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Abstract 
 

According to the Australian Work Health and Safety Strategy 

2012-2022, the prevention of road transport accidents has been 

identified as a national priority, and efforts have been made by 

national regulators to prevent heavy vehicle-related workplace 

incidents and accidents. In recent years, much attention has been 

given to heavy vehicle drivers’ fatigue management. Increasing 

evidence suggests that long working hours negatively influence 

heavy vehicle drivers’ physiology, health, and safety. However, 

there is little empirical research in the heavy vehicle transport 

sector in Australia to identify the influence of working hours 

management on drivers’ fatigue and consequently, on the risk of 

crashes and injuries. There is no national legislation regulating the 

number of hours or kilometres travelled by heavy vehicle drivers. 

Consequently, it is almost impossible to define a standard number 

of hours or kilometres for heavy vehicle drivers in a safety 

management system. This paper reviews the existing studies 

concerning safe system interventions such as tachographs in 

relation to fatigue caused by long working hours. This paper also 

reviews the literature to identify the influence of frequency of rest 

breaks on the reduction of work-related road transport accidents 

involving heavy vehicles. A framework from existing studies is 

presented to manage heavy vehicle drivers’ fatigue, which may 

result in the reduction of injuries and fatalities involving heavy 

vehicles. 
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1. Introduction 

 
The results of risk evaluation and workplace accident analysis 

suggest that fatigue is a causative factor for accidents, injuries and 

deaths in a wide range of workplace accidents [1]. Tired 

employees in all settings including transport operations such as 

road, aviation, rail and maritime, as well as other occupational 

settings, are less likely to produce safe performance, and the 

likelihood of unsafe performance or action increases notably when 

uneven/long hours of work are involved [1]. Within the transport 

industry, fatigue is known to be a workplace/work-related hazard 

and appears to be a reason for the large number of workplace-

related road transport incidents, especially those involving heavy 

vehicles [2]. 

In their case study research on sleep and fatigue in transportation 

industries in Canada, Stuart et al. (2006) studied two different 

fatal transportation industry accidents and concluded that there 

was one common root cause of these accidents: sleepiness-related 

fatigue, to which working hours was the greatest contributor. In 

Australia, as in other countries around the world, fatigue has been 

identified as a casual factor in heavy vehicle and road transport 

accidents and working time makes a direct contribution to 

increased fatigue among drivers [3]. Driver fatigue has been 

identified as a contributing factor in 25% of road transport 

accidents across Australia and more than 30% of fatigued drivers 

break the road rules [4]. According to a recent study conducted by 

the Monash University Accident Research Centre (MUARC) 

intoxication and/or fatigue and diverted attention or distraction 

represent major road safety problems as shown in Table 1 [2]. 

 
The study by Accident Research Centre (MUARC) found that the 

number of crashes related to intoxicated drivers are more than 

crashes were caused by passenger interactions. The MUARC 

study also found the most common subtypes of distraction were 

primarily due to intoxication and/or fatigue, and distraction. 

Although fatigue is unavoidable, management methods exist to 

eliminate /reduce this public hazard. A systematic approach to 

haulage road safety is required to ensure that the safety of drivers 

and all other road users is maintained. In order to facilitate and 

inform such an approach, it is necessary to have some 

understanding of the existing knowledge, and the determination of 

areas requiring future research would facilitate a systematic 

approach to filling existing knowledge gaps [1, 4]. 
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Table 1- MUARC study of 340 casualty crashes in Victoria and 

New South Wales (2000-2011) 

  Crash Fatality   Importance (%) 

  Intoxication 13.5 

  Fell asleep 11.8 

  Fatigued 10.9 

  Failed to look 3.2 

  Passenger interaction 3.2 

  Felt ill 2.6 

  Blacked out 2.6 

  Feeling stressed 1.8 

  Looked but failed to see 1.5 

  Animal or insect in vehicle 1.4 

  Using a mobile phone 0.9 

  Changing CD/cassette/radio 0.9 

  Adjusting vehicle systems 0.9 

  Looking at vehicle systems 0.9 

  Searching for object 0.3 

 

 

2.  Fatigue 
 

2.1. Human Fatigue Authenticity 
 

In the nineteenth century, the breakthrough of the laws of 

thermodynamics in physics led to the study of human activity and 

compared the human body to an industrial machine [4]. Scientists 

could measure the elements that would facilitate harmony between 

an industrial machine and the human body to increase the 

performance of labour, and the discovery revealed that the process 

of decline, dissolution and exhaustion in human body is inevitable 

when fatigue occurs. According to this study, fatigue is the 

endemic disorder of energy conservation and the entropy in 

human motor and is the characteristic sign of the external limits of 

the human body and mind [5]. 

 

The management of heavy vehicle driver fatigue is one of the 

most important safety issues in the prevention of road transport 

incidents and accidents. In nations like Australia, heavy vehicle 

crashes in the long-distance road freight industry are often 

attributed to fatigue resulting from long driving hours [6]. Heavy 

vehicle drivers rank between fourth and eighth among the most 

prone to accidental deaths on highways [6]. The Australian 

Transport Safety Bureau’s 1996 data reported 34 deaths involving 

heavy vehicle drivers in road crashes [7]. This matter has attracted 

interest, since road transport has been an extremely competitive 

industry for the past 20 years, with a large number of operators 

responding to the pressures of commercial activity. Commercial 

activities include strategies to promote cost-saving through 

increased subcontracting, contingent work, and pay systems to 

encourage or reward employees, such as providing bonuses or 

penalties. Competition, on the other hand, is influenced by factors 

such as the increase in supermarket chains, improved business 

logistics, and the use of information technology, which has paved 

the way for easier vehicle use and tracking [8]. However, 

competition and commercial practices have attracted critical 

attention since they contribute to risky work practices. In a survey 

conducted among heavy vehicle drivers, it was found that fatigue 

due to hours of work (along with other hazardous behaviours like 

speeding and drug use) is due to several factors, including delays 

in loading and unloading, lack of security related to trip-based 

pay, and unaccounted non-driving tasks in scheduling [9]. The 

focus of the present study is to evaluate the impact of heavy 

vehicle drivers’ fatigue on workplace incidents and accidents. 

Based on evidence gathered from this research, the objective is to 

provide helpful information for the development of safety 

measures relevant to the prevention of injuries and fatalities in 

heavy road transport. 

 

2.2.  Heavy Vehicle Drivers’ Fatigue 
 

Fatigue involves great danger to any driver and this 

becomes more severe, for top-heavy vehicles carrying 

hazardous materials. Even the slightest error in rolling 

motion or turning can possibly put the lives of people in 

peril, not only that of the driver but also the unsuspecting 

public. This is because exhaustion causes poor decision-

making, delayed reaction time, and poor concentration [10]. 

Unlike average drivers, heavy vehicle drivers have greater 

road exposure due to the many more kilometres that they 

travel. This is a very important consideration, since the 

number of people killed or seriously injured per 100 million 

kilometres travelled determines the risk in relation to 

exposure. The longer the distance and hours of driving, the 

greater the possibility for drivers to experience fatigue, 

which is one of the main causes of road accidents [11]. 

Studies show that fatigue-related road crashes are three 

times more likely to occur especially when it includes poor 

sleep quality. This is why heavy vehicle drivers must 

constantly undergo assessment in terms of their fitness 

status. Chest problems and other issues involving 

abdominal organs may worsen driver fatigue [12]. 

 

Government departments are doing everything in their 

capacity, such as the regulation of drivers’ hours, in order 

to ensure that their strength and energy are restored after 

driving long distances. For instance, the Australian Work 

Health and Safety Strategy 2012-2022 along with different 

advocates of the motor carrier industry and highway safety 

interest groups have been pushing for the prevention of 

driver fatigue, which is considered a crucial public policy 

transportation issue. They are also encouraging other 

sectors such as those belonging to the scientific community 

to aid their research in order to strengthen evidence that 

driver fatigue is indeed one of the leading causes of 

highway injuries and deaths [13]. Even private researchers 

like the Zaragoza Logistic Center stress the importance of 

complying with the rules for taking the amount of rest 

required by the Australian Heavy Vehicle Driver Fatigue 

Law [14]. However, regulations tend to have limitations, 

such as the difficulty of monitoring the number of hours 

driven due to the falsification of logbooks. In addition, 

regulations may not be applicable to other countries, since 

the regulated driving hours do not operate in unison with 

the human body clock, thus leading to more fatigue [11]. 

There is also the issue that there is little empirical research 

in countries like Australia that demonstrates how the 
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management of heavy vehicle drivers’ working hours 

influences fatigue that leads to vehicular accidents. 

 

According to Anderson (2013), fatigue management is a 

very complex task, especially when the aim is to ensure 

public road safety. The reason for this is that there are many 

factors to be considered and understood at the same time. 

Fatigue management mostly serves as helpful suggestions 

but not as imposing regulations. Fatigue management is an 

on-going debate that needs further study. 

 

 

3. Framework for the Management of Heavy 

Vehicle Drivers’ Fatigue 
 
There are different models for understanding the appropriate 

management of heavy vehicle driver’s fatigue as a means to 

reduce the injuries and fatalities involving heavy vehicles. One of 

those models is the Heavy Vehicle Driver Fatigue model [15], 

which focuses on determining several factors related to scheduling 

and scheduling-related elements, carrier safety practices and 

policies affecting driver fatigue, and the bases of driver fatigue. 

This model has three important categories: heavy vehicle driving 

environments, economic pressures, and carrier support for driving 

safety (Figure 1). 

 

 
Fig. 1. Factors affecting driver’s fatigue 

 

3.1.  Heavy Vehicle’s Driving Environments 
 

This category discusses the role of three elements in heavy vehicle 

driving environments. The first is regular time which is used as 

the basis for forming routine schedules for drivers and is often not 

in accordance with the circadian rhythm or daily cycle of activity 

commonly observed among working individuals. A person’s 

circadian rhythm provides helpful information in determining the 

risk of accidents within the body’s 24-hour cycle. The risk of 

vehicular accidents among heavy vehicle drivers tends to double 

between 12 midnights and 6 o’clock in the morning. [16]. The 

long working hours of heavy vehicle drivers include a great deal 

of physical exertion and mental concentration, especially when 

driving under poor road and weather conditions. Stress-inducing 

factors also include heavy cargoes, noise, extreme temperatures, 

and mechanical vibrations, which are detrimental to one’s 

physical health [17]. Therefore, it is imperative to develop a 

regular driving schedule where the elements for consideration 

include the percentage of time on normal driving hours, careful 

arrangement of driving within a 24-hour period, the quality of 

uneven driving work, and maximum hours of driving in a week. 

Next to regularity of time is quality of rest, which is concerned 

with the location and at what time drivers are able to have long 

and continuing sleep. The third element is the trip control 

measure, which indicates the driver’s ability to plan ahead for 

incoming trips and how successfully they are able to execute the 

trip plan later [15]. In understanding the totality of their 

surrounding conditions, it would be easier for drivers to anticipate 

possible difficulties and deal with them reasonably. 

 

3.2. Economic Pressures 

 

The wake of the global financial crisis impact on companies 

generally increased more cost-focused operators. Road transport 

operators have responded to economic pressures largely 

throughout increasing the working contracts and decreasing labor 

costs. the measures to reduce the cost are using larger trucks, 

lessening driver payments trip/incentive-based pay, engaging self-

employed drivers, cheaper drivers or drivers who work longer 

hours for the same pay, figure 2 groups the economic factors 

related to Heavy Vehicle’s Drivers Fatigue to be addressed in the 

framework for managing of heavy vehicle drivers’ fatigue [9], 

[17]. 

 
Fig 2: Economic Factors affecting driver fatigue 

 

The discussion on economic pressures identifies issues involved in 

scheduling which have intensified due to the popularity of just-in-

time production processes and increased customer demands. 

Drivers have no choice but to keep up with the trend, despite the 

reality that most of the time they may already be drained of energy 

and effectiveness in their job. The pressure becomes even worse 

with the employers’ financial and non-financial incentive 

strategies as well as penalties which are used to entice the drivers 

to work harder and employers warning them of the consequences 

when they are unable to meet the targeted loads and trips. Drivers 

must be made aware of the disadvantages of being overwhelmed 

by these pressures. They must realize the importance of quality 

sleep and time spent relaxing with friends [15, 16]. 

 

3.3. Carrier support for driving safety 

Crum and Morrow (2002) stressed the responsibility of both the 

driver and carrier businesses in the management of driver fatigue 

and therefore the prevention of road crashes and injuries. First and 
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foremost, drivers must exercise judgment if they are already 

overly fatigued and therefore must stop driving. On the other 

hand, carrier management must consider the consequences of 

driver fatigue and must establish work cultures, incentive systems, 

and training opportunities that will help resolve the issue. (Figure 

3).  

 

As shown in Figure 3, the key parts of Road Transport Safety are 

organisational / Individual Safety measures and Road safety 

regulation. These are the fundamental elements in how we address 

road safety and design the safety system to prevent Fatigue which 

results in eliminating the risky driving behaviours and preventing 

crash/accident. 

 

The relationship between elements in Figure 3 stresses that those 

involved in the design of the road transport system has the share 

responsibility for the safety of the system, to prevent Driver’s 

fatigue. It aligns safety management decisions has direct impact 

on economic, human and environmental goals. This represents a 

fundamental shift in thinking in how we try to address the 

elements of Driver’s Fatigue and prevent the risk of Road Crashes 

[2]. 

  

Organisational/Individual safety 

culture 
Regulation enforcement 

Scheduled rest break 

Road transport safety 

Time Pressure 

Payment/Income 

Economic pressure 

 

F
at

ig
ue

 

Risky driving behaviour 

Drivers decision on 

taking/not taking rest break 

Crash/Accident 

 
Fig 3: Relationships between elements influencing driver’s fatigue 

and the likelihood of accidents. 

 

Activities that lead to the improvement of heavy vehicle driving 

skills include special on-road dynamics, which is concerned with 

the ability to recognize other road users, compromise on road 

rules, and anticipate other users with regard to on-road decisions 

[18]. Companies must make driver safety their top priority, 

instead of profitability. They must also be open to suggestions 

from drivers on how to strengthen safety on the job [18, 19] 

Furthermore, carrier management must also make the customers 

(both shippers and receivers) understand the dangers of driver 

fatigue in order to encourage sensitivity and prevent them from 

creating unreasonable demands. 

 

4. Effects of Long Working Hours on the 
Physiology, Health, and Safety of Heavy 
Vehicle Drivers 

 

The Australian Government is among those who immediately took 

action in prioritising heavy vehicle safety through public 

education campaigns and surveys of opinion. This demonstrates 

public awareness of fatigue as a road safety issue. However, these 

measures have yet to be proven effective in reducing the number 

of heavy vehicle-related traffic incidents [11, 19].  Based on 

studies in relation to the effective management of workplaces, 

long hours of work have negative effects on a person’s mental 

health, can be physically and emotionally strenuous, and may 

result in heart disease. In a study including 300 Australian long-

distance heavy vehicle drivers, half of the respondents revealed 

they suffered from chronic back injury or hearing loss or worse, 

committed suicide due to the amount of stress [20]. It also causes 

male infertility, as being in a seated position for long hours leads 

to abnormalities in sperm counts resulting from the unhealthy 

temperature in the scrotum [21]. To make matters worse, some 

individuals cope with stress by resorting to unhealthy behaviours 

such as smoking, alcoholism, and poor diet. Another negative 

effect of long working hours is lack of concentration, which may 

lead to errors and accidents on the highway [22]. Furthermore, 

drivers often experience occupational violence which exposes 

them to physical assault resulting from long hours of driving. 

 

According to Mayhew & Quinlan (2006), at least three types of 

violence are experienced by heavy vehicle drivers due to long 

driving hours. The first is verbal abuse and violence from other 

motorists, which is very common due to road rage during heavy 

traffic, especially along areas of red traffic lights or road junctions 

where traffic flows slowly. There are also abuse and threats from 

staff at freight forwarding or loading yards, as well as from 

customers when deliveries arrive late or during disagreements 

over the price of deliveries. In interviews, drivers reported having 

missiles thrown at them or being shot. Therefore, further 

investigation is required in order to understand the extent and 

degree of occupational violence resulting from long hours of 

driving. In addition, issues involving aggression at loading yards 

and from customers, which originate from problems such as 

economic and time pressures, must also be resolved (Mayhew & 

Quinlan, 2006). 

 

4.1. Safe System Interventions to Solve Fatigue Issues 

Caused    By Long Working Hours 
 

Many safe system interventions have been applied in order 

to address the issue of fatigue caused by long working 

hours. One of them is the use of tachographs, which were 

created for the purpose of controlling the working hours, 

rest hours, and vehicle speeds of heavy vehicle drivers. 

[23]. Invented in 1940 by the Sangamo Electric Company, 

the tachograph is also used to measure the frequency and 

duration of stops which are recorded on wax charts [24]. 

The tachograph is a very reliable device since it is also 

capable of monitoring law-breaking activities like 

unlicensed toxic waste dumping as well as fuel theft. 

Unfortunately, this is the same reason why individuals 

tamper with the instrument, such as drivers who falsify the 

information to show that they have driven less distance 

[25]. Cheating with tachographs in such a manner is one 

indication of economic pressure where heavy vehicle 

drivers are exerting efforts to earn more but are prevented 

by regulating bodies due to road accident risks once drivers 

become fatigued. For instance, drivers may claim that they 

were on their day off but were still in fact working [26]. 

 

The practice of frequent rest breaks among heavy vehicle 

drivers is very important for their driving performance. It 

prevents any impairment on the job which may lead to 

possible risks of increased road accidents. (Figure 4) 
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5. Conclusions 
 

According to Arboleda et al. (2003), heavy vehicle drivers will 

only be able to appreciate the essence of driving safely if the firms 

they are working for are also concerned with the implementation 

of safety management practices. The issue of managing heavy 

vehicle drivers’ fatigue through the analysis of long driving hours 

involves several interconnected elements that are yet to be 

revealed and understood, such as economic pressures. Uncovering 

those elements will pave the way for strong regulations that will 

ensure compliance and public road safety in the future, this 

requires enhancing analysis in the road transportation industry to 

identify the interacting road transport management system 

components is the path to prevent drivers fatigue and road crashes.  
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