approaching 
from behind the truck cannot see the TSS car and the driver exiting the TSS vehicle cannot 
see the cars.  The vehicles approaching often attempt to overtake the parked truck and 
move into the lane in front of the truck where the TSS vehicle is parked.  Parking the TSS 
vehicle further out into the traffic lane would make it easier to see but would add another 
difficulty to the task of exiting by the driver’s door. 

It was commented and observed that safety equipment was sometimes not functioning or 
its performance was degraded.  Span bars were not always functional and there were often 
delays in having these repaired.  The magenta lights in unmarked cars appear to fade very 
quickly and become less conspicuous, even when flashing. 

The process of pulling over a truck can result in dangers to other road users from the truck 
in some situations e.g. rain, static operations, multi-lane traffic.  Speaking to a driver who 
chooses to remain in his truck can pose safety issues when the TSS employee climbs up on 
the side of the truck (see Figure 4.4). 

Personal safety issues arise if the truck driver becomes abusive or violent.  The interaction 
between the TSS employee and the truck driver takes place away from the TSS car and 
therefore alerting anyone of an emergency would be very difficult.  Some TSS employees 
carry personal mobile phones for this reason.   

The weight of the portable scales is a potential hazard from the point of view of manual 
handling and in terms of reducing occupant protection (e.g. transmitting forces in rear 
impacts). 
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Figure 4.4 Transport Safety Services employee speaking to truck driver in the 
metropolitan area.   

4.4.3 Metropolitan night shift  

A member of the research team accompanied two uniformed TSS officers on a 
metropolitan night-shift (4.30 pm to 11.30 pm).  The TSS team were travelling in an 
unmarked sedan, equipped with flashing magenta lights in rear window.  Their duties were 
to intercept heavy vehicles and 

• Assess some elements of roadworthiness (lights, windshield wipers, steering, tyres, 
reflective signs) 

• Determine likelihood of exceeding weight requirements and if necessary (discretion 
of officer) escort vehicle to a public weighbridge for checking 

• Check licence and registration 

Description of work procedures 

Heavy vehicles were always followed for at least a short distance while the officers judged 
the likelihood of it being overweight and the degree of roadworthiness. On some occasions 
speed was also checked while following the truck.  A variety of trucks were pulled over – 
4.5t trays, medium rigids, semi and B-double. One B-double was weighed along with 
several semis; no smaller trucks were weighed. Due to problems in the design of the public 
weighbridge, no B-doubles were weighed after dark. 

When trucks were pulled up in the freeway emergency lane the car always parked behind 
the truck and projected approximately 1m further into the road than the edge of the truck. 
If the workers considered that the truck was not a safe distance from the traffic the driver 
was asked to move their truck.  The officers always determined where they were going to 
park the truck before pulling the driver over.  On a couple of occasions the car was parked 
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in front of the truck, but only when both the truck and the car were more than several 
metres from the edge of the roadway. 

Safety measures 

The flashing lights were not particularly visible in daylight.  When the car and truck were 
close to the edge of the road with the lights flashing few cars moved to the edge of their 
lane (centre of the road) or changed lanes to increase the clearance. 

The only part of the officer’s uniform that was brightly coloured or retroreflective was the 
vest.  The officers wore their vests for the whole shift, except for during a meal break 
while they were inside a fast food restaurant.  On occasion one officer also wore an orange 
VicRoads cap. 

Perceived hazards 

Many TSS employees expressed resentment at being required to wear the standard 
orange/red VicRoads vest rather than the lime green version used by the Police. They are 
of the opinion that all emergency personnel should be consistent in their use of the vest. 
They considered that a recent near-miss could be partially blamed on not being allowed to 
wear the green vest. 

The public are generally not aware of the existence of TSS, and so when they see the 
orange vest they probably think they are roadworkers.  Thus drivers may not recognise that 
an enforcement task is being undertaken and be looking on the roadway for roadworkers, 
and not notice TSS employees walking around the trucks (or expect trucks to be pulling 
over). 

The dark uniform can blend in with the roadway and make them more difficult to detect, 
particularly if part of the safety vest is obscured by the truck.  

Sometimes parts of the emergency lane are taken over by road width extensions which 
means that the truck and TSS vehicle cannot be pulled off the road completely. 

As well as considering their own safety, there is also concern for the truck driver, who 
usually alights from the cab on the traffic side and walks down that side to the TSS car, 
sometimes with seemingly little consideration for his own safety regarding passing traffic. 

As the truck is large, a TSS officer or truck driver may not be immediately noticed when 
they step out from in front of it. Additionally, it is hard for the officers to see around the 
truck into the oncoming traffic until they have placed themselves at risk of collision (as 
opposed to the car where they can see over it or through the windows). 

The driver of a TSS car is in particular danger when they open their door to alight from the 
car.  The driver needs to turn his/her head or use their mirror(s) to check for oncoming 
traffic before opening the door; and as soon as they do so they are in danger (eg the door 
could be caught by a gust of wind even before it is opened very far).  The view of 
oncoming traffic may be obscured by the truck. 

They estimate that around 2% of drivers are potentially violent and angry. 

TSS employees commented that they are possibly more conscious of dangers now than 
when they were younger (i.e. they haven’t become blasé with experience). A related issue 
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is that the average age of TSS personnel is quite high, and there will soon be a reduced 
opportunity for mentoring as personnel retire.  

4.4.4 Metropolitan night shift – wide load escort 

The TSS had previously been involved in a number of similar load escorts on this route, 
and indeed elements of the route had been purposely built to specifications to cope with 
large loads involved in the construction of a major utility.  However, this would be the first 
time that such a load had travelled the route in the other direction. 

A number of organizations besides the TSS were involved in the shift, including the 
contractor and their pilot vehicles, United Energy (on hand for when low power lines were 
a problem), contractors who removed and replaced road furniture when necessary (such as 
traffic lights and signs), and a VicRoads incident management vehicle.  This report focuses 
on the hazards from the point of view of the TSS officers only, and then primarily when 
they were on foot and potentially in danger from traffic.  

At the invitation of the TSS, a member of the research team attended a planning meeting at 
VicRoads that involved most of the TSS officers who would be involved in the escort and 
representatives from the transport company.  The primary focus of this meeting was to 
finalise the route and timings of starts for each evening, to designate preferred places for 
rest stops, and identify and discuss any issues of concern in a roundtable format. 

During the load shift, the research team member also accompanied a TSS officer for what 
was expected to be the most hazardous section of travel from the point of view of the TSS 
officers.  This section was chosen for observation because it involved load travelling on the 
wrong side of the road, and because of the expectation that there would still be a 
reasonable amount of traffic through the town at the time that the load passed through – 
between 9 pm and 11 pm.  These times were chosen by VicRoads to ensure sufficient time 
to arrive at the destination early the following morning, and in a bid to avoid the times that 
trams operate. 

The researcher travelled with one particular TSS officer.  His set tasks for the evening were 
representative of those assigned to all of the officers, his equipment was the same as that 
used by the other officers, and his experience of wide load escorts considerable. His 
comments and tasks are therefore expected to be representative of each of the officers 
involved.  

Description of the work procedure 

The primary purpose of a TSS over-dimension load escort is to minimise traffic interaction 
with the load (or load vehicles) in order to maximise the safety for motorists. This task was 
somewhat more involved for this particular load due to its size and the number of other 
escort and pilot vehicles. The load vehicle took up multiple lanes and due to its weight 
(approximately 600 tonnes) required four prime movers to push/pull it. The contractor also 
had a spare prime mover, a number of vehicles on hand for mechanical repairs and 
additional pilot vehicles for escort duties.  

Due to its size and weight, there were a number of instances during the trip where the load 
was required to travel on the incorrect side of the road in order to avoid road structures 
such as culverts and bridges that were deemed not strong enough. As the load approached 
each intersection, TSS staff had to stop traffic travelling towards the load. In some 
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instances this traffic was diverted, depending on how far ahead of the load the intersection 
was.  

With the number of TSS staff on hand, officers were taking control of intersections and 
then handing them over to pilot vehicles as they approached. The pilot vehicle only had to 
maintain the intersection. When deemed safe by the TSS officer, he moved to his next 
assigned intersection. Each officer had been pre-assigned particular intersections. 

Safety measures 

All TSS officers wore a standard-issue orange overcoat, which had lime-green 
retroreflective strips sewn into a number of places on the garment. These coats were 
relatively new to the TSS officers – one officer remarked that they were an improvement 
over the previous standard-issue coat. 

Each TSS officer had a TSS car fitted with magenta roof-mounted strobe units, although in 
some cases they were smaller magnetic bubble units and the car was not marked as a TSS 
or VicRoads vehicle and did not have any retroreflective badging.  Each car had a set of 
orange cones with silver retroreflective tape for use in blocking intersections.  The officers 
also carried a red ‘light stick’ for use in directing traffic (this was not the case on some 
other escort jobs). It was noted that officers did not wear anything to increase night-time 
visibility on their heads, hands, legs or feet as recommended by the Australian Standard.  

A whistle was used to attract the attention of motorists.  Portable two-way radios were 
issued to officers for communication, but it was noted that these were often of little use – 
some of the units did not work properly and others were useless outside line-of-sight 
conditions.  The lack of good communications between officers was identified as a concern 
by the officers.  

Perceived hazards 

The TSS had specifically identified the passage of the wide load through the town as the 
most hazardous from their point of view due to the amount of traffic expected in the area, 
and the fact that the load had to travel on the wrong side of the road.  However, this may 
not have been the most dangerous leg of the trip from the point of view of motorists or the 
privately contracted pilot staff in their vehicles.  The issues described below reflect the 
observations of the researcher and conversations with the TSS officers regarding the 
danger to them as they were directing traffic.  

The lack of visibility-enhancing clothing other than the coat was identified earlier.  The red 
light stick for directing traffic may also have been deficient in that it was not particularly 
bright and was a constant light – a unit that flashed, changed colour or had a ‘wave’ of 
light moving along its length may have been more visible, particularly against the flashing 
lights of the TSS vehicle.  

It should also be noted that while it was dark, this section of travel was under street lights, 
and so any visibility-enhancing equipment would be seen against other lit and often 
coloured objects, such as traffic lights and retroreflective signs, and the retroreflective 
striping on the marked TSS cars. The potential for not seeing small coloured items against 
a backdrop of like-coloured equipment was identified as a potential problem in the review 
section of this report.  
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Maximum safety could be attained by diverting or stopping all traffic well in advance of 
the load, however a trade-off is evident where the disruption and potential inconvenience 
to motorists is accorded a reasonably high priority.  This concern was identified in the 
descriptions of observations of other TSS work crews.  

A desire to limit the disruption for motorists was evident here in a plan change where, 
rather than diverting traffic around a more circuitous route, it was directed down a service 
road to travel past the load. With no-one specifically managing the flow of traffic down 
this road it would have been easy for an incident to occur if vehicles were either parked in 
this street or any of the vehicles decided to stop to view the load as it passed.  

It was evident that a number of people had advance notice of movement of the load.  In 
several places members of the public had gathered, some with cameras, to see the load as it 
passed.  The sheer size of the load-vehicle was a spectacle in itself, in addition to the fact 
that it was lit up by floodlights attached to the load vehicle.  On occasion TSS officers 
were distracted by spectators asking questions about the load, its origin and destination. 

TSS officers were also distracted from their task from time to time by motorists they were 
diverting. Vehicles would stop and occupants would ask why they were being diverted (in 
advance of the load the transport vehicles were not always visible) or ask for suggestions 
as to how they could use an alternative route to reach their intended destination. Some 
motorists became verbally abusive when they were not able to proceed along their intended 
route. It is likely that the existence and purpose of TSS officers is not as well known by the 
public as police officers, and so they are not likely to be afforded the same level of respect.  

Ordinarily, when an intersection is controlled by a relevant authority, such as a police 
officer, the traffic light signal sequence can be overridden.  Alternatively, the officer may 
direct traffic in accordance with the traffic lights – either way there is a consistency 
between the directions being given by the officer and those provided by the traffic lights.  
However, in this particular instance, the TSS officer was directing traffic against the 
sequence of the traffic lights.  

The inconsistency between the directions provided by the TSS officer and that provided by 
the traffic lights may have been unavoidable due to the temporary nature of the 
obstruction. The logistics of altering or controlling a traffic light sequence may have 
required more time to set up at each intersection than the length of time that elapsed 
between the TSS officer arriving and the load passing through. Regardless, the potential 
confusion for motorists could pose a hazard for the TSS officer(s), and indeed for the 
motorists.  Without sufficient TSS staff to control all arms of each of the intersections, a 
TSS officer could direct a car to enter the intersection against the lights while another 
vehicle entered from another road, having being given the right of way by the traffic lights; 
indeed this was observed to occur (although there were no near-misses between motorists).  

The situation was compounded by the time pressure on the TSS officer to clear the 
intersection and the relevant intersection approaches before the load arrived. A further 
hazard could arise if motorists look to the private pilot vehicle staff for direction, who may 
intentionally or unintentionally encourage a motorist into an intersection. 

The time pressure to reach, control, and clear an intersection before the load arrived is a 
hazard in itself. The load had to reach the final destination by a set time (with time to spare 
for breakdowns). Additionally, the momentum and inertia involved with such a heavy 
vehicle meant that stopping and starting had to kept to a minimum. There was little spare 
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time to ensure that an intersection was safely controlled before each officer had to move to 
his next assigned intersection or traffic control point, leap-frogging around other TSS 
officers at other advance intersections. 

Other observations 

Cost of the operation and extent of inconvenience to motorists were two major 
considerations taken into account during the planning and execution of the escort.  There 
exists potential that these considerations could outweigh concerns of the staff involved.  

While the TSS is an enforcement authority, in this instance they also operated as a 
subcontractor for a private company – their escort services were provided at a cost to the 
haulage contractor. As with any business, the profit is maximised by minimising costs. 
There was also an effort not to impose unreasonable costs on the haulage contractor.  It 
was noted, for example, that there was no police involvement in escorting the load.  

Additionally, the use of pilot vehicles and staff from several organizations to block some 
elements of intersections was potentially problematic. While they may have received some 
training for such tasks, there was no consistency to their vehicles in terms of vehicle 
markings, nor were the individuals wearing consistent, or in some cases appropriate, 
visibility- enhancing clothing for night operations.    

4.4.5 Rural day/night shift 

Observations and discussions were held with two Transport Safety Services (TSS) officers 
working from 2 pm to 10 pm in a rural region.  Their duties were to monitor heavy vehicle 
safety compliance.   

Description of work procedure 

Shifts are conducted from between 8 am to 4 pm, 4 pm to 12 am, and 2 pm to 10 pm with 
an even number of each shift conducted per week.  Generally, the officers travel 
approximately 300-400 km per shift and sample a variety of roads in the region each week.  
The officers spend about half to one day per week in the office completing the necessary 
paperwork. 

The officers sometimes work alone although generally they work in pairs. In the latter 
case, they decide who will drive prior to the commencement of the shift and this role is 
usually assigned for the duration of the entire shift.    

In terms of crew duties, the officers’ role was to intercept heavy vehicles that were 
travelling either towards or away from them.  The decision to intercept a vehicle is at the 
discretion of the driver and was based on his initial judgement of its roadworthiness and 
weight.  However, the officers stated that the decision to intercept must first and foremost 
be weighted against other safety factors including the availability of a safe place to pull the 
vehicle over, timing (i.e., the distance between the work vehicle and the vehicle to be 
intercepted) as well as weather and visibility conditions.  The officers said that if the risks 
to themselves or other road users were judged by them to be too great in any given 
situation then vehicle interception would not take place. 

Each vehicle was intercepted from either behind or in front depending on which method 
the officer deemed would most safely and most effectively attract the driver’s attention in 
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the particular situation.  The practice was that the officer activated the interior flashing 
lights once he was directly behind or in front of the driver and then switched them off once 
both vehicles had been safely pulled off to the side of the road.  Apart from the vests, the 
vehicle indicator served as the only form of visibility enhancement for the officers whilst 
inspections were being carried out in daylight.  During night-time inspections, the officers 
carried torches and the vehicle’s interior flashing lights were sometimes left on.  
Sometimes a vehicle was pursued for quite some time before being intercepted because 
there were other vehicles in the way and or there was no safe place in the immediate area 
to pull the driver over.   

Once a driver had been pulled over, the TSS vehicle was always parked about 5-6 metres 
directly behind the truck.  One officer spoke to the driver and conducted a licence check 
while the other officer inspected the road-worthiness of the vehicle, noting down anything 
important.  

Eight trucks were pulled over during the shift including semi-trucks, B-doubles and 
medium rigids.  No light trucks were weighed.   

Perceived hazards 

The officers stated that their job is classified as ‘high risk’ and this was particularly evident 
when the officers had pulled a vehicle over and were pedestrians in very close proximity to 
high speed passing traffic.  In most cases, the distance between the officers and passing 
traffic was only a few feet and some passing drivers (though not all) found it necessary to 
increase the clearance by passing across the centre lines when it was safe to do so.  The 
officers said that most intercepted vehicles pull over as far away from the road as is 
possible.  However, it was observed that even in these situations the officers and the truck 
driver were still very close to passing traffic as there was very little space to park by the 
side of the road.  These factors together with the high level of traffic noise and wind-gusts, 
would increase the risks to the officers’ safety despite their many years of experience on 
the job.  Indeed, while both officers felt that having more experience was advantageous, 
they still felt that passing traffic posed the greatest risk to their safety and that not a lot 
could be done to change this. 

In most cases it was necessary, due to the height of the trucks and to the high noise levels 
from passing traffic, for one of the officers to climb up onto the truck to speak to the driver 
(see also Figure 4.4).  The officers said that this was extremely dangerous given that if they 
were to lose their balance they would most likely fall into the path of oncoming traffic.   

The officer driver and the intercepted driver were particularly at risk when alighting from 
their vehicles.  It was necessary for them to check their mirrors or look behind to check for 
oncoming traffic prior to getting out of their vehicles lest they be in danger of having their 
doors blown off. 

Due to the large size of trucks, an officer or driver may not be noticed by passing drivers 
when they step out from in front of a truck.  Furthermore, it is not possible for an officer to 
check for oncoming traffic by looking over the top of the truck or through the rear window 
as would be done in a car or smaller vehicle.  The officer is therefore forced to move close 
by to the path of oncoming traffic to check. 

The officers felt that the work was particularly dangerous where the highway was not 
divided.  This meant that passing drivers could only move out of their own lane to make 
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extra space for the officers when there was no oncoming traffic. Due to the high volume of 
traffic, this was a rare occurrence. 

The officers said that most drivers were cooperative as they were used to being intercepted 
by TSS workers.  At times, the officers and the drivers even recognised or knew each 
other.  However, the officers have also encountered ‘difficult’ drivers who have been 
argumentative and abusive.  Several incidents were recalled where drivers would 
deliberately stop in the middle of the road as opposed to pulling over to the side, or would 
deliberately stop very suddenly increasing the risk to the officer of running into the back of 
the vehicle. 

One of the officers recalled a critical incident in which a man was hit by a passing vehicle 
whilst he was standing on a stationary truck speaking to the driver.  The man was knocked 
off and suffered extensive injuries; he has since returned to work after having been away 
for several months. 

Safety measures 

The officers travelled in a white unmarked sedan equipped with interior front and rear 
magenta flashing lights that were made operational when a vehicle was being pursued and 
or intercepted.  There was also a CB radio and a two-way radio on board. 

Both officers wore khaki coloured VicRoads uniforms (shirt and trousers) and a safety 
vest.  One wore the standard VicRoads D/N orange vest with retroreflective strips while 
the other wore a less conspicuous orange vest with retroreflective grey VicRoads lettering 
on the front and back.  The officers’ dark coloured uniforms did not help to increase their 
conspicuity.  They put their vests on before the commencement of the shift (prior to getting 
into the vehicle) and removed them at the completion of the shift (after getting out of the 
vehicle).  The vests were removed only for the duration of a meal break when the officers 
were not inside their vehicle. 

The officers reduced the risks to their safety by standing in front of the heavy vehicle 
whilst speaking to the driver (if indeed the driver got out of the vehicle) because the 
vehicle would provide some protection in the event of a collision.  In practice, this was not 
always the case because not all drivers dismounted from their vehicles.  

The officers said that if it were necessary for them to conduct lengthy investigations, they 
would escort the driver to another place away from passing traffic.  Generally, 
investigations varied between 5 and 15 minutes in duration. 

The officers have attended regular Occupational Health and Safety courses as well as Hand 
Signal courses that are mandatory for all employees.  The latter courses are necessary as 
sometimes officers are required to escort vehicles safely off to the side of the road for 
inspection.   

Findings:  Insufficient conspicuity appears to be a major safety issue for TSS staff.  
This relates to both personal conspicuity (dark uniforms and insufficient night-time 
retroreflective covering in terms of the recommendations of the Australian 
Standard) and conspicuity of the vehicles used (most vehicles are unmarked and 
magenta lights do not seem to perform well).  There is a need to ensure that 
necessary safety equipment is always available and functioning.  Exiting the vehicle 
using the driver’s side door can be hazardous.  Safer practices need to be 
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considered.  TSS employees sometimes climb up on the side of the truck to speak to 
a driver.  Perhaps it could be made mandatory for drivers to dismount their 
vehicles so that the heavy vehicle could serve as a protective mechanism for both 
drivers and officers. Personal safety issues arise if the truck driver becomes 
abusive or violent.  The weight of the portable scales is a potential hazard from the 
point of view of manual handling and in terms of reducing occupant protection.  
Overdimension escorts that involve the use of pilot vehicles and staff from several 
organizations may result in inconsistency in terms of vehicle markings, and safety 
equipment and practices. 

4.5 PROGRAM DEVELOPMENT & DELIVERY 

Staff from Program Development and Delivery were observed and interviewed at rural 
worksites as well as in office-based interviews.  The employees interviewed undertook a 
wide range of tasks, and differed in the amount of time that they spent on the road.  For 
some employees, the extent of time spent on or near the roadway depended on the mixture 
of tasks to be undertaken that day  

Perceived hazards 

It was stated that employees in rural regions may be less aware of traffic or expect it less 
than employees in the metropolitan regions.  Concerns were expressed about the safety of 
professional staff undertaking short inspections.  A draft procedure has been developed for 
“Work on the road alone”.  It addresses the need for a safety vest, where to park the car, 
when to use hazard lights or roof-mounted lights, signing issues and the need for light and 
stable equipment. 

There were also concerns expressed about the safety of inexperienced staff.  The view was 
expressed that there is currently a strong reliance on the commonsense and know-how of 
experienced staff, rather than robust procedures in place.  Thus new employees, 
particularly from the city, may be at high risk. 

Cars and trucks ignoring roadworks signs were considered to be hazards.  Several 
employees noted that country drivers were likely to be much less alert than city drivers. 

The lack of safe places to park on main roads that do not have sealed shoulders and cleared 
verges was identified by an engineer.  Tree branches that are close to the road (resulting 
from delays in maintenance) can restrict parking off the road as can wet conditions.  The 
possibility of snakes may also constrain employees from walking too far from the roadway. 

Crossing the highway as a pedestrian, taking measurements and taking photographs are all 
activities that involve exposure to the risk of being run over. 

Employees undertaking inspections are commonly slowing and stopping on roads.  At 
other times they may be travelling much slower than most of the traffic stream or make 
unexpected U-turns.  Often vehicles behind them do not expect it and so care needs to be 
taken.  Marked cars or flashing lights are a possible measure to address this hazard. 

Employees may travel on a range of standards of roads and need to change their driving 
habits to suit.  In some areas, grass growing at the sides of roads can hide cars approaching 
an intersection. 
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Often many visits and inspections at some distance from the office are planned to be 
undertaken on the same day.  While this reduces total travelling time, the length of the 
workday can be very long (12 hours on the observation day) and driver fatigue is a 
potential hazard.  In addition, there is a temptation to speed in the late afternoon if there 
have been delays and time is running out to complete all the tasks. 

There are a number of issues that relate to the safety of the employees as vehicle 
occupants, rather than when they are on the roadway.  One issue is that cars may be 
updated less often than before the introduction of the GST and therefore the safety 
standards of the cars may not be improving as quickly.   

Safety measures 

It was reported that in the rural regions, there is much less likelihood that lane closures will 
be used (when justified) and there is not a culture of carrying out work at times where 
traffic volumes are low.   

One employee noted that he always reversed off the highway so that he could drive 
forward when leaving.  He considered that this reduced the risk of a collision. 

The safety equipment that employees consider necessary for a particular task may not be 
available on the day that the task is to be undertaken (e.g. flashing lights on top of the car).   

Employees expressed concern about inadequate communication facilities, particularly in 
rural areas.  It was noted that the mobile phones in each car were digital, rather than 
CDMA, and in some areas there was no signal.  Unfortunately, these were also areas where 
traffic volumes were low and therefore a long time could lapse between an incident and 
someone passing by who could alert authorities.   

It was noted that there is a challenge to find suitable signs that are light enough to be put 
inside a car boot but are also stable.   

One rural region has an allowance for employees to buy snacks when on the road to 
encourage them to stop.  It was considered that this measure had merit.   

It was noted that the region prefers white cars because of their increased conspicuity 
compared to darker vehicles. 

The possibility of changing work practices and technologies in order to reduce the time 
that employees spent on or near the roadway as a pedestrian was raised.  One example 
cited was the possible use of a camera-based approach to inspection where road surface 
was photographed automatically at regular intervals while the vehicle was travelling at 
normal speed and then the resulting images were examined in the office.   

For some particular tasks that required the employee to be on the travel lane for an 
extended time (e.g. in situ pavement drilling), traffic management contractors were used.   
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Figure 4.5 Program Development and Delivery employee about to measure distance 
from access point. 

Findings:  Employees expressed concern about inadequate communication 
facilities, particularly in rural areas.  For transient work, suitable signs that are 
light enough to be put inside a car boot but are also stable should be investigated.  
Providing incentives to encourage rural employees to stop on long trips should be 
encouraged. 

 

4.6 SUMMARY OF PERCEIVED HAZARDS 

The perceived hazards reported in the observations and interviews are summarised in Table 
4.1. 
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Table 4.1 Types of hazards identified for each of the different types of work areas. 

Type of hazard Work area 
 Geopave Land 

Information 
& Survey 

Works Transport 
Safety 

Services 

Program 
Development 
& Delivery 

Insufficient 
conspicuity of 
vehicle or 
worksite 

  
r 

  
r 

 

Insufficient 
conspicuity of 
employee 

  
r 

  
r 

 

Lack of safe 
places to park 
off the road 

   
r 

 
r 

 
r 

Safety 
equipment not 
always available 

  
r 

  
r 

 
r 

Safety 
equipment not 
always 
functioning 

  
r 

  
r 

 

Safety 
equipment 
inappropriate 

    
r 

 

Employee 
inexperience 

     
r 
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5.0 SPEEDS OF TRAFFIC AT WORKSITES 

 

The primary safety issue for small workgroups working on or beside the road is the speed 
of passing traffic. Some VicRoads small workgroups have the opportunity to alter the 
speed limit while they are performing duties such as repairing the roadway. Roadworks 
speed limits are designed to increase the level of safety for workers as well as the passing 
traffic, and they are legally enforceable. As described earlier, operating procedures for 
roadworkers are based on an Australian standard, which describes the type of signs and 
their correct placement for maximum safety. However, an important issue, particularly in 
light of the earlier discussion of motorist respect for roadworks and roadworks signs, is the 
extent to which drivers adhere to the set roadworks speed limits. 

Other workers who operate on the road or immediately adjacent to it are not able to change 
the speed limit for their work site. The latter includes VicRoads groups such as TSS 
officers and surveyors. According to Australian Standard 1742-3 (discussed elsewhere in 
this report), generally any “works” on roadways should use the standard Worker sign (see 
Figure 5.1), although the Standard does list a number of situations that are exempt from 
this rule. These signs are primarily placed on advance approaches to the worksite and can 
be used on their own where the prevailing speed limit is not changed for the works or in 
addition to speed reduction signs. The effectiveness of speed reduction signs and/or the 
roadworker sign in attracting the attention of motorists and affecting a change in their 
behaviour – slowing down – is a fundamentally important issue. 

 

 

Figure 5.1 Standard Roadworker sign as specified by AS 1742-3 (black figure on a 
red/orange background). 

As part of this research project, four different rural small-groups worksites – Harcourt, 
Axedale, Tooborac and Kerang – were observed and discussions held with the workers. 
The four worksites all differ from each other in some important way:  

• the Kerang worksite involved deployment of a full set of signs for a full day task on 
a relatively busy road and one lane was closed; 

• the Harcourt worksite did not involve any lane closures or signs/devices other than 
the standard Worker sign; 

• the Axedale worksite did not use any signs/devices, and involved two very short 
duration patch repairs on the edge of the road; 
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• the Tooborac worksite involved deployment of a full complement of signs on a full 
day task on a very quiet road and one lane was closed. 

In addition to the observations, speed measurements were taken of passing traffic using a 
hand-held Falcon radar speed measurement device provided by VicRoads Northern 
Region. At each location an attempt was made to measure both inbound and outbound 
speeds of cars and trucks.  However, low traffic volumes (particularly for trucks) and 
limited duration of the works constrained the number of measurements that could be taken 
at some sites.  While readings were taken at a number of points within each work site, the 
availability of only one radar device meant that measures were made at one point at a time.  
Therefore, the measurements at each point reflect the speeds of different vehicles. 

Two members of the research team were present at each measurement point – one to 
operate the radar device and the other to record speeds. Some of the approaching drivers 
may have seen the radar unit in use or been suspicious of the situation, particularly as both 
researchers wore VicRoads reflective vests. It is also possible that passing motorists 
flashed their headlights at approaching motorists to alert them that they had seen a radar in 
use. Passing trucks may have also alerted approaching trucks using two-way radios. All 
speed analyses involved unimpeded vehicles only; that is, there were no vehicles travelling 
in front of any of the recorded drivers to slow them down. The prevailing speed limit on 
either side of the work site and at the site itself when the workers are not present is 100 
km/h – all were on open rural roads. 

This chapter summarises the findings of the speed measurements on a site-by-site basis.   

5.1 KERANG WORKSITE 

5.1.1 Worksite description 

The Kerang worksite involved the repair and re-seal of one lane of a section of the Loddon 
Valley Highway, several kilometres west of Kerang. The stretch of road was straight and 
flat and sight distance was good, although west-bound traffic (approaching from Kerang) 
had to round a slight bend before the works area. This meant that these oncoming drivers 
could not see the works or the workers until they reached the 60 km/h speed limit sign.   

Six workers spent approximately seven hours over one day to complete the works. Since 
one lane of the two-way road was closed to traffic, vehicles from both directions had to 
take turns to use the remaining lane, under the control of two traffic controllers using 
stop/slow bats – one at each end of the works. Four sets of signs (eight in total) were 
placed on both sides of the road, a combination of the standard Worker sign and speed 
restriction sign.  

While not to scale, Figure 5.2 illustrates the worksite set-up – the placement of the various 
types of speed restriction signs, location of the traffic controllers and sites of speed 
measurement are all shown in the diagram.  Figure 5.3 provides a photographic overview 
of the area in which the works were undertaken – the worksite can be seen in the 
background of the photograph, and an example of the Worker/speed restriction 
combination sign used at this site can be seen in the middle ground. 
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Figure 5.2 Layout of Kerang work site. 

 

 

Figure 5.3 Eastbound view of the Kerang work site.  
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5.1.2 Speed analysis 

Figure 5.2 shows the locations from which the speed measurements were taken. In each 
case this was between consecutive speed limit signs, except for measurement Point 5, 
which was at the location of the works at a time when the works were not being carried out 
and no workers or signs were present.  

Table 5.1 summarises the speeds measured for 144 cars, 7 light trucks and 42 larger trucks 
travelling inbound (i.e. the vehicles are approaching and entering the site) and outbound 
(i.e., the vehicles are leaving the site) at each of the four speed measuring locations (Point 
1 through Point 4) at the Kerang work site. The table contains the number of vehicles 
checked, the average (mean) speed, maximum speed (max), and where there is sufficient 
data for a meaningful answer, the standard deviation (SD) of the speed and the 85th 
percentile of speeds (i.e., 85% of the vehicles were travelling at or less than this speed).  

Table 5.1 Summary statistics for vehicles travelling through the Kerang work site.  

 Point 1 Point 2 Point 3 Point 4 Control 
 inbound outbound inbound outbound inbound outbound inbound outbound inbound outbound 

Number           
cars 17 14 10 12 17 11 11 16 18 18 
light trucks 1 2  1 1 1    1 
trucks 3 5 4 1 4 11 2 6 3 3 
Mean           
cars 82.7 80.3 62.3 64.8 39.3 40.5 32.9 40.4 84.2 88.7 
trucks 65.0 75.0 65.0 72.0 45.0 37.5 29.5 40.0 87.0 87.7 
Std Dev           
cars 8.6 9.4 13.2 8.5 9.9 6.5 9.1 6.7 16.5 8.6 
trucks 13 8.1 9.2  19.6 12.4 6.4 8.9 10.5 5.7 
85th percentile          
cars 92 89 76 71 45 45 37 50 99 96 
trucks      45  50   

(Note that “inbound” indicates that vehicle speeds are checked as they approach and enter the work site. 
“Outbound” denotes that the vehicle is leaving the worksite.)  
 

Figure 5.4 displays the mean speeds diagrammatically. With such a small number of light 
trucks (see Table 5.1), they were included with the cars in Figure 5.4. This was considered 
acceptable as it was assumed that their speed behaviour is more likely to be similar to cars 
than larger trucks (in terms of momentum considerations for slowing down and inertia for 
accelerating). 
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Figure 5.4 Speed profiles of vehicles travelling through the Kerang worksite.  

Overall, Figure 5.4 shows a decline in the mean speeds of inbound traffic from the 80 km/h 
to the 60 km/h posted speed limit signs (i.e. from Point 1 to Point 2) and as traffic entered 
the works area at Point 3.  A steady increase in mean speed is also generally evident as 
outbound traffic departed the works area at Point 3. 

The data in Table 5.1 and Figure 5.4 is somewhat complicated by the fact that traffic 
controllers were present at the work site – near speed measuring Points 3 and 4 (see Figure 
5.2). Some of the vehicles entering the works area (from either end) were faced with the 
“stop” face of the stop/slow bat and either had to stop or begin to stop (of course the other 
motorists were faced with the “slow” face and, being aware that the bat could be turned to 
stop at any time, should have been prepared to come to a complete stop as well). Figure 5.5 
illustrates the difference in mean speeds between those cars that had approached the stop 
face of the bat (there is no differentiation between those who did have to stop and those 
who did not have to stop because the bat had been turned to “slow” before they reached the 
controller), compared with those who saw the slow face. As all measurements were for 
outbound vehicles, this means that they had stopped (or slowed in preparation for stopping) 
at the beginning of the works proper, travelled through the site and had their speed 
measured as they exited the works, accelerating towards open road speed again.  
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Figure 5.5 Mean car speeds at Points 3 and 4, indicating whether drivers had faced a 
stop or slow bat on entering the roadworks. 

Figure 5.5 shows that the mean speeds travelled by outbound cars at Point 3 were just over 
4 km/h slower when the drivers had faced a “stop” bat than when they had faced a “slow” 
bat (37.3 km/h versus 41.6 km/h respectively).  A similar pattern is evident at Point 4, 
although at almost 5 km/h the difference is a little larger (37 km/h after a “stop” bat and 
41.9 km/h after a “slow” bat).  However, a pair of independent samples t-tests indicated 
that the difference between the stop and slow mean speeds was not statistically 
significantly different for either Point 3 (t(14)=1; p>0.05) or Point 4 (t(14)=1.04; p>0.05).  

A similar analysis was conducted for trucks travelling through the Kerang work site. 
Figure 5.6 shows that the mean speeds travelled by outbound trucks at Point 3 were more 
than 21 km/h slower when the drivers had faced a “stop” bat than when they had faced a 
“slow” bat (23.8 km/h versus 45.4 km/h respectively).  Additionally, at Point 4 the mean 
truck speed was over 10 km/h slower after a “stop” bat than after a “slow” bat (25.8 km/h 
versus 36.3 km/h respectively).   
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Figure 5.6 Mean truck speeds at Points 3 and 4, indicating whether drivers had faced 
a stop or slow bat on entering the roadworks. 

Figure 5.7 displays the 85th percentile speeds (i.e. 85% of the cars/trucks are travelling at 
this speed or less) of inbound and outbound cars and trucks travelling at each of the five 
points at the Kerang worksite.   

Figure 5.8 illustrates the percentage of vehicles (cars and trucks) exceeding the speed limit 
at each speed measuring point, where the speed limit is taken from the roadworks speed 
limit sign. The amount of data is small, but there seems to be a trend towards exceeding the 
60 km/h speed limit immediately before reaching the work site (see Figure 5.2). 
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Figure 5.7 85th Percentile car speeds (km/h) at each location at Kerang. 
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Figure 5.8 Percentage of vehicles exceeding the posted speed limits at each location 
at Kerang.   
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5.2 HARCOURT WORKSITE 

5.2.1 Worksite description 

Two VicRoads survey employees (Land Information and Survey) were observed as they 
surveyed a one kilometre (approximately) section of the Calder Highway near the 
intersection of the Calder and Pyrenees Highways – 13 km south of Harcourt.  The entire 
job was spread over several days and included surveying paddocks adjacent to the road as 
well as additional sections of this road.  

This job did not involve the use of speed restriction signs. However, four sets of Worker 
signs (eight in total) were placed on the sides of the road, two sets in reasonably quick 
succession (the distance between the two north-end sets of signs was 190 m, while the 
distance between the two southern-end sets of signs was 280 m) on both approaches to the 
site. The length of road between the two inner-most sets of signs was 560 m.  

The road between the northern and southern ends of the worksite (travelling south) crested 
a hill, followed by a downgrade to cross a large culvert on a right-hand corner, before 
travelling uphill to the intersection with the Pyrenees Highway. The prevailing speed limit 
was 100 km/h. 

Figure 5.9 shows the road looking north up the hill from the culvert. In the distance the 
surveyor’s vehicle can be made out, with a set of Worker signs in the middle-distance. 
Figure 5.10 is taken looking south down towards the culvert from some distance down the 
hill. A surveyor can be seen standing in the middle of the road holding the prism stick.  

 

 

Figure 5.9 Looking north towards the survey team at the Harcourt worksite.  
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Figure 5.10 Looking south towards the culvert and Pyrenees Highway intersection, with 
a surveyor in the middle ground. 

5.2.2 Speed analysis 

The speeds of 158 cars and 42 large trucks were checked at four different points as they 
travelled through the Harcourt worksite – one measurement per vehicle. As there were no 
speed signs in use and the surveyors were moving throughout the length of the site, the 
points chosen for speed checking were near the ends of the site (Points 1 and 4), at the 
worker’s location when they were close to or on the road (Point 3), and Point 2 was within 
the site during a time when the surveyors were not near the road. Due to time constraints, 
measurements were not taken in total absence of the workers (i.e. a “control” measure as 
taken at the Kerang site), but Point 2 would approximate this, given that the four sets of 
Worker signs were still in place. 

Table 5.2 summarises the number of vehicles checked at each measuring point, their mean 
speeds, maximum speed, and standard deviation and 85th percentile speeds where there 
were sufficient vehicles checked for a meaningful analysis.  There were an insufficient 
number of light trucks to include them in a separate analysis. Figure 5.11 graphically 
shows the mean speeds of cars and trucks at each point.  
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Table 5.2 Summary statistics for vehicles travelling through the Harcourt work site  
(in=inbound, out=outbound).  

 Point 1 Point 2 Point 3 Point 4 
 inbound outbound inbound outbound inbound outbound inbound outbound 

Number 
cars 16 0 18 18 35 40 14 17 
trucks 2  0 7 4 2 15 4 8 
Mean 
cars 94.8 95.7 90.6 90.5 91.1 88.5 95.0 
trucks 91.0 86.1 86.3 90.5 89.6 98.8 91.3 
Max         
cars 108 106 100 103 104 98 102 
trucks 91 97 91 95 102 101 101 
Std Dev 
cars 5.9 6.0 7.9 6.6 7.1 7.1 7.1 
trucks   6.3 6.2 6.4 9.0 3.3 6.2 
85th percentile 
cars 100 102 96 98 98 95 101 
trucks 90 91 98 101 98 

0

10

20

30

40

50

60

70

80

90

100

110

Point 1 Point 2 Point 3 Point 4

M
ea

n
 s

p
ee

d
 (k

m
/h

)

Car Inbound

Car Outbound

Truck Inbound

Truck Outbound

 

Figure 5.11 Mean inbound and outbound speeds at each speed  
checking location at Harcour worksite. 

An independent measures t-test indicated that there was a statistically significant difference 
between the inbound speeds of cars at Point 1 compared with the inbound speeds of cars at 
Point 4 (t(28)=2.7; p<0.05). This may have been due to the fact that vehicles entering the 
site at this point would have just come around a sweeping bend on a major intersection – 
drivers may have been exercising more caution regardless of the presence of the 
roadworkers (who would not have been any more visible from checking Point 4 compared 
to checking Point 1). Vehicles entering the site from Point 1 would have just crested a hill 
after coming off a straight – they may have still been accelerating from climbing the hill. 
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Additionally, the road they saw before them was straight, although down a slight incline. 
There was insufficient data to conduct a similar analysis for trucks. 

Due to the nature of the job, surveyors are not always on or beside the road. For example, 
in this case survey data was collected in the road reserve at a distance of several metres 
from the roadside, sometimes at the top of an embankment several metres above the road. 
The workers also collected data in the paddocks alongside the road. The worker signs were 
still in place, but in many instances passing motorists would not have been able to see the 
surveyors at all. Comparing this situation to the instances when the surveyors were 
working on or right beside the road may yield some differences in driver behaviour in 
terms of vehicle speed at the time of passing the workers while they were wearing safety 
vests.  

At speed measuring Point 3, motorists’ speeds were checked both when the surveyors were 
present and when they were not able to be seen by passing drivers (although it should be 
noted that three research staff members were close to the roadside in order to take 
measurements, all wearing orange vests – this may have had an effect on driver behaviour). 
Figure 5.12 illustrates the comparison of mean speeds at Point 3 with and without the 
surveyors present for cars in- and outbound and trucks outbound (there was insufficient 
data for a trucks inbound analysis) . 
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Figure 5.12 Mean inbound and outbound car speeds at Point 3 when workers were 
close versus not close to passing traffic at Harcourt. 

Figure 5.12 shows that inbound and outbound cars travelled slower when the surveyors 
were present, by 4.9 and 1.4 km/h respectively. Independent samples t-tests revealed that 
the former difference was statistically significant (t(33)=2.3; p<0.05), but the latter was not 
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(t(38)=0.6; p>0.05). The trend for truck traffic followed a reverse pattern – the trucks were 
4.9 km/h faster when the surveyors were present, although this difference was not 
statistically significant (t(13)=0.8; p>0.05); it should be noted that only three trucks 
contributed to the ‘no worker’ result.  

Figure 5.13 displays the 85th percentile speeds of inbound and outbound cars and trucks 
(where there was sufficient data) at the Harcourt site at Points 1 through 4.  As no speed 
restriction signs were used, the number of vehicles that exceeded the speed limit was not 
relevant.  
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Figure 5.13 85th percentile car and truck speeds at each checking location at Harcourt. 

5.3 AXEDALE WORKSITE 

5.3.1 Worksite description 

The task at the Axedale worksite was to patch some damage at and near the intersection 
between the McIvor Highway and the Axedale quarry road – approximately 1 km south of 
Axedale. A general works truck and a tractor were used (see Figures 5.14 and 5.15), and 
three workers were involved – two operating out of the truck and the third driving the 
tractor.  

No part of the road was closed to traffic. Instead, while one of the workers applied the 
patching material another kept watch for oncoming traffic when the former had to venture 
onto the Highway. Patching the intersection took approximately fifteen minutes, after 
which the workers moved the truck to another area of damaged road approximately 20 
metres north. No cones or signs were used, due to the relatively short time required to 
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make each repair. Additionally, neither the works truck nor the tractor was used to shield 
the workers, although there was little space for this without blocking the intersection (see 
Figure 5.14). 

 

 

Figure 5.14 The Axedale intersection worksite.  

 

 

Figure 5.15 The second patching job at the Axedale worksite. 

5.3.2 Speed analysis 

The speed data collected at the Axedale worksite is displayed in Table 5.3. The number of 
vehicles listed in the table does not reflect the traffic volume. The worksite was at an 
intersection, and so a number of vehicles (especially trucks – one of the roads led to a 
quarry) were slowing to turn and therefore could not be included in the analyses. On a 
number of occasions a truck slowing to make a turn at the intersection impeded following 
vehicles, and so the following vehicles were not included in the analysis.  The result was 
an insufficient sample of trucks – both light trucks and heavy trucks. While not removed 
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from the sample, the behaviour of approaching motorists may also have been affected 
when the truck driver was turning or preparing to turn across oncoming traffic.  

Table 5.3 Summary statistics for cars travelling through the Axedale work site.  
(in=inbound, out=outbound) 

 Point 1 Point 2 
 In  Out In  

Number 20 23 15 
Mean 94.3 91.6 83.4 
Std Dev 7.2 7.8 10.8 
85th percentile 100 102 91 
Maximum  108 103 97 

 

Figure 5.16 shows the mean speeds (km/h) of cars travelling inbound at Points 1 and 2 and 
outbound at Point 2 at the Axedale work site.  Point 1 was located approximately 100 m 
north of the Axedale quarry intersection where the first set of works were being conducted.  
Point 2 was located approximately 100m south of the Axedale quarry intersection next to 
where the second set of works were being conducted. Data was not collected for Point 2 
outbound as the workers were not in place for a sufficient amount of time. 
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Figure 5.16 Mean inbound and outbound car speeds at Point 1 and Point 2 at Axedale. 

 

Statistically, the Point 2 outbound mean speed is significantly lower from both the in- and 
outbound mean speeds at Point 1, however the mean speeds inbound versus outbound at 
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Point 1 were not statistically significantly different (a one-way ANOVA with post hoc tests 
was used). 

Figure 5.17 displays the 85th percentile speeds (km/h) of cars travelling inbound at Points 
1 and 2 and outbound at Point 2 at the Axedale work site. Again, an analysis of the number 
of vehicles that exceeded the speed limit was not relevant as speed restriction signs were 
not used. 

 

91.0

102.0
100.0

0.0

10.0

20.0

30.0

40.0

50.0

60.0

70.0

80.0

90.0

100.0

110.0

Point 1 inbound Point 1 outbound Point 2 inbound

S
p

ee
d

 (
km

/h
)

 

Figure 5.17 85th Percentile speeds (km/h) for cars at Point 1 and Point 2 at Axedale. 

5.4 TOOBORAC WORKSITE 

5.4.1 Worksite description 

The fourth worksite where speed measurements were taken was on the Tooborac-
Puckapunyal road, 12.3 km east of Tooborac. Eight workers repaired and re-sealed a 
relatively large section of road that had been extensively damaged by bushfire during the 
preceding week. The set up was similar to that observed at the Kerang worksite – one lane 
was closed and two traffic controllers (one at each end of the remaining open lane) directed 
the traffic using stop/slow bats (see Figure 5.2). The job lasted approximately five hours 
and a full set of warning signs was used. Figure 5.18 provides some indication of the 
worksite and Figure 5.19 shows the eastern-most traffic controller. 
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Figure 5.18 The single lane closure at the Tooborac worksite. 

 

 

Figure 5.19 A traffic controller and taper at the Tooborac worksite, looking east. 

While the basic worksite set up was similar to that at Kerang, there were a number of 
differences. The standard worker signs were again paired with speed signs, however, the 
signs used at the Tooborac site were each fitted with two small red flags on the top of the 
sign to draw driver attention to them. The workers also used yellow ‘Prepare to Stop’ signs 
at each of the 60 km/h speed limit signs as well as yellow ‘Traffic Hazard Ahead’ signs at 
each end of the works. The distance between the first and second sets of east-end signs (80 
km/h and 60 km/h respectively) was 510 m.  The distance between the third and fourth sets 
of west-end signs (80 km/h and 60 km/h respectively) was 520 m. The worksite (distance 
between signs two and three) was 410 m in length.  Six traffic cones were used as a taper 
to block the lane where the works were being conducted.   

The road under repair was also somewhat different to that at Kerang. This road was 
relatively narrow and there was little additional space on the gravel shoulders.  A bend on 
the east-end approach side at the 80km speed sign meant that drivers were not able to see 
either the 60 km/h sign or the actual works zone until they were quite close, although they 
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would have seen the earlier 80 km/h sign and several worker signs before rounding this 
bend. 

5.4.2 Speed analysis 

There was very little traffic on this road during the time that the observers were present at 
the roadworks site – several hours in total. As such, speeds were only measured at one 
point in a bid to acquire sufficient data for a meaningful analysis. The speed measurement 
was made at the eastern end of the roadworks, and vehicle speeds were checked as they 
rounded the corner mentioned earlier. All measurements were taken in a 60 km/h speed 
zone. 

The speeds of eighteen cars and one truck were checked. The average speed of the cars 
was 60.4 km/h (SD=11.9 km/h). The 85th percentile of this sample of cars was 67 km/h and 
the maximum speed was 85 km/h. Six of the 18 (33%) cars were found to be exceeding the 
60 km/h roadworks speed limit as they approached the site. 

5.5 CONCLUSIONS 

The number of vehicles for which free speeds could be measured was limited by the short-
term nature of several of the worksites observed, disruptions to free traffic flow and 
relatively low traffic volumes at some sites.  Therefore, the speed measurement data 
provide an indication of the situation, rather than being conclusive. 

Roadworks speed limit signs were generally effective in reducing travel speeds.  Speed 
measurements from the Kerang worksite showed that mean speeds were lower after they 
passed the 80 km/h speed limit sign than when there were no speed limit signs or work 
present.  Mean car speeds were about 10-15 km/h lower after they passed the 60 km/h 
speed limit sign than after they passed the 80 km/h speed limit sign.  The number of truck 
speeds measured was too small to make a reliable comparison. 

The Kerang worksite was the only worksite with speed restriction signs where the number 
of observations was sufficient to draw conclusions about the extent of speeding.  Relatively 
few vehicles exceeded the signed 80 km/h speed limit but 40-60% of cars and 70-100% of 
trucks exceeded the signed 60 km/h speed limit.  Measurements taken at the stop-slow bat 
showed smaller percentages of cars and trucks exceeding 60 km/h, but still 10-25% of 
trucks exceeded 60 km/h. 

Travel speeds at the stop-slow bat may have been generally reduced, but the 85th percentile 
speeds were generally greater than 40 km/h.  These speeds probably present an 
unacceptable level of hazard in close proximity to workers. 

At two of the worksites, there were no speed limit signs.  The speed measurements taken at 
the survey site showed no significant reductions in travel speeds between the first set of 
roadworker signs and the second set.  Cars that were approaching survey staff who were 
near the road travelled about 5 km/h slower, on average, than cars at the same point when 
survey staff were not near the road.  Despite this small reduction, the mean speed of 
incoming cars when survey staff were near the road was 88 km/h.   

The data collected suggest that speed reductions are much greater when speed limit signs 
are deployed than when roadworker signs alone are placed (although the associated 
presence of machinery may contribute to the effect of the speed limit signs by increasing 
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the general conspicuity of the worksite).  In addition, the data show that speeding is 
common when 60 km/h signs are placed.  The speeds that vehicles travel past workers are 
hazardous.  Further examination of travel speeds in the vicinity of roadworks is warranted. 
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6.0 SURVEY OF EMPLOYEES 

6.1 AIM 

A mail survey of employees across VicRoads Regions was undertaken to gain feedback 
from a wider number of employees than it was possible to interview face-to-face.  The 
survey aimed to gather information about work practices and perceived hazards in different 
tasks across a range of road and traffic environments.  It also assessed the patterns of use of 
safety measures and their perceived effectiveness in addressing the hazards. 

6.2 METHOD 

6.2.1 Questionnaire  

A written questionnaire was developed that sought information about  

• the type and extent of tasks undertaken on or near roadways 

• the sizes of various workgroups  

• training 

• the use of safety equipment  

• perceived hazards 

The questionnaire was formatted as an A5 booklet (an A4 version of the questionnaire is 
presented as Appendix 1.  Most questions could be answered by ticking a box or circling a 
number.  A small number of questions required a short answer.   

6.2.2 Procedure 

Ethics approval for the program of research was granted by the Monash University 
Standing Committee on Ethics in Research on Humans on 29 November 2001.  
Supplementary ethics approval for the mail survey was granted on 15 April 2002.   

Sealed envelopes were prepared containing the questionnaire booklet, a covering letter and 
a reply-paid envelope.   

The covering letter explained that participation in the research was voluntary and that 
employees had to be at least 18 years old in order to participate.  It also stated that none of 
the surveys included any identifying information and that no findings that could identify 
any individual participant would be published. Potential participants were also assured that 
no completed survey would be shown to any VicRoads employee or officer.  The letter 
also provided contact details for Monash University’s Standing Committee on Ethics in 
Research on Humans to allow any employee who wished to complain about the survey to 
do so.   

The reply-paid envelope allowed the respondents to return the completed questionnaire to 
MUARC in a confidential manner if they desired.  
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The VicRoads Occupational Health and Safety (OH&S) section estimated that 
approximately 400 VicRoads employees were in positions that involved them spending at 
least some time working on or near the roadway.  MUARC supplied 400 questionnaire 
packs (as described above) to the OH&S section on 26 April 2002, who then arranged for 
the distribution of the questionnaire packs to employees.  Approximately 40 questionnaires 
were sent to each of the VicRoads Regions, 20 to Land Information and Survey and 
Geopave and 40 to Metropolitan Works.  The remaining questionnaires were retained in 
case additional copies were requested, but no such requests were made. 

Employees were allowed to complete the questionnaires during work time.   

6.3 RESULTS 

The results of the survey are presented here.  Cross-tabulation has been limited to prevent 
individuals from being identified.   

6.3.1 Response rate 

Overall, 187 completed questionnaires were returned by the cut-off date of 27 May 2002.  
Assuming that 360 questionnaires were distributed, this corresponds to a response rate of 
51.9%.  An additional 24 completed questionnaires (including 11 from South Western 
Region where distribution was delayed) were returned after the cut-off date and therefore 
could not be included in the analysis. 

Six respondents noted that their workgroup comprised more than six employees.  These 
questionnaires were excluded from further analysis because the employees are not part of a 
“small workgroup” as defined in the study.   

The majority of questionnaires returned were sent by post, using the reply-paid envelopes 
supplied.  Only a small number of questionnaires were forwarded through the VicRoads 
internal mail system. 

Many respondents wrote lengthy comments on their questionnaires. 

No complaints about the survey were reported by the Monash University Standing 
Committee on Ethics in Research on Humans.   

Table 6.1 summarises the pattern of survey responses from VicRoads employees across 
Victoria.  The largest number of responses received was from the South East Metro Region 
(including those employees in Metropolitan Works who nominated this Region).  The 
highest response rate was from employees of Land Information and Survey.    

The small absolute number of responses from Geopave employees meant that responses 
from these employees had to be combined with the “Other” category for some statistical 
analyses. 
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Table 6.1 Summary of responses from different VicRoads Regions and estimated 
response rates.  Numbers of questionnaires distributed (and therefore 
response rates) are approximate.   

Region Number of 
respondents 

Percent of 
survey 

respondents 

Number of 
questionnaires 

distributed 

Response rate 
(%) 

Eastern Region 18 9.9 40 45.0 
North Eastern Region 23 12.7 40 52.5 
Northern Region* 15 8.3 40 35.0 
North West Metro Region 
(including Works) 

24 13.3 120 57.5 

South East Metro Region 
(including Works) 

38 21.0   

Mixture of South East and 
North West 

7 3.9   

South Western Region 0 0.0 40 0.0 
Western Region 31 17.1 40 77.5 
Land Information & 
Survey 

16 8.8 20 80.0 

Geopave 8 4.4 20 40.0 
Not stated 1 0.6   
Total 181 100.0 360  

*  includes one employee who works in Northern Region and another region  

Overall, 36.5% of employees worked in metropolitan regions, 47.5% worked in rural 
regions and 11.0% worked in both metropolitan and rural regions.  Those employees who 
worked in both metropolitan and rural regions came from Geopave and Land Information 
and Survey (see Table 6.2).  Most of the Works employees worked in rural areas.  More of 
the Program Delivery and Development employees worked in rural than metropolitan areas 
and the reverse was true for Transport Safety Services employees.  

Table 6.2 Percentage of employees who responded from different parts of VicRoads.  

Work area Location of work 
 Metropolitan Rural Mixture 
Geopave 0.0 0.0 100.0 
Land Information and Survey 25.0 0.0 75.0 
Program Delivery and 
Development 

46.2 53.8 0.0 

Transport Safety Services 63.3 36.7 0.0 
Works 13.2 86.8 0.0 
Other 53.3 46.7 0.0 
    
All work areas 36.5 47.6 11.0 
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6.3.2 Characteristics of respondents 

This section provides a general summary of the characteristics of VicRoads employees 
who completed the questionnaire.  As expected, the vast majority were male (94.1% of 
those who completed this item).  More than half of the female respondents worked in 
Program Development and Delivery.  Given the small number of females, cross-
tabulations by gender were not undertaken.   

The ages of employees ranged from 22 years to 64 years, with a mean age of 45.5 years 
and a median age of 48 years.  Table 6.3 shows that mean age ranged from 43.0 for 
Transport Safety Services employees to 51.0 for Geopave employees but did not differ 
significantly across employee groups (one-way ANOVA, F(5,160)=2.1, p=0.07).  The 
percentage of employees in the age group 50 years and over was highest for Geopave and 
Works.   

Table 6.3 Age distribution of employees according to work area. 

Work area Mean age % aged 50 or 
over 

Number of 
respondents 

Geopave 51.0 83.3 8 
Land Information and Survey 43.6 21.4 16 
Program Delivery and 
Development 

44.1 36.5 70 

Transport Safety Services 43.0 28.6 30 
Works 49.9 61.8 38 
Other 45.6 50.0 18 
Missing   1 
    
All work areas 45.5 42.2 181 

 

About three-quarters of employees were married or living with a partner.  Younger 
employees were more likely to be single.  Just over one-quarter of employees had not 
completed Year 12 or an equivalent.  Almost a quarter had completed technical college or 
similar.  Just under a quarter had completed a university degree or post-graduate 
qualification.  Educational levels were highest among employees in Program Delivery and 
Development and in Land Information and Survey.  Employees aged 50 years and over 
were more likely to have not completed Year 12 or equivalent than younger employees.  
Educational levels can influence training initiatives. 

The number of years employees had spent working on or near the roadway ranged from 0.5 
to 38.0 years, with a mean of 17.7 years.  The mean number of years of experience ranged 
from 14.9 years for employees in Transport Safety Services to 21.4 years for Geopave 
employees. However, the mean number of years experience did not differ significantly 
between the employee groups (one-way ANOVA, F(5,162)=1.1, p>0.05). 

6.3.3 The type and extent of tasks undertaken on or near roadways 

Employees were asked to nominate the type of task that they most often undertook on or 
near roadways.  Inspection and assessment was the task nominated by the largest number 
of employees (30.3%), followed by road maintenance (25.3%).  Table 6.4 summarises the 
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types of tasks nominated as undertaken on or near roadways by the employees in each 
work area.    

Table 6.4 Percent of employees according to main activities during an average shift. 

Activity Geopave LI&S Program 
Delivery & 

Development 

TSS Works Other All work 
areas 

Inspection and 
assessment 

62.5  62.7 3.3 13.2 5.6 30.3 

Road 
maintenance 

  16.4  65.8 50.0 24.9 

Survey  100.0   2.6 5.6 9.9 
Vehicle 
interception 

   80.0   13.3 

Management*   4.5  5.3 11.1 3.9 
Other 25.0  1.5 3.3 2.6  3.3 
Inspection and 
assessment 
and road 
maintenance 

  10.4  10.5 5.6 6.6 

Other 
combinations 

12.5  4.5 13.3  22.2 6.6 

* includes planning and surveillance 

The question relating to the percentage of time spent “inside your work vehicle”, “outside 
of your vehicle” and “in the office” appeared to have been a difficult item for some 
respondents to answer.  Many respondents wrote in percentages, rather than using the 0%, 
25%, 50%, 75% and 100% options presented in the questionnaire.  Some other respondents 
circled responses that did not add up to 100%.  The following approaches to coding were 
adopted: 

• if 2 percentages are circled which add to 100% and a third is blank, code the third one 
as 0% 

• if 2 percentages are circled that are the same and add to more than 100%, then code 
each as 50% 

• if the circled percentages are not the same and add to more than 100%, then code as 
circled 

Overall, employees reported spending 28.8% of their time inside a work vehicle, 42.9% of 
their time on or near the roadway and 35.5% of their time in the office/depot. 

The amount of time spent outside the work vehicle differed significantly among the work 
areas (F(5,171)=13.6, p=0.000).  The responses suggest that employees in both Works and 
Land Information and Survey spend a larger percentage of their time on or near the 
roadway than employees in other work areas (see Table 6.5).  In general, metropolitan 
employees spent a larger percentage of their time outside the work vehicle than their rural 
counterparts in the same work area (see Table 6.6).  
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Table 6.5 Mean percentage of time spent in different environments for employees in 
each part of VicRoads.  

Work area Mean percent of time 
 Inside work 

vehicle 
Outside work 

vehicle 
In the office 

Geopave 29.7 26.8 53.6 
Land Information and 
Survey 

  7.6 57.8 41.7 

Program Delivery and 
Development 

27.5 32.3 46.9 

Transport Safety Services 48.3 30.8 29.0 
Works 27.2 60.5 15.6 
Other 17.4 61.9 27.7 
    
All work areas 28.8 42.9 35.5 

 

Table 6.6 Mean percentage of time spent outside the work vehicle for employees 
working in metropolitan, rural and a mixture of these areas.   
(Percentages for cells with five or more employees.  

Work area Work location 
 Metropolitan Rural Mixture 
Geopave   26.8 
Land Information & Survey   56.3 
Program Delivery & Development 34.1 26.6  
Transport Safety Services 31.6 29.5  
Works 65.0 59.8  
Other 48.7 85.7  
    
All work areas 39.2 44.8 45.4 

 

Employees were asked to nominate where, on or near the roadway, most of their work is 
done.  More than 80% of employees nominated that they worked on a combination of the 
footpath, shoulder, roadside and the road itself (see Table 6.7).  This pattern was similar 
across all work areas. 

Table 6.7 Percent of employees working on each area of the roadway.  

Work area Area of the roadway 
 Footpath Shoulder Roadside Road itself Combination 
Geopave 0.0 0.0 12.5 25.0 62.5 
Land Information & Survey 0.0 6.3 6.3 0.0 87.5 
Program Delivery & 
Development 

1.4 1.4 2.9 8.7 85.5 

Transport Safety Services 0.0 3.3 10.0 6.7 80.0 
Works 0.0 2.6 2.6 10.5 84.2 
Other 0.0 0.0 16.7 16.7 66.7 
      
All work areas 0.6 2.2 6.1 9.4 81.7 
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Overall, 36.7% of employees reported that they only worked on or near roadways between 
sunrise and sunset, 41.7% said that they did this mostly between sunrise and sunset, and 
21.7% said that they worked on or near roadways during a mixture of day and night. 
Overall, almost two-thirds of the workers reported that on occasion they work outside the 
period of sunrise to sunset – i.e. they work in the dark. Table 6.8 shows that a mixture of 
day and night work was most commonly reported by Transport Safety Services employees.  

Table 6.8 Percent of employees working at different times of day.  

Work area Time of day 
 Sunrise to sunset 

only  
Mainly sunrise to 

sunset 
Mixture of day 

and night 
Geopave 50.0 25.0 25.0 
Land Information & Survey 31.3 68.8 0.0 
Program Delivery & Development 53.6 42.0 4.3 
Transport Safety Services 0.0 6.7 93.3 
Works 31.6 60.5 7.9 
Other 44.4 44.4 11.1 
    
All work areas 36.7 41.7 21.7 
 

More than half of the employees responded that they worked in a group of two or three 
(including themselves).  Figure 6.9 shows that this was most common for employees from 
Land Information and Survey.  Employees from Program Delivery and Development and 
Geopave were more likely to work alone. 

Table 6.9 Percent of employees according to size of workgroup. 

Work area Number of employees in workgroup 
 1 2 or 3 4 or 5 Differs 

Geopave 37.5 25.0 25.0 12.5 
Land Information & Survey 0.0 93.8 0.0 6.3 
Program Delivery & Development 44.9 42.0 4.3 8.7 
Transport Safety Services 10.3 51.7 3.4 34.5 
Works 7.9 60.5 18.4 13.2 
Other 22.2 55.6 11.1 11.1 
     
All work areas 24.7 52.8 8.4 14.0 
 

6.3.4 Perceived hazards 

Employees were asked whether they feel safe when working on or near roadways, whether 
vehicles travel too close to where they are working and whether vehicles travel too fast 
past where they are working.  Each question had responses structured from “1=never” to 
“9=always” (with “5=sometimes”).  The mean and median ratings are summarised in Table 
6.10.   

The mean rating for “do you feel safe?” was 5.5, which corresponds to a little more often 
than sometimes (5).  Ratings of “do vehicles travel too close?” and “do vehicles travel too 
fast?” were higher, indicating that the mean perceived frequency was higher than 
sometimes.  The mean rating was higher for “too fast” than “too close”, indicating that the 
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speed of passing traffic was more commonly perceived to be a problem than its proximity.  
For each question, the median ratings were a little higher than the means (see Table 6.10).   

For each question the mean rating differed as a function of work area (feel safe 
F(5,178)=5.1, p=.000, too close F(5,177)=3.4, p=.005, too fast F(5,177)=8.7, p<0.05).  In 
general, employees from Land Information and Survey less often felt safe and more often 
felt that vehicles passed them too fast.  Employees from Works and Program Delivery and 
Development less often felt that vehicles were too close than employees from other work 
areas. 

Table 6.10 Mean ratings of feelings of safety when working on or near roadways.  
(1 = ‘never’, 5 = ‘sometimes’, 9 = ‘always’)   

Work area Mean rating 
 Feel safe Vehicles too close Vehicles too fast 
Geopave 6.1 6.1 6.3 
Land Information & Survey 4.0 6.2 7.7 
Program Delivery & Development 6.0 5.7 6.5 
Transport Safety Services 5.6 6.2 6.4 
Works 5.6 5.7 6.8 
Other 3.9 7.9 7.8 
    
All work areas (mean) 5.5 6.1 6.8 
All work areas (median) 6.0 6.0 7.0 

 

Overall, just over half of the employees nominated 3 to 5 metres as a safe distance between 
vehicles and where they were working.  Less than 3 metres was nominated by almost a 
quarter of employees and more than 5 metres was nominated by just over 20% of 
employees.  Employees from Geopave, Land Information and Survey and Transport Safety 
Services generally nominated larger safe distances than employees from Program Delivery 
and Development or employees from Works (see Table 6.11).  This is consistent with their 
ratings of how often vehicles pass too close.   

Table 6.11 Percent of employees selecting each safe distance between vehicles and 
where they are working. 

Work area Safe distance 
 < 3 metres 3 to 5 metres > 5 metres 
Geopave 0.0 57.1 42.9 
Land Information & Survey 6.3 50.0 43.8 
Program Delivery & Development 32.8 47.8 19.4 
Transport Safety Services 10.7 53.6 35.7 
Works 27.8 63.9 8.3 
Other 31.3 62.5 6.3 
    
All work areas 24.0 54.4 21.6 

 

Almost half of the employees nominated 40 to 60 km/h as a safe speed for vehicles 
travelling past where they are working.  About 35% nominated a lower speed and about 
15% nominated a higher speed (see Table 6.12).  Generally, employees from Geopave, 
Land Information and Survey and Transport Safety Services nominated lower safe speeds 
than employees from Program Delivery and Development and Works. 
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Table 6.12 Percent of employees selecting each safe speed for vehicles travelling past 
where they are working. 

Work area Safe speed (km/h) 
 < 20 20-40 40-60 60-80 > 80 
Geopave 0.0 57.1 42.9 0.0 0.0 
Land Information & Survey 6.7 46.7 26.7 20.0 0.0 
Program Delivery & Development 0.0 20.6 63.2 14.7 1.5 
Transport Safety Services 8.0 56.0 16.0 8.0 12.0 
Works 18.9 10.8 62.2 8.1 0.0 
Other 7.1 42.9 14.3 35.7 0.0 
      
All work areas 6.6 29.3 47.9 13.8 2.4 

 

Employees who worked in the metropolitan area gave lower ratings of how often they felt 
safe than those in who worked in the rural area or those who worked in both metropolitan 
and rural areas (see Table 6.3, F(2,170)=5.67, p=.004).  However, the mean ratings of how 
frequently vehicles travelled too close or too fast did not differ significantly according to 
the location of the work (too close: F(2,169)=0.34, p>0.05, too fast: F(2,169)=0.42, 
p>0.05).   

Table 6.13 Mean ratings of feelings of safety when working on or near roadways.  
1 = ‘never’, 5 = ‘sometimes’, 9 = ‘always’.   

Work location Mean rating 
 Feel safe Vehicles too 

close 
Vehicles too fast 

Metropolitan 4.9 6.1 6.7 
Rural 6.0 6.2 6.7 
Mixture of metro & 
rural 

5.1 6.0 7.1 

 

The mean ratings for these three questions did not differ significantly according to degree 
of experience of the employee (feel safe: F(2,162)=0.29, p>0.05, too close: F(2,161)=1.9, 
p>0.05, too fast: F(2,161)=0.59, p>0.05). 

More than half of the employees judged passing trucks to be the most dangerous vehicles 
(see Table 6.14).  About 30% considered cars to be the most dangerous vehicle. The 
reasons given why trucks were the most dangerous passing vehicle included their size 
(making them pass closer to workers), the greater time they take to stop, truck drivers’ 
reluctance to slow down, and the wind gusts caused by trucks. The reasons given why cars 
were the most dangerous included that they were the vehicles most likely to be speeding, 
car drivers are often inattentive, car drivers pay little attention to warning signs and car 
drivers are not as skilled as professional drivers. The small number of employees who 
considered motorcycles to be the most dangerous noted that they were more likely to 
overtake within the work site.  Those employees who considered that all vehicles were 
equally dangerous commonly noted that “they can all kill you” or all drivers can speed or 
be inattentive. 
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Employees from Transport Safety Services were more likely to judge cars to be the most 
dangerous vehicle or to judge cars and trucks as equally dangerous than employees from 
other work areas.   

Table 6.14 Percent of employees judging each vehicle as the most dangerous. 

Work area Most dangerous vehicle 
 Car Truck Motorcycle Equally dangerous 
Geopave 42.9 57.1 0.0 0.0 
Land Information & Survey 10.0 60.0 0.0 30.0 
Program Delivery & Development 23.3 58.3 10.0 8.3 
Transport Safety Services 48.0 28.0 0.0 24.0 
Works 31.3 56.3 0.0 12.5 
Other 29.4 58.8 0.0 11.8 
     
All work areas 30.3 52.6 3.9 11.0 
 

Overall, 35% of employees reported that passing traffic had no effect on them (see Table 
6.15).  However, 30% of employees reported that it made them feel tense and 9% reported 
that it made them feel frightened or angry.  Employees from Land Information and Survey 
were more likely to report adverse responses to passing traffic, particularly feeling tense.  
Employees from Transport Safety Services and Works were more likely to report no effect. 

Table 6.15 Effect of passing traffic on employee. 

Effect of 
passing traffic 

Geopave LI&S Program 
Delivery & 

Development 

TSS Works Other All work 
areas 

No effect 37.5 6.3 34.3 43.3 43.2 33.3 35.2 
Frightened 0.0 6.3 7.1 0.0 2.7 5.6 4.5 
Angry 12.5 6.3 1.4 0.0 13.5 0.0 4.5 
Tense 25.0 56.3 27.1 26.7 18.9 44.4 29.6 
Difficulty 
sleeping 

0.0 0.0 1.4 3.3 0.0 0.0 1.1 

More alert or 
cautious 

12.5 0.0 4.3 6.7 0.0 5.6 3.9 

Combination 0.0 12.5 11.4 6.7 16.2 5.6 10.6 
Other 12.5 12.5 12.9 13.3 5.4 5.6 10.6 
 

6.3.5 Road- and vehicle-based safety devices 

Employees were asked how often they used a range of road- and vehicle-based safety 
devices and how effective they thought these devices were in helping to keep them safe at 
work. 

Roof-mounted flashing lights on vehicles and traffic cones were the most commonly used 
safety devices (see Table 6.16).  Roof-mounted flashing lights were used frequently by 
employees in all work areas (see Table 6.17).  The frequency of use of the other safety 
devices varied markedly among the work areas. 
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Table 6.16 Mean and median ratings of frequency of use and effectiveness of safety 
devices when working on or near roadways.   
(Frequency of use rated 1 = ‘never’, 5 = ‘sometimes’, 9 = ‘always’.  
Effectiveness rated 1=’not very effective’ to 5=’very effective’.  
Effectiveness ratings only for employees who had used these devices.) 

Safety device Frequency of use Effectiveness 
 Mean rating Median 

rating 
Mean rating Median 

rating 
Arrow boards 3.3 2.0 4.4 5.0 
Roof mounted flashing lights 
on vehicle 

7.0 8.0 4.4 5.0 

Speed signs 4.2 4.0 4.0 4.0 
Stop and slow bats 3.4 2.0 4.3 4.0 
Traffic cones 5.0 5.0 4.0 4.0 
Truck mounted attenuator 2.3 1.0 4.4 5.0 

 

Table 6.17 Mean ratings of frequency of use of safety devices when working on or 
near roadways.  
(1 = ‘never’, 5 = ‘sometimes’, 9 = ‘always’)   

Safety device Geopave LI&S Program 
Delivery & 

Development 

TSS Works Other All work 
areas 

Arrow boards 5.6 1.6 3.0 1.2 4.6 5.9 3.3 

Roof mounted 
flashing lights  

7.0 6.2 6.8 6.3 8.4 7.1 7.0 

Speed signs 5.0 1.9 3.8 1.3 7.0 5.4 4.2 

Stop and slow 
bats 

3.5 2.1 3.2 1.5 5.1 4.6 3.4 

Traffic cones 3.8 6.9 4.1 3.2 6.5 7.1 5.1 

Truck mounted 
attenuator 

3.9 1.3 1.4 1.0 4.0 4.7 2.3 

 

Device effectiveness ratings were analysed only for those employees who indicated that 
they had used the particular device.  The mean ratings of effectiveness of the safety devices 
ranged from 4.0 to 4.4 (where 5=very effective).  With the exception of speed limit signs 
on the approach to roadworks, the rated effectiveness of each of the safety devices differed 
by work area (arrow boards F(5,80)=2.5, p=.039; flashing lights F(5,161)=5.3, p=.000; 
stop and slow bats F(5,94)=4.3, p=.001; traffic cones F(5, 123)=8.7, p=.000; truck-
mounted attenuator F(4, 44)=1.3, p=.000).   

The mean ratings did not differ significantly according to level of experience of the 
employee.   
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Table 6.18 Mean ratings of effectiveness of safety devices when working on or near 
roadways by employees who had used these devices.   
(Effectiveness rated 1 = ‘not very effective’ to 5 = ‘very effective’) 

Safety device Geopave LI&S Program 
Delivery & 

Development 

TSS Works Other All work 
areas 

Arrow boards 4.4 3.4 4.3 4.5 4.4 5.1 4.4 

Roof mounted 
flashing lights  

4.1 3.3 4.5 4.4 4.4 4.7 4.4 

Speed signs 4.3 3.0 3.8 - 3.9 4.7 4.0 

Stop and slow 
bats 

3.8 4.0 4.3 2.0 4.4 4.7 4.3 

Traffic cones 4.5 3.3 4.0 3.3 4.5 4.8 4.0 

Truck mounted 
attenuator 

4.7 3.8 4.1 - 4.4 5.0 4.4 

 

Employees were asked whether they had any suggestions to make work safer.  Almost all 
employees made suggestions.  The most common responses were:  

• Educate motorists (n=42) 

• Police presence at work site (n=36) 

• Reduce speeds/lower the speed limits (n=23) 

• Remove traffic from the worksite by closing road or use of barriers (n=16) 

• Improve/increase signage (n=12) 

• Follow safety procedures better (n=11) 

• Supply/improve flashing lights on vehicles (n=11) 

• Change from orange to yellow/green vest (n=9, mostly from Transport Safety Service) 

• More time for safety procedures/more staff (n=7, most from Works) 

• Schedule work when less traffic (n=6) 

• Improve worker alertness (n=5) 

6.3.6 Safety vests 

Overall, about 60% of employees reported that they put their safety vest on at the 
beginning of the shift and do not take it off until the end of their shift, and the remaining 
40% said that they only wear it when outside the car/truck.  Table 6.19 shows that 
Transport Safety Services employees are most likely to only wear their safety vests when 
outside the vehicle. 
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Table 6.19 Pattern of wearing safety vest.   

Work area Leave it on all shift Only wear it when 
outside vehicle 

Geopave 75.0 25.0 
Land Information & Survey 56.3 43.8 
Program Delivery & Development 33.3 66.6 
Transport Safety Services 3.3 96.7 
Works 76.3 23.7 
Other 61.1 38.9 
   
All work areas 44.1 55.3 

 

Employees were asked about the circumstances when they do not wear their safety vest.  
About 1% of employees selected the options “If it gets in the way”, “If I am too hot”, “If it 
makes me feel uncomfortable” or “If I cannot be bothered”.  These responses were coded 
as “combination unsafe”.  Table 6.20 shows that the most common circumstance when 
they did not wear their safety vest was when they were not working on the road that day 
(40.6%).  Almost a quarter of employees nominated a number of circumstances that were 
generally considered to be safe practices by the research team.  More than 10% of 
employees responded that there were no circumstances when they did not wear their safety 
vest.  Table 6.20 suggests that employees in Transport Safety Services are more likely to 
nominate a combination of safe circumstances and less likely to nominate “not working on 
the road that day” or “no circumstances”.  Employees in Land Information and Survey 
appeared more likely to nominate “nowhere near traffic”. 

Table 6.20 Circumstances when employees do not wear safety vest.   

Circumstance Geopave LI&S Program 
Delivery & 

Development 

TSS Works Other All work 
areas 

On a short break 0.0 12.5 8.6 13.3 10.5 11.1 10 
Nowhere near 
traffic 

12.5 25 4.3 10 0.0 0.0 6.1 

Not working on 
road that day 

37.5 31.3 42.9 26.7 55.3 33.3 40.6 

Other 0.0 12.5 5.7 0.0 5.3 11.1 5.6 
Combination 
(safe) 

25.0 12.5 27.1 43.3 7.9 11.1 22.8 

Combination 
(unsafe) 

0.0 0.0 0.0 6.7 5.3 0.0 2.2 

No circumstances 25 6.3 11.4 0.0 15.8 33.3 12.8 
 

Overall, almost 60% of employees considered that wearing a safety vest improved their 
safety greatly (see Table 6.21).  About 35% of employees considered that wearing a vest 
improves their safety somewhat.  Employees from Program Delivery and Development and 
Works were more likely to say that wearing a safety vest greatly improves their safety than 
employees from Land Information and Survey and Transport Safety Services.  
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Table 6.21 Effect on safety of wearing a safety vest.   

Safety effect Geopave LI&S Program 
Delivery & 

Development 

TSS Works Other All work 
areas 

None 0.0 0.0 0.0 10.0 5.4 0.0 2.8 
Improves 
somewhat 

50.0 62.5 24.3 46.7 27 33.3 34.1 

Improves greatly 37.5 31.3 68.6 36.7 64.9 66.7 57.5 
Don’t know 0.0 0.0 7.1 3.3 2.7 0.0 3.9 
Other 12.5 6.3 0.0 3.3 0.0 0.0 1.7 
 

Employees were asked to rate how often they think that the colour of their safety vest helps 
drivers notice them (where “1=never” to “9=always”).  The ratings ranged from 1 to 9, 
with a mean of 7.4.  The mean ratings differed significantly on the basis of work area 
(F(5,179)=12.79, p=.000).  Transport Safety Services employees gave the lowest mean 
rating (5.3), and mean ratings from other work areas ranged from 6.6 to 8.2.    

Employees were asked what colours they thought would be better than those currently used 
to help drivers notice them.  Almost 15% of employees considered that yellow/green vests 
would be better.  These responses largely came from Transport Safety Services (60% of 
TSS employees) and Program Delivery and Development (9% of these employees).    

The Australian Standard recommends that workers wear high visibility garments on other 
parts of the body as well as the safety vest at night.  Employees were asked to rate how this 
would increase their safety (where “1=never” to “9=always”).  The ratings varied from 1 to 
9, with a mean of 6.8.  The mean ratings differed significantly among work areas 
(F(5,178)=5.0, p=.000).  The lowest mean ratings were 5.2 for Transport Safety Services 
employees and 6.0 for Land Information and Survey employees.  Other work areas gave 
mean ratings of 7.2 or higher.  Most of the employees who reported working at night as 
well as during the day were from Transport Safety Services. 

Employees were asked if they would wear the additional high visibility garments.  The 
ratings varied from 1 to 9 with a mean of 7.1 (where “1=never” to “9=always”).  The mean 
ratings differed significantly among work areas (F(5,176)=4.4, p=.001).  The lowest mean 
rating was 5.2 for Transport Safety Services employees.  Other work areas gave mean 
ratings of 7.3 or higher. 

Employees were asked whether they wear any other bright coloured clothing in addition to 
their safety vest (e.g. a yellow or red shirt).  The mean rating was 2.0 and Geopave 
employees appeared to be more likely to do this (mean rating 2.6, F(5,170)=5.4, p=.000).  
The bright coloured items were most commonly a red/orange or white hat or a light 
coloured shirt.  

Two-thirds of employees had had their current safety vest less than one year and just over a 
quarter had had their vest for between one and two years. Around 7% of employees had 
had their vest for three or more years, which may be a concern if their duties meant that the 
vest could degrade over this time.  Table 6.22 suggests that employees who had their vest 
for three or more years were more likely to be working in Geopave (although the number 
of responses in this group was small) and Transport Safety Services.  
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Table 6.22 How long you have had your current vest. 

Work area Duration 
 <1 year 1-2 years 3-4 years 5+ years 
Geopave 37.5 37.5 25.0 0.0 
Land Information and 
Survey 

56.3 43.8 0.0 0.0 

Program Delivery and 
Development 

58.6 37.1 2.9 1.4 

Transport Safety Services 63.3 16.7 16.7 3.3 
Works 86.8 7.9 2.6 2.6 
Other 77.8 22.2 0.0 0.0 
     
All work areas 66.1 26.7 5.6 1.7 

 

Most employees reported that their safety vest had been issued when they had started the 
job, their old one was damaged or worn out, or their old one was faded (see Table 6.23).  
Table 6.23 shows that the pattern of responses varied between work areas.  A large number 
of Transport Safety Services employees noted that their current vest was issued because 
the previous yellow/green vests were withdrawn from service. 

Table 6.23 Reasons why current safety vest was issued.   

Reason Geopave LI&S Program 
Delivery & 

Development 

TSS Works Other All work 
areas 

Started job 12.5 12.5 31.9 23.3 10.5 38.9 24 
Old one lost 12.5 0.0 5.8 0.0 0.0 0.0 2.8 
Old one damaged 
/worn out 

37.5 18.8 18.8 13.3 44.7 38.9 26.3 

Old one faded 37.5 50.0 33.3 10 26.3 16.7 27.9 
Other 0.0 6.3 4.3 50 0.0 0.0 10.6 
Combination 0.0 12.5 5.8 3.3 18.4 5.6 8.4 
 

6.3.7 Training  

Employees were asked whether they received any job-specific training for their work and 
how long ago they last received training.  About three-quarters of employees reported 
receiving on the job training (see Table 6.24).  Less than 15% of employees said that they 
had received no training.  Employees in Program Delivery and Development appeared 
more likely to have received no job-specific training than employees in other work areas. 
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Table 6.24 Percent of employees according to type of job-specific training received. 

Work area Type of training received 
 None On the 

job 
Before 

started job 
Before job and 

on the job 
Geopave 0.0 75.0 25.0 0.0 
Land Information & Survey 0.0 86.7 13.3 0.0 
Program Delivery & Development 26.5 60.3 8.8 4.4 
Transport Safety Services 3.3 80.0 3.3 13.3 
Works 2.7 86.5 5.4 5.4 
Other 27.8 66.7 5.6 0.0 
     
All work areas 14.2 72.7 8 5.1 

 

Overall, almost half of the employees had last received training less than a year ago and 
almost 40% had last received training one to five years ago (see Table 6.25). Employees in 
Geopave seemed to be more likely to have last received training more than five years ago 
and employees in Works were more likely to have last received training less than a year 
ago.  

Table 6.25 Percent of employees according to how long ago they last received 
training. 

Work area Last received training 
 < 1 year ago 1-5 years ago >5 years ago 
Geopave 25.0 25.0 50.0 
Land Information & Survey 26.7 73.3 0.0 
Program Delivery & Development 44.9 38.8 16.3 
Transport Safety Services 41.4 41.4 17.2 
Works 63.9 30.6 5.6 
Other 63.6 27.3 9.1 
    
All work areas 47.3 39.2 13.5 

 

If the analysis is restricted to those employees who had been working on the road for five 
years or more, then the percentage of employees who last received training more than five 
years ago increases to 16.1% (see Table 26).   

Table 6.26 Percent of employees according to how long ago they last received training 
– only those employees who had worked on or near the roadway for five 
years or more. 

Work area Last received training 
 < 1 year ago 1-5 years ago >5 years ago 
Geopave 14.3 28.6 57.1 
Land Information & Survey 8.3 91.7 0.0 
Program Delivery & Development 37.8 35.9 16.2 
Transport Safety Services 38.1 38.1 23.8 
Works 70.4 22.2 7.4 
Other 57.1 28.6 14.3 
    
All work areas 42.9 41.1 16.1 
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6.3.8 Perceived effectiveness of safety measures 

Employees were asked to rank a set of safety measures from 1=least effective to 7=most 
effective.  Some respondents ranked only a subset of the seven measures (possibly because 
they had no experience of the other measures).  If this occurred, the lowest rank was 
recoded to 1 and the next lowest, 2, etc.  Some other respondents ranked more than one 
safety measure equally.  Where this occurred, ties were given the average rank (e.g. two 
ranks of 1 were coded as both 1.5).   

The mean ranks were between 3.4 and 5.0 so a clear ordering is not possible.  Table 6.27 
shows that the option “blocking off the road area so that there is no traffic” was ranked as 
the most effective measure to improve safety.  This was followed by “drivers travelling 
more slowly” and “drivers travelling further away from the workers” and then “improved 
visibility”.  “Better signage”, “road patrol workers to slow down traffic” and “better 
observance of safety rules by workers” were ranked as less effective measures. 

Table 6.27 Rankings of effectiveness of safety measures, ordered from highest me an 
rank to lowest.   
(1=least effective, 7=most effective) 

Safety measure Mean rank Median rank Number of 
respondents who 

ranked this measure 
Blocking off the road area so there is 
no traffic 

5.0 5.5 151 

Drivers slowing down earlier and 
driving past more slowly 

4.4 4.5 151 

Drivers travelling further away from 
workers 

4.0 4.0 149 

Improved visibility of workers 3.9 4.0 151 
Better signage and factors to warn 
motorists of people working on the 
road 

3.6 4.0 149 

Road patrol workers to slow down 
traffic 

3.6 4.0 150 

Workers following safety rules better 3.4 3.5 153 
 

The mean ranks for improved visibility of workers, following rules better and drivers 
slowing down more differed across work areas (visibility: F(5,149)=2.9, p=.015; rules: 
F(5,151)=3.0, p=.013; slowing: F(5,149)=3.9, p=.003).  Table 6.28 shows that employees 
from Works gave lower ranks to improved visibility, employees from Land Information 
and Survey gave lower ranks to following rules better and employees from Works gave 
higher ranks to drivers slowing down. 

The mean ranks for the safety measures were not significantly affected by level of 
experience (as determined by the number of years respondents said that they had worked 
on the roadway). 
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Table 6.28 Mean ranks for possible safety improvements  
(1=least effective, 7=most effective).   

Safety 
improvements 

Geopave LI&S Program 
Delivery & 

Development 

TSS Works Other All work 
areas 

Improved 
visibility 

4.9 3.5 4.1 3.9 3.1 4.8 3.9 

Following 
rules better 

4.0 1.8 3.7 3.6 3.4 3.5 3.4 

Better 
signage 

4.1 3.2 3.4 3.8 3.6 4.2 3.6 

Drivers 
further away 

2.9 4.1 4.0 4.4 4.0 3.5 3.9 

Drivers 
slower  

2.8 4.5 4.4 4.7 4.9 3.8 4.4 

Road patrol 
workers 

4.3 4.6 3.4 3.4 3.6 3.5 3.6 

Blocking off 
road 

4.3 5.5 5.0 4.6 5.3 4.9 5.0 

 

6.3.9 Effectiveness of safety rules and procedures 

Employees were asked a series of questions regarding the effectiveness of safety 
procedures: 

Do you find it difficult to abide by safety rules in some situations, for example when 
a job is rushed or when you are under pressure to meet a deadline? 

Are you confident in talking to your supervisor about safety issues? 

Do written work procedures match the way tasks are done in practice? 

Can you easily identify the relevant procedures required for each job? 

Each question had responses structured from 1=never to 9=always (with 5=sometimes).  
The mean and median responses are summarised in Table 6.29.   

For the first three questions, the mean response did not differ significantly as a function of 
work areas (F(5,178)=0.98, p>0.05; F(5,178)=0.83, p>0.05; F(5,175)=0.85, p>0.05, 
respectively) (see Table 6.30).  For the final question regarding identifying the relevant 
procedures for each job, there were significant differences in the responses according to 
work area (F(5,178)=3.29, p=.007).  Employees from Land Information and Survey 
appeared to consider that they were less often able to identify the relevant procedures 
required for each job than were employees from other work areas.   
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Table 6.29 Mean and median ratings for questions about safety rules and procedures.  
(1 = ‘never’, 5 = ‘sometimes’, 9 = ‘always’)   

Item Mean rating Median rating 

Difficult to abide by safety 
rules in some situations 

4.1 4.0 

Confident in talking to 
supervisor about safety issues 

8.0 9.0 

Written work procedures 
match practice 

6.1 6.0 

Easily identify relevant 
procedures 

6.9 7.0 

 

Table 6.30 Mean ratings for questions about safety rules and procedures by work 
area.  
(1 = ‘never’, 5 = ‘sometimes’, 9 = ‘always’)   

Work area Mean rating 
 Difficult to 

abide by safety 
rules 

Confident in 
talking to 
supervisor 

Written 
procedures 

match practice 

Easily identify 
relevant 

procedures 
Geopave 4.6 8.1 6.3 7.6 
Land Information & 
Survey 

4.4 7.5 6.0 5.8 

Program Delivery & 
Development 

3.9 8.3 6.1 6.7 

Transport Safety 
Services 

3.7 7.6 6.1 7.3 

Works 4.2 8.0 6.5 7.7 
Other 5.1 7.9 5.3 6.3 
     
All work areas 4.1 8.0 6.1 6.9 
 

The rated frequency that it was difficult to abide by safety rules in some situations 
increased with level of experience (inexperienced: 3.2, experienced: 3.6, very experienced: 
4.6, F(2, 162)=4.8, p=.009).  Ease of identification of the relevant procedures for each job 
increased with level of experience (inexperienced: 6.0, experienced: 7.0, very experienced: 
7.2, F(2, 162)=4.2, p=.016).  Ratings of confidence about talking to the supervisor about 
safety issues and the extent to which written work procedures match practice did not differ 
statistically with level of experience. 
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6.4 DISCUSSION OF SURVEY RESULTS 

The survey gathered information about work practices and perceived hazards in different 
tasks across a range of road and traffic environments.  It also assessed the patterns of use of 
safety measures and their perceived effectiveness in addressing the hazards. 

6.4.1 Response rates 

The overall response rate exceeded 50%, although uncertainty about how many 
questionnaires were actually distributed in particular Regions meant that disaggregated 
response rates were approximations only.  The high response rates may have been an 
outcome of the method of distribution of the surveys and that they were allowed to be 
completed in work time.  However, the high response rates may partly reflect the extent of 
concern that employees have about safety when working on or near the roadway.  This is 
supported by the high response rates from work areas that expressed strong concerns in 
their responses (e.g. Land Information and Survey and Transport Safety Services), by the 
copious written comments on many questionnaires, and through discussions with workers 
in the field prior to the questionnaire being distributed and the speed measuring studies. 

Despite the generally high response rate, the absolute number of responses from some 
work areas was small (particularly Geopave) and this prevented a detailed analysis of 
factors relating to these work areas.  Most responses from Works employees were from 
rural regions, so their responses may not be able to be generalised to Works employees 
from metropolitan regions. Further investigation is needed to find out whether the small 
number of metropolitan Works responses reflects lower response rates from Works 
employees in metropolitan than rural regions, or simply that there are more Works 
employees in rural regions. It is assumed that there were no problems in the distribution of 
questionnaires. 

6.4.2 Characteristics of the workforce 

The employees who responded were predominantly male and half were over 48 years of 
age.  Their level of experience in working on or near the roadway was generally high, with 
only 7% of employees having less than two years experience.  Thus, it appears to be an 
older workforce that is generally very experienced.  While this appears to be a positive 
pattern, the possibility of hearing loss, deterioration in reflexes, or habituation to dangers 
should not be overlooked.   

The education level of the workforce varied considerably.  This needs to be taken into 
consideration in training and in preparation of written safety materials and procedures. 

6.4.3 Patterns of exposure to risk 

The questionnaire sought information about quantitative measures of exposure to risk 
(percentage of time spent working on or near the roadway) and qualitative measures of 
exposure to risk (part of the roadway where work occurred, size of workgroup, day versus 
night work).   

Overall, employees reported spending just over 40% of their time on or near the roadway.  
Employees in Works and in Land Information and Survey spent more time on or near the 
roadway than employees in other work areas.  Employees from Program Delivery and 
Development in metropolitan regions spent more time on or near the roadway than their 
counterparts in rural regions, possibly reflecting greater times spent travelling in rural 
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areas.  There were insufficient responses from metropolitan and rural regions to examine 
this for employees in other work areas. 

Most of the work was undertaken on a combination of the road itself, the roadside and the 
shoulder, with very little work taking place on the footpath or shoulder alone.   

More than half of the employees worked in a group of two or three (including themselves).  
Employees from Program Delivery and Development were more likely to work alone. 

Most employees worked on or near the roadway between sunrise and sunset, with small 
amounts outside this period (probably in winter).  Transport Safety Services employees, by 
contrast, most commonly worked a mixture of day and night work.   

6.4.4 Perceived hazards 

Averaged over all respondents, employees felt safe when working on or near roadways a 
little more often than sometimes.  Vehicles were considered to travel too close and too fast 
more often than this.  The speed of passing traffic was more commonly a problem than its 
proximity.  The responses from employees from Geopave, Land Information and Survey, 
and Transport Safety Services suggested that they were more concerned about the speed 
and proximity of passing vehicles than were employees from Program Delivery and 
Development and Works. 

Employees who worked in the metropolitan area felt safe less often than those who worked 
in the rural area, or those who worked in both metropolitan and rural areas.  However, the 
rated frequency that vehicles travelled too close or too fast did not show the same pattern.   

More than half of the employees judged trucks to be the most dangerous type of vehicle 
passing them while they were working on or near the roadway.  This was largely because 
of their size (making them pass closer to workers), the greater time they take to stop, truck 
drivers’ reluctance to slow down, and the wind gusts trucks cause.  Speeding and 
inattention were the main reason why about 30% of employees considered cars to be the 
most dangerous vehicle.  Some employees who considered that all types of vehicles were 
equally dangerous commonly noted that “they can all kill you”. 

Employees from Transport Safety Services were more likely to judge cars to be the most 
dangerous vehicle or to judge cars and trucks as equally dangerous.  They noted that this 
was because truck drivers knew what the TSS were doing but car drivers did not. 

Overall, 30% of employees reported that passing traffic made them feel tense and 9% 
reported that it made them feel frightened or angry.  Employees from Land Information 
and Survey were more likely to report adverse responses to passing traffic, particularly 
feeling tense.  Employees from Transport Safety Services and Works were least likely to 
report adverse responses. 

6.4.5 Safety measures in place 

Training 

About three-quarters of employees reported receiving on the job training and less than 15% 
of employees said that they had received no training.  Employees in Program Delivery and 
Development were less likely to have received job-specific training than employees in 
other work areas.  Almost half of all employees had last received training within the last 
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year and almost 40% had last received training one to five years ago.  Employees in 
Geopave were more likely to have last received training more than five years ago and 
employees in Works were more likely to have last received training less than a year ago.  

Road- and vehicle-based safety devices 

Roof-mounted flashing lights on vehicles and traffic cones were the most commonly used 
safety devices.  Roof-mounted flashing lights were used frequently by employees in all 
work areas.  The frequency of use of the other safety devices (arrow boards, speed signs, 
stop and slow bats, traffic cones and truck-mounted attenuators) varied markedly among 
the work areas.   

Safety vests 

About 60% of employees reported that they put their safety vest on at the beginning of the 
shift and don’t take it off to the end, and about 40% said that they only wear it when 
outside the car/truck.  Transport Safety Services employees were most likely to only wear 
their safety vests when outside the vehicle. 

The most common circumstance when employees did not wear their safety vest was when 
they were not working on the road that day.  More than 10% of employees responded that 
there were no circumstances when they did not wear their safety vest.  No employees 
nominated circumstances related to discomfort. 

Questions about how long employees had had their current safety vest and why it had been 
issued were asked to gauge the likelihood of vests being faded.  Two-thirds of employees 
had had their current safety vest less than one year and just over a quarter had had their 
vest for between one and two years.  Of concern is that about 7% of employees had had 
their vest for three or more years.  Employees who had their vest for three or more years 
were more likely to be working in Geopave (although sample numbers were small) and 
Transport Safety Services.  

Most employees reported that their safety vest had been issued because they had started the 
job, their old one was damaged or worn out or their old one was faded.  A large number of 
Transport Safety Services employees noted that their current vest was issued because the 
previous yellow/green vests were withdrawn from service. 

Relatively few employees reported wearing any other brightly coloured clothing in 
addition to their safety vest. Geopave employees were most likely to wear other high 
visibility clothing, and these items most commonly were a red/orange or white hat, or a 
light coloured shirt.  

6.4.6 Perceived effectiveness of safety measures 

Road- and vehicle-based safety devices 

Those employees who had used particular road- or vehicle-based safety devices gave them 
mean ratings of effectiveness that ranged between 4.0 and 4.4 (where 5=very effective).  
Land Information and Survey employees gave lower ratings of effectiveness for each 
safety device.   
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In addition, employees were asked to rank a series of safety measures.  Blocking off the 
road area so that there is no traffic was ranked as the most effective measure to improve 
safety.  This was followed by drivers travelling more slowly, drivers travelling further 
away from the workers, and improved visibility.  Better signage, road patrol workers to 
slow down traffic and better observance of safety rules by workers were ranked as less 
effective measures.  Compared to employees from other work areas, Works employees 
considered improved visibility to be more effective and considered drivers slowing down 
to be less effective.  Employees from Land Information and Survey considered better 
observance of safety rules to be more effective than other employees. 

The perceived effectiveness of safety measures did not differ with the employee’s number 
of years of experience.   

Safety vests 

Almost 60% of employees considered that wearing a safety vest improves their safety 
greatly and about 35% of employees considered that it improves their safety somewhat.  
Employees from Program Delivery and Development and Works were more likely to say 
that wearing a safety vest greatly improves their safety than were employees from Land 
Information and Survey or Transport Safety Services.  

On average, employees rated how often they thought that the colour of their safety vest 
helped drivers notice them as 7.4, where 9=always.  Transport Safety Services employees 
gave the lowest mean rating.  Almost 15% of employees considered that yellow/green 
vests would enable drivers to notice them better than the current vest.  More than half of 
the employees from Transport Safety Services made this comment, as well as some 
employees from Program Delivery and Development.    

Safety procedures 

Employees rated how often they find it difficult to abide by safety rules as 4.1, where 
5=sometimes.  The rated frequency that it was difficult to abide by safety rules in some 
situations increased with level of experience. 

Employees were almost always confident in talking to their supervisor about safety issues.   

The frequency with which written work procedures match the way tasks are done in 
practice was rated 6.1, where 5=sometimes.  The frequency with which the relevant 
procedures for each job can be readily identified was rated as 6.9.  Employees from Land 
Information & Survey were less often able to identify the relevant procedures required for 
each job than were employees from other work areas.  Ease of identification of the relevant 
procedures for each job increased with level of experience.   

6.4.7 Potential safety improvements 

Employees were asked whether they had any suggestions that might make their workplace 
safer.  Almost all employees made suggestions.  Two of the most common suggestions 
(“Police presence at the worksite” and “reduce speeds/lower the speed limit”) clearly 
showed that employees consider that reducing the speed of passing traffic will improve 
their safety.   
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Removal of the hazard of passing traffic by closing the road or using barriers was also a 
common suggestion.  A large number of employees suggested education of motorists in 
terms of correct behaviour at roadworks, informing them that roadworks speed limits were 
legally enforceable and informing them of the location and reason for roadworks.   

Another set of suggestions related to increasing the conspicuity of the worksite 
(improve/increase signage, supply/improve flashing lights on vehicles, change to 
yellow/green safety vests).   

Additional high visibility garments 

The Australian Standard recommends that workers wear high visibility garments on other 
parts of the body as well as the safety vest at night.  Employees rated how often this would 
increase their safety at 6.8 (where 5=sometimes, 9=always).  Transport Safety Services 
employees gave the lowest ratings of the increase to their safety and gave the lowest 
ratings of their likelihood of using them.  Given that these employees work at night more 
than any other group of employees, this suggests that the introduction of these garments 
could be difficult. 

6.4.8 General conclusions from the survey 

In terms of risk factors, employees from Land Information and Survey  

• spend more time on or near the roadway than other employees,  

• work without someone to control the traffic and  

• have a worksite with little conspicuity.   

Not surprisingly, they feel safe less often and are more concerned about traffic passing too 
fast and too close, and they more often feel tense when passed by traffic.   

Like Land Information and Survey employees, employees from Program Development and 
Delivery more often work alone than other workers and their worksite has little 
conspicuity.  They also tend to have adverse feelings when passed by traffic. 

Employees from Works often have someone to control the traffic and the larger size of the 
workgroup and the presence of machinery tend to make their worksite more conspicuous.  
Thus, the survey results suggest that the level of risk for Works employees may be lower 
than for employees of Land Information and Survey or Program Delivery and 
Development. 

In terms of risk factors, employees from Transport Safety Services  

• work without someone to control the traffic, 

• have a worksite that has little conspicuity or advance warning and which may not be 
recognised for what it is by passing motorists and 

• work at night much more than other work areas.   

Conspicuity is one of the largest concerns of Transport Safety Services employees and they 
would like to see this addressed by changing the colour of their vest to yellow/green (to be 
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identified to passing motorists as more like police) and by improvements to vehicle 
lighting. 
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7.0 ANALYSIS OF POTENTIAL RISK CONTROLS 

In this chapter, the classes of potential risk controls are discussed and analysed in relation 
to the type of work task, the risk level assessed, the crew size and resources needed for the 
task, and the number and severity of incidents potentially prevented.  

7.1 CLASSES OF RISK CONTROLS 

The main classes of risk controls that can be implemented to prevent motorists colliding 
with employees who are working on or near the roadway involve: 

1. reducing the exposure of employees to passing traffic 

2. ensuring a safe distance between employees and passing traffic  

3. ensuring that passing traffic is travelling at a safe speed 

4. ensuring that worksites and employees can be seen by motorists  

All of this needs to occur without increasing the risk to the motorist. 

To some extent, if little effort is put into one class of risk control, then more effort needs to 
be put into the other classes of risk control.  For example, if little attempt is made to reduce 
vehicle speeds, then more emphasis needs to be put on ensuring a safe distance and/or 
ensuring the conspicuity of the employees. 

In the sections that follow, each class of risk control will be discussed in terms of: 

• current practices in the different work tasks 

• the effectiveness of current practices 

• constraints on implementation 

• possible improvements  

7.2 REDUCING EXPOSURE 

Reducing exposure is almost always the most effective form of risk control.  The exposure 
of employees to traffic can be reduced by working when there is less traffic, blocking off 
traffic, or doing the job without getting out of a vehicle.   

7.2.1 Current practices in the different work tasks 

The percentage of time spent on or near the roadway was greater for employees in Works 
and in Land Information and Survey than for employees in other work areas. 

The observations, interviews and surveys suggest that working when there is less traffic is 
a risk control that is implemented to some extent.  It is most commonly implemented in the 
form of not working in the morning or evening peak hours.  
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Blocking off traffic in the form of lane closures or road closures occurs for some larger, 
longer-duration (generally Works) tasks.  It is only occasionally used for Land Information 
and Survey (e.g. freeway work). 

Doing the job without getting out of the vehicle occurs for some inspection tasks. 

None of the above methods of reducing exposure are implemented in the tasks carried out 
by Transport Safety Services. However, TSS officers have some control over their 
exposure to traffic by choosing where to make trucks pull over and using purpose built 
weighbridges beside major highways.   

7.2.2 The effectiveness of current practices 

While avoidance of work in peak hours does occur, the observations made in this project 
suggest that sometimes tasks are carried out in mid-morning or mid-afternoon with traffic 
volumes that are too high for the safety of the employees (and that insufficient controls are 
in place to deal with the traffic).  In these locations, working when there is less traffic may 
be an insufficient risk control measure and more effective exposure reduction measures, 
such as lane or road closure, may be needed. 

In the survey, employees ranked blocking off the road area as the most effective measure 
to improve safety and many suggested this measure when asked to suggest what would 
make their work safer. However, the Australian Standard stipulates that this should not be 
done unless it is absolutely necessary for the actual works. The standard also says that if a 
lane is blocked  

When employees were observing or performing inspection tasks without leaving the 
vehicle, the travel speeds of the inspection vehicle were necessarily very low.  Thus, while 
the threat of injury as a pedestrian had been removed, there was concern about the 
possibility of a rear-end collision.  It is recommended that if tasks are performed without 
leaving the vehicle, then measures must be taken to reduce the probability or severity of 
rear-end collisions (e.g. flashing lights, a system for protecting the rear of the vehicle). 

7.2.3 Constraints on implementation 

A number of constraints on implementation of exposure reduction measures have been 
identified.   

Overtime costs were reported as one reason why tasks were often not undertaken outside of 
core hours when traffic volumes may be lower. While there may often be less traffic out of 
hours, working in during dark hours is perceived to be more dangerous (even if it actually 
is not due to the decrease in traffic). Additionally, more equipment is needed at night, such 
as generator units and lights. It was noted that working when there is less traffic may not 
occur to the extent needed in some rural regions.  This may spring from a lack of 
awareness of actual differences in traffic flows by time of day and week (especially in 
provincial cities). 

Blocking off traffic is constrained by several factors: 

• the additional employees needed to undertake traffic control (usually two flagmen), 

• the cost and availability of alternative controls such as portable traffic signals, 
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• stipulations of the Australian Standard, 

• the desire not to impede the flow of traffic and, 

• the additional time needed to set up the site to block off traffic and then return the site 
to its original setting at the completion of the works.   

None of the above methods of reducing exposure are implemented in the tasks carried out 
by Transport Safety Services, probably because they aim to encounter as many trucks as 
possible, with a view to maximising detection of unsafe vehicles. However, TSS officers 
do have the option to direct trucks to safer areas in order to decrease their exposure. 

7.2.4 Possible improvements  

Wider use of portable traffic signals has the potential to reduce the exposure of workers to 
traffic, since this reduces the need for flagmen. 

Technology is being developed that will allow road surface inspections to be conducted 
using a vehicle-mounted video camera, with detailed reviewing being conducted back in 
the office.  This has the potential to reduce the amount of time spent on the road as a 
pedestrian and also remove the need to travel very slowly (with danger of rear-end impact) 
when conducting inspections from a vehicle. 

7.3 ENSURING A SAFE DISTANCE BETWEEN EMPLOYEES AND PASSING 
TRAFFIC  

What is a safe distance between employees and passing traffic depends on the speed of the 
passing traffic.  Therefore this class of risk controls complements those risk controls that 
affect the speed of passing traffic. 

7.3.1 Current practices in the different work tasks 

Employees often reported trying to use the work vehicle as a barrier to increase the 
distance between passing traffic and where they were working.   

7.3.2 The effectiveness of current practices 

Often the distance between Transport Safety Services employees and passing traffic is 
insufficient to manage the risk of collision.  This is particularly so when TSS drivers are 
exiting their vehicles and when they are required to climb up onto the driver’s side doors of 
trucks. 

7.3.3 Constraints on implementation 

One of the constraints identified is the actual amount of free space at the roadside to be 
able to park the work vehicle.  This is an issue for Transport Safety Services, for Land 
Information and Survey and also for Program Delivery and Development.   

7.3.4 Possible improvements  

Encouraging or requiring truck drivers to dismount from their truck (preferably on the 
passenger side for their own safety) would improve the safety of TSS personal carrying out 
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inspections. Some of the officers already do this, but it seems to be a practice learned by 
experience rather than a policy.  

There is potential for the development and trialling of a vehicle-mounted foldout boom 
system to provide a means of increasing the distance between employees and passing 
traffic. 

7.4 ENSURING THAT PASSING TRAFFIC IS TRAVELLING AT A SAFE 
SPEED 

If passing traffic is travelling at a safe speed, both the likelihood and severity of impact 
with employees working on or near the roadway is reduced.   

7.4.1 Current practices in the different work tasks 

In at least some of the work areas there is little emphasis on ensuring that passing traffic is 
travelling at a safe speed – this applies to Land Information and Survey, Program Delivery 
and Development (often) and Transport Safety Services. 

Longer term works sites operate with roadworks speed signs, but often speed restrictions 
are not implemented at the more transient worksites. There may be a number of reasons for 
this. The Australian Standards specify when a speed limit can be altered for works and who 
has the authority to make such a change. Not all jobs would satisfy the criteria. 
Additionally, for very short term tasks the time spent setting out speed limit signs 
(particularly since in many instances the speed limit would have to be reduced in stages 
depending on the prevailing speed limit) may actually exceed or at least be 
disproportionate to the time taken to complete the job. The very act of placing the signs on 
the side of the road also increases the amount of time the worker is exposed to traffic, and 
this period may be more dangerous than the time spent completing the task; especially if 
the task can be undertaken using the works truck as a traffic shield and the speed restriction 
signs have to be placed on both sides of the road and for both approaches. 

7.4.2 The effectiveness of current practices 

The survey found that most employees considered the speed of passing traffic to be more 
often a problem than its proximity.  Employees from Geopave, Land Information and 
Survey and Transport Safety Services were more concerned about the speed and proximity 
of passing vehicles than were employees from Works or Program Delivery and 
Development. 

As noted earlier, for many of the tasks undertaken on or near the roadway, there is no 
attempt to reduce vehicle speeds. The speed measurements and observations undertaken in 
this project suggest that speed reductions in response to the standard roadworks signs are 
small and tend to reflect driver responses to perceived or expected changes in the road 
surface, rather than a response to seeing or expecting workers on the road. 

Where roadworks speed signs are displayed, there are issues of compliance by motorists 
with the displayed speed limits.  The literature review found that roadworks speed signs 
generally result in about half of the drivers slowing down and measured mean speeds are 
often markedly greater than the signed speed limit.  The speed measurements and 
observations undertaken in this project suggest that vehicle speeds are reduced 
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significantly by roadworks speed signage, but only the presence of flagmen brings speeds 
down to or below the roadworks speed limits. 

An additional concern is whether the roadworks speed limits are indeed low enough to 
ensure the safety of employees.  Empirical data has shown that the risk of death to a 
pedestrian rises very steeply for impact speeds above 40 km/h.  This suggests that 
roadworks speed limits of 60 km/h may be too high to ensure the safety of workers. 

7.4.3 Constraints on implementation 

The major constraint on implementing measures to reduce the speeds of passing traffic is 
the desire not to inconvenience the travelling public by slowing them down.  This affects 
both everyday practice as well as the approach to roadworks speed management in the 
Standards and other operating procedures. 

The other constraint on implementation of roadworks speed limits is the perception that 
motorist compliance will be poor.  This constraint needs to be addressed in the context of 
improvements to the effectiveness of these measures (see next section).  

7.4.4 Possible improvements  

When asked about measures to improve the safety of their work, two of the most common 
suggestions by employees were reduce speeds/lower the speed limits and police presence 
at the worksite.  Thus, it was clear that employees consider that reducing the speed of 
passing traffic will improve their safety. 

The literature review found that Police presence and enforcement of speed limits in work 
zones both achieve a reduction in speeds.  Variable message signs and speed feedback 
appear to produce speed reductions similar to those of a Police presence.   

There is potential for automated enforcement or for wider use of variable message signs to 
provide speed feedback.  One option to reduce costs would be to have automated 
enforcement at a changing sample of worksites to deter motorists from speeding (similar to 
the practice with red light cameras). 

7.5 ENSURING THAT WORKSITES CAN BE SEEN BY MOTORISTS  

Ensuring that worksites can be seen by motorists should contribute to reductions in the 
speed of passing traffic and to increases in the distance between worksites (and employees) 
and passing traffic.   

7.5.1 Current practices in the different work tasks 

In general, the extent to which the worksite is transitory influences the amount and type of 
signage and therefore the conspicuity of the worksite.  Worksites with more equipment are 
also more conspicuous a worksite than just a car parked by the side of the road and an 
employee with a vest.  

7.5.2 The effectiveness of current practices 

Given the practices described above, the worksites of larger workgroups are more 
conspicuous than those of smaller workgroups.  Thus, the conspicuity of the worksite is 
least for Transport Safety Services (particularly with unmarked cars) and Land Information 
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and Survey and those Program Delivery and Development employees who are working 
alone.  The conspicuity of the worksite (and employee) is a major issue for Transport 
Safety Services employees because this is the major class of risk control that is in place.   

The yellow Works trucks are highly conspicuous.   

Current signage practices may sometimes improve the visibility of the worksite, but lead to 
an incorrect expectation in the minds of motorists.  It is not just a matter of the worksite 
being visible, but of being interpreted in such a way that the motorist responds correctly.  
For example, the relative lack of equipment at a Land Information and Survey worksite 
may lead motorists to interpret it as a roadworks site where work has been completed but 
the signs have not been removed.  Signage that more specifically shows the motorists what 
to expect (rather than or in addition to the standard roadworks sign) may be needed to 
address this issue. 

7.5.3 Constraints on implementation 

Across the work areas, the following types of constraints on implementation of measures to 
improve worksite visibility were identified: 

• unavailability of equipment (limited numbers of items and “someone else is using it 
today”) 

• inoperative or degraded safety equipment, sometimes associated with delays in repair 
or replacement (e.g. two-way radios, damaged signs, discoloured cones, faded flashing 
lights, span bars that have not been repaired)   

• inappropriate or ineffective equipment (digital mobile phones in areas where coverage 
would be better with CDMA, coloured lights that are not conspicuous)  

For Transport Safety Services, Land Information and Survey and also sometimes Works 
and Program Delivery and Development, the amount of room in the vehicle constrained 
what signs and other equipment could be carried. 

The amount of time, equipment and personnel needed to ensure adequate conspicuity of 
the worksite functions is a constraint on this class of risk control. 

Some employees noted that the need to work within VicRoads guidelines prevented them 
from using signs which they considered would be more appropriate for the specific task. 

For Transport Safety Services, the need to be able to operate in a covert manner at least 
some of the time constrained their ability to implement measures to increase workplace 
conspicuity (e.g. marked cars, span bars). 

7.5.4 Possible improvements  

A number of approaches could be taken to improve the interpretation of signs by the 
public.  One alternative is to allow use of a limited range of signs that are specific to 
certain tasks.  Alternatively, many employees suggested that public education could play a 
role in improving their safety.  This might help motorists to understand that the standard 
roadworker sign could mean that someone will be on the road ahead, that its use is not 
confined to road repairs. 
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The conspicuity of the worksite of employees operating from passenger cars could be 
improved with the development of signs that attach to the towbar of the vehicle.  For 
general operations, there may be the potential for vehicle-mounted booms to increase 
separation and/or conspicuity.  Choice of appropriately conspicuous colours for vehicles 
may help to improve the conspicuity of worksites (e.g. the yellow Works trucks and white 
cars). 

In regard to degraded or inoperative equipment, there is a need to encourage employees to 
identify degraded equipment and to put in place systems that ensures that replacement or 
rectification occurs in a timely manner. 

7.6 ENSURING THAT EMPLOYEES CAN BE SEEN BY MOTORISTS  

Ensuring that employees can be seen by motorists should be considered a “last line of 
defence” in terms of classes of risk controls. 

7.6.1 Current practices in the different work tasks 

In each of the work areas, all employees wear safety vests when operating on or near the 
roadway.  All of the vests observed were of the day/night variety, which allows for use 
when visibility is reduced. 

7.6.2 The effectiveness of current practices 

Insufficient conspicuity of employees was considered more important by employees from 
Land Information and Survey and employees from Transport Safety Services.  Employees 
from these work areas rely on motorists seeing them more than other work areas in which a 
range of risk controls are implemented.   

As noted in relation to the visibility of worksites, it is not just a matter of the employee 
being seen, but being interpreted in a particular way such that the motorist responds 
correctly.  TSS employees feel that their safety is compromised by motorists thinking that 
they are roadworkers because of their standard VicRoads safety vests and therefore not 
anticipating that they will be flagging down trucks.  

The published studies suggest that there does not seem to be a definitively best colour for 
safety clothing that is most effective under all conditions.  However, there is general 
agreement that fluorescent red-orange and/or fluorescent yellow-green are the most 
effective colours.  

Given the amount of night-time work by TSS employees, there is concern that the safety 
vest alone may not confer adequate visibility at night.   

There was some evidence that vests are being used that are sufficiently faded such that 
their visibility is likely to be degraded. Supervisors may need to be more vigilant in 
ensuring that all safety equipment – not just safety vests – used by workers is not just 
serviceable, but is as safe as possible. A regular inspection regime may be necessary. This 
is likely to be more cost-effective than instituting a policy of replacing equipment such as 
vests on a set schedule, especially since the environment in which they are used will affect 
their lifespan. 
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7.6.3 Constraints on implementation 

No constraints on implementation were identified. 

7.6.4 Possible improveme nts  

Night-time conspicuity could be improved by using retroreflective material on hands and 
legs, as well as safety vest.  But the survey results suggest that the perceived benefit and 
willingness to use these by TSS employees (who work most at night) is low. 

7.7 WORKERS’ RESPONSIBILITY FOR THEIR OWN SAFETY  

Many employees considered that the main risk control in their workplace was to “keep an 
eye out for the traffic and get out of the way”.  The observations and interviews identified 
that in many situations, the system of risk controls that had been implemented could not be 
completely effective and that the ultimate determinant of the employee’s safety was his/her 
own behaviour.  There was a reliance on employee experience, expertise and judgment, 
rather than a safe system of work.  This may be, at least partly, an outcome of the variety 
of work situations that employees may find themselves in.  This was reported most 
commonly by TSS and Land Information and Survey employees, and is reflected in the 
degree of concern about workplace safety evident in employees from these work areas. 

The reliance on the worker to ensure their own safety was also identified in terms of the 
concern expressed about inexperienced employees going out on the road.  This issue is 
likely to increase in importance in the coming years as the older employees retire and new 
employees start.  Regional employees identified the increased number of young graduates 
as a concern in this regard, particularly those from the city who are appointed to work in 
rural Regions. 

Some possible approaches to addressing this issue include development and 
implementation of a mentoring program, training in the use of prescriptive standards and 
development of guidelines for employees who may only occasionally be working by the 
roadside.  Northern Region is developing a “Guide for Working Alone” that encompasses 
some of these general principles. 

On the other hand, some employees appear to value the opportunity to make their own 
judgments about how to undertake the task safely.   

7.7 REDUCING ACCIDENT INVOLVEMENT AND INJURY OUTCOMES 

No clear conclusions can be drawn from this study regarding the extent of accident 
involvement and injury outcomes of VicRoads employees working in small workgroups on 
roadways.  Accurate Australian data on the number of employees killed or injured while 
working in small workgroups on or near the roadway was not able to be obtained from 
Coronial, workers compensation or road crash databases.   

The lack of data on accident and injury outcomes makes it difficult to assess the extent to 
which current policies and practices are successful.  It also prevents a clear estimation of 
the potential benefits (in terms of reduced accidents and injuries) of changes to policies and 
practices.  Therefore, cost-efficiency analyses cannot be undertaken.     
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8.0 SUMMARY AND CONCLUSIONS 

This project focused on the risks to small workgroups at, for the most part, transient sites 
where the formal safety controls are less elaborate than for large group, longer-term work.  
It comprised a study of the hazards involved in the activities of small workgroups on 
roadways, an assessment of the different risks associated with these hazards, and a 
systematic evaluation of suitable potential risk controls and countermeasures in relation to 
these risks. 

The project aimed to identify and assess the risks to the safety of workers who are 
members of small groups working in close proximity to traffic, and to propose measures to 
reduce these risks.   

The scope of the project included all VicRoads employees who undertake some of their 
duties in close proximity to traffic.  The scope specifically excluded employees of 
contractors (prime or sub) or local government employees. 

8.1 SIZE AND NATURE OF THE PROBLEM 

Accurate Australian data on the number of employees killed or injured while working in 
small workgroups on or near the roadway was not able to be obtained from Coronial, 
workers compensation or road crash databases.  In the workers compensation data, the 
coding of occupation and mechanism of injury does not allow for clear identification of 
relevant cases.  National data suggests about 19 injuries Australia-wide in 1998-99 while 
Victorian data suggests about 9 injuries in 1992-2000.  Coding of roadworks is optional in 
Victorian Police-reported crashes and so the number of crashes is likely to be an 
underestimate.  Analyses suggested about 40 crashes involving workers in 1996-2000. 

8.2 PUBLISHED EVALUATIONS OF SAFETY MEASURES 

Many of the published evaluations are not directly relevant to this project because they do 
not specify the size of the workgroup, do not differentiate between the safety of workers 
and other road-users, or they consider the safety of workers only in terms of construction 
and maintenance of roads, rather than other activities undertaken on the road (e.g. planning 
for possible future works, enforcement of regulations). 

Most safety measures that have been evaluated aim to reduce vehicle speeds, increase the 
visibility of worksites or increase the visibility of workers. 

The measures to reduce vehicle speeds include signs showing a lower speed limit for the 
roadworks site, enforcement, variable message signs and speed feedback, and temporary 
rumble strips.  In general, roadworks speed signs result in about half of the drivers slowing 
down and measured mean speeds are often markedly greater than the signed speed limit.  
Many drivers report failing to notice the signs.  Police presence and enforcement of speed 
limits in work zones both achieve a reduction in speeds.  Increases in penalties for 
speeding through roadworks seem to have little effect.  Variable message signs and speed 
feedback appear to produce speed reductions similar to those of a Police presence.  
Evaluations of temporary rumble strips have yielded inconsistent results and they are 
somewhat unsuitable for transient or moving works zones in terms of practicality and cost. 

Other than signage, there have been relatively few studies of the effectiveness of measures 
to increase the visibility of worksites.   
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The most commonly evaluated measures to increase the visibility of workers related to 
high visibility clothing, particularly safety vests.  There does not seem to be a definitively 
best colour for safety clothing.  However, there is general agreement that fluorescent red-
orange and/or fluorescent yellow-green are the most effective colours.  Retroreflectivity 
confers no real advantage when used in daylight.  

Other safety measures that have been shown to be effective in evaluations include truck-
mounted attenuators, flagger training, high intensity flashing lights on stop/go signs and 
flashing arrows on the back of trucks.  Beacons to attract attention to worksites were found 
to be ineffective in reducing vehicle speeds.  High costs appear to be a deterrent to the use 
of worksite intrusion detectors and remote control shadow vehicles. 

8.3 ESTIMATION OF HAZARDS TO VICROADS EMPLOYEES 

Observations of the behaviours of employees and measurements of the speed of passing 
traffic were made at a range of metropolitan and rural worksites.  In addition, a survey of 
all VicRoads employees identified as working on or near the road was undertaken. 

The general conclusion was that the picture is very different among the work areas in terms 
of exposure to risk, perceived hazards, types of safety measures in place and perceived 
effectiveness.  The types of hazards are summarised in Table 8.1.  Working alone or in 
very small groups was considered to be a high-risk activity because conspicuity of the 
worksite was generally low, speeds of passing traffic was generally not reduced and there 
was limited safety equipment. 

Table 8.1 Types of hazards identified for each of the different types of work areas. 

Type of hazard Work area 
 Geopave Land 

Information 
& Survey 

Works Transport 
Safety 

Services 

Program 
Development 
& Delivery 

Insufficient 
conspicuity of 
vehicle or 
worksite 

  
r 

  
r 

 

Insufficient 
conspicuity of 
employee 

  
r 

  
r 

 

Lack of safe 
places to park off 
the road 

   
r 

 
r 

 
r 

Safety equipment 
not always 
available 

  
r 

  
r 

 
r 

Safety equipment 
not always 
functioning 

  
r 

  
r 

 

Safety equipment 
inappropriate 

    
r 

 

Employee 
inexperience 

     
r 
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8.4 ANALYSIS OF RISK CONTROLS 

The main classes of risk controls that can be implemented to prevent motorists colliding 
with employees who are working on or near the roadway involve: 

• reducing the exposure of employees to passing traffic 

• ensuring a safe distance between employees and passing traffic  

• ensuring that passing traffic is travelling at a safe speed 

• ensuring that worksites and employees can be seen by motorists  

All of this needs to occur without increasing the risk to the motorist. 

To some extent, if little effort is put into one class of risk control, then more effort needs to 
be put into the other classes of risk control.  For example, if little attempt is made to reduce 
vehicle speeds, then more emphasis needs to be put on ensuring a safe distance and/or 
ensuring the conspicuity of the employees. 

8.5 WIDER IMPLICATIONS OF THE PROJECT 

The results of this project have implications beyond VicRoads employees working in small 
groups on roadways.  The safety issues that have been identified as relevant to VicRoads 
employees are likely to be the same or at least very similar to those faced by small 
workgroups of contractors working for VicRoads or local government employees or 
contractors.  In addition, some of the general principles in relation to risk controls may also 
apply to VicRoads and other employees working in larger groups, although with larger 
groups the work is likely to be more established and long-term and include more extensive 
safety measures.  

In another sense, the safety of small groups working on roadways is part of the overall 
issue of work-related road trauma.  Often the emphasis in work-related road trauma is on 
work-related driving, but working on the roadways is another component.  Putting the 
project in this context is particularly relevant for those VicRoads employees who spend 
considerable amounts of time driving to the worksite (or between worksites).  Examples of 
these employees include engineers driving long distances to undertake a series of brief 
inspections, those employees whose work on the road occurs mainly within the vehicle 
(maintenance inspectors), or workgroups who serve the whole state (such as Geopave and 
Land Information and Survey). 

The possibility exists that the attention employees devote to monitoring traffic and 
attempting to ensure that they are not run over may distract from their main tasks.  This 
may lead to other types of injuries e.g. those related to slips and trips when they are 
walking backwards in order to watch oncoming traffic, or equipment-related injuries.   
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APPENDIX 1: EMPLOYEE QUESTIONNAIRE 

 

 

 

 
ACCIDENT RESEARCH CENTRE 

 
 
 
 

Safety of small workgroups 
 

Employee Questionnaire  
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Vic Roads has commissioned the Monash University Accident Research Centre to investigate 
the risks to the safety of its employees who work in small groups on roadways.  This 
questionnaire aims to find out more about issues that affect your safety and the safety of your 
work environment. 
 
Please answer all questions honestly by ticking (ü) the relevant box, circling numbers, or 
filling in the short answers.  Any information you provide will remain strictly confidential and 
will only be used for this study. 
 
 
General information 

 
1) In what part of Victoria do you usually work? 

 
All across Victoria   o 
Central Headquarters Kew   o 
Eastern Region    o 
North Eastern Region   o 
Northern Region    o 
North West Metropolitan Region  o 
South East Metropolitan Region  o 
South Western Region   o 
Western Region    o 

 
2)  What part of Vic Roads do you work in?  (If you work for more than one, please tick the one for whom 
you do most of your work). 

 
Geopave                                           o 
Human Resources   o   
Land Information and Survey                 o           
Program Delivery   o    
Program Development   o   
Road System Management   o   
Spray Line    o    
Traffic and Road User Management     o 
Transport Safety Services                 o 
Works     o    
Other  …………………..…………………... o 
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3) What are the main activities you would do on an average shift? 

   Inspection and assessment  oo  
   Road maintenance    oo    
   Survey     oo  
   Vehicle interception   oo     
   Other…………………………………….oo  

4)  How many years have you been working on or near roadways?  ……(year/s)      

5) When you are working on or near roadways, how many people are there in your group? 
  
      Just myself    o   
      Myself plus 1 or 2 others  o 
      Myself plus 3 or 4 others          o  
      Myself plus 5 or 6 others  o 
      Myself plus more than 6 others  o 
 

6) What time of day do you do most of your work on or near roadways? 
 
     Only between sunrise and sunset  o 
     Mostly between sunrise and sunset o 

Mixture of day and night work  o 
Mostly night work   o      
   

7) What part of the road area do you do most of your work? (If appropriate, tick more 
than one). 
   
       On the footpath   o 

      On the shoulder   o  
      By the side of the road   o 
      On the road itself    o 
      On the median strip   o  
      A combination of the above  o 
      Other …………………………………... o 

 
8) What percentage of your time would you spend in the following situations?  

 
Inside your work vehicle 0%   25%   50%   75%   100% 
Outside of your vehicle  0%   25%   50%   75%   100% 
In the office   0%   25%   50%   75%   100%   
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9) Did you receive any job-specific training for your work?  
 

No (go to question 11)   o 
Yes, I was trained on the job  o                       
Yes, before I started my job  o 
 
10) How long ago did you last receive training? 
 

Less than a year ago   o 
One to five years ago   o 
More than five years ago   o 

 

11) When you are working on or 
near roadways, how often do you 
use: 

For each option below, please 
circle one number from the 

scale below, where 1 = ‘never’, 
5 = ‘sometimes’ and 9 = 

‘always’ 

Arrow boards  

 

1 2 3 4 5 6 7 8 9 
 

Roof mounted flashing lights on 
vehicle 

1 2 3 4 5 6 7 8 9 
 

Speed limit signs on approach to 
roadworks 

1 2 3 4 5 6 7 8 9 
 

Stop and slow bats   1 2 3 4 5 6 7 8 9 
 

Traffic cones  1 2 3 4 5 6 7 8 9 
 

Truck mounted attenuator 1 2 3 4 5 6 7 8 9 
 

   
12) How effective do you think the following safety equipment is in helping to keep you safe at work?  
(1=not effective and  5=very effective). 
       

Roof mounted flashing lights on vehicle  1    2    3    4    5    don’t know 
Traffic cones     1    2    3    4    5  don’t know 

Stop and slow bats      1    2    3    4    5    don’t know 

Arrow boards     1    2    3    4    5    don’t know 
Speed limit signs on approach  
to roadworks     1    2    3    4    5    don’t know 
Truck mounted attenuator    1    2    3    4    5    don’t know 
 
13) What best describes your pattern of wearing your safety vest? 
 

I put it on at the beginning of the shift and don’t take it off till the end  o 
I only wear it when I am outside the car/truck    o 
I hardly ever wear it when I am working on or near roadways   o  
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14) When do you not wear your safety vest? (Tick more than one if applicable). 
 

 When I am on a break   o 
If it gets in the way   o 

 If I am too hot    o 
 If it makes me feel uncomfortable  o 

If I cannot be bothered   o 
If I am nowhere near the traffic   o 
If I am not working on  
or near the road that day   o 
Other (please explain)………………………o 
 

15) What effect does wearing a safety vest have on your safety? 

 
 None     o 
 Improves it somewhat   o 

Improves it greatly   o 
 I don’t know    o 
 Other     o 
 
 For each question below, 

please circle one number from 
the scale below, where 1 = 

‘never’, 5 = ‘sometimes’ and 9 
= ‘always’ 

  
16) Do you think that the colour of your 
vest helps drivers to notice you? 1 2 3 4 5 6 7 8 9  

 

17) If not, what colours do you think would be better? 
…………………………………………………………………………………………... 
 
18) Australian Standards recommends that 
workers wear high visibility garments on 
other parts of the body as well as the safety 
vest at night time.  Do you think this would 
increase your safety? 

 

1 2 3 4 5 6 7 8 9 

 

 

20) In addition to your vest, do you wear 
other bright coloured clothing (e.g., a 
yellow or red shirt) ? 

1 2 3 4 5 6 7 8 9  

 

19) Would you wear them? 1 2 3 4 5 6 7 8 9  
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21) If yes, what do you wear and what colour is it?  
…………………………………………………………………………………………... 
 
22) How long have you had your current vest? 
  
 Less than one year  o 
 Between one and two years o 
 Between three and four years o 
 Five years or more  o  
 
23) Why were you issued with that vest? 
 
 Started on the job   o 
 Old one was lost   o 
 Old one was damaged/worn out o 
 Old one was faded  o 

Other (please explain)  o  
…………………………………………………………………………………… 
 
24) Considering your own experiences at work, please rank each of the following items in terms of how 
effective you think they would be in improving your safety at work  (1 = least e ffective, 7 = most effective).   
 

Improved visibility of workers o      
  
Workers following safety rules better o 
  
Better signage and factors to warn motorists of 
people working on the road o 

  
Drivers travelling further away from workers o 
  
Drivers slowing down earlier as they approach 
where you are  working and then driving more 
slowly as they pass by where you are working 

o 

  
Road patrol workers to slow down traffic o 
  
Blocking off the road area where you are 
working so there is no traffic o 
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 For each question below, please 
circle one number from the scale 
below, where 1 = ‘never’, 5 = 
‘sometimes’ and 9 = ‘always’ 

  

25) Do you feel safe when working on or 
near roadways? 

 1 2 3 4 5 6 7 8 9 

 

26) Do you think that vehicles travel too 
close to where you are working? 

1 2 3 4 5 6 7 8 9  

 

27) What do you think is a safe distance between vehicles and where you are working? 

  Less than 3 metres  o 
 3 to 5 metres   o 
 More than 5 metres  o 

     
29) What do you 
think is a safe speed 

for vehicles to travel past where you are working? 
 Less than 20km/h   o 
 20-40 km/h   o 
 40-60 km/h   o 
 60-80km/h   o 
 Above 80km/h   o 

 
30) Which of the following vehicles is the most dangerous? 

 

Car    o 
Truck    o 
Motorcycle   o 
Why?…………………………………………………………………  

  ………………………………………………………………………. 
31) What effect does passing traffic have on you? 
 
  No effect   o 
  Feel frightened   o 
  Feel angry   o 
  Feel tense   o 
  Feel sick    o 

Difficulty sleeping  o 
  Other…. ………………………….. o 

28) Do you think that vehicles travel too 
fast past where you are working? 

1 2 3 4 5 6 7 8 9  
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For each question below, 
please circle one number 
from the scale below, where 
1 = ‘never’, 5 = ‘sometimes’ 
and 9 = ‘always’ 

32) Do you find it difficult to abide by 
safety rules in some situations, for 
example when a job is rushed or when 
you are under pressure to meet a 
deadline? 

1 2 3 4 5 6 7 8 9  

 
33) Are you confident in talking to 
your  
supervisor about safety issues? 

1 2 3 4 5 6 7 8 9  

 

34) Do written work procedures match 
the way tasks are done in practice? 

 
1 2 3 4 5 6 7 8 9  

 

35) Can you easily identify the relevant  

procedures required for each job? 

1 2 3 4 5 6 7 8 9  

 
36) If you have had problems with traffic when you are working, what suggestions do you have to make it 
safer? 

………………………………………………………………………………………………………………………
………………………………………………………………………………………………………………………
………………………………. 
37) What suggestions do you have to improve your safety at work? 
 
………………………………………………………………………………………………………………………
………………………………………………………………………………………………………………………
……………………………….  



SAFETY OF SMALL WORKGROUPS ON ROADWAYS                                
131 

 
Demographic details 
 
38) What is your gender? 
 
 Male    o 
 Female    o 
 
39) In what year were you born? 19______ 
 
40) What is your marital status? 
(please tick the one that best describes your present situation) 
 
 Single (never married)  o  

Married (living with partner) o 
Separated or divorced  o 
Widowed   o 
Other    o 

 
41) What is the highest level of education you have completed so far? 
 
 Primary school   o 
 Part of secondary school  o 

Completed year 12 or equivalent o 
Technical college or similar o 
University degree  o 
Post-graduate degree  o   

 
 
Thankyou for taking the time to complete this questionnaire. When 
completed, please return it to us in the reply-paid envelope.   
If you would like to find out about the results of the study, or about the 
work of the Monash University Accident Research Centre, please visit 
our Web site at www.general.monash.edu.au/muarc.  We anticipate that 
the final results of the study will be available in late 2002. 
 
You can complain about this study if you don’t like something about it.  
To complain about the study, you need to phone 99052052.  You can 
then ask to speak to the secretary of the Human Ethics Committee and 
tell him or her that the number of the project is 2001/620.  You could 
also write to the secretary.  That person’s address is: 

 
     The Secretary 
     The Standing Committee on Ethics in Research Involving Humans  
     PO Box 3A 
     Monash University Victoria 3800 
     Telephone (03) 9905 2052  Fax (03) 9905 1420 
     Email: SCERH@adm.monash.edu.au  


