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Abstract 

This research objectively addresses the causes of accidents associated with trackless 

mobile machines in surface mines of the Northern Cape Province, South Africa. The 

primary and secondary objectives of the study were identified to ensure that the 

research question is answered; that is to : identify the basic, direct and indirect causes 

of accidents and injuries associated with trackless mobile machines; determine the 

overall systemic causes of the accidents and injuries associated with trackless mobile 

machines; find and recommend methods to reduce accidents and injuries associated 

with trackless mobile machines and increase hazard awareness, while enabling mine 

management to select and prioritise problem areas and identify safety systems’ 

weaknesses related to trackless mobile machines. 

 

A comprehensive literature review was conducted on the subject matter to determine 

local and global perspectives on possible factors that can influence causes of accidents 

associated with TMM on surface mines. It also assisted in developing a research tool 

utilised to collect information/data. The research tool utilised was a structured 

questionnaire, a Likert-5 type rating scale.  Probability and purposive sampling was 

conducted. Respondents who were known to possess the required information were 

targeted to ensure effective utilisation of available resources. 

 

Data were collected and captured on computer as raw data, whilst a statistical analysis 

(descriptive statistics) was conducted to enhance the understanding of the properties 

of this data. The findings were that ineffective and inadequate hazard identification 

and risk assessment, lack of health and safety management systems, lack of drafting 

and implementation of COPs and SOPs, ineffective and inadequate training, 

managerial leadership issues and behavioural issues are major causes of accidents 

associated with TMM, more especially in small-scale mines. Finally, recommendations 

were made on strategies to be applied to prevent and reduce accidents and injuries 

associated with TMM, including areas for further research. 
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Definitions 

Accident An accident is a specific, unidentifiable, unexpected, unusual and 

unintended external action which occurs in a particular time and 

place with no apparent and deliberate cause but with marked 

effect. 

Incident Any unplanned event resulting in, or affected by the occupational 

health and safety performance of an organisation. 

Competence Being qualified by virtue of knowledge, training, skills and 

experience to execute work. 

Circadian rhythm It is the interval cycle of 24 hours that regulates the physiological 

and behavioural activities of a living organism. It is a cycle that 

tells our bodies when to sleep, rise, and eat (regulating 

physiological and behavioural activities). 

Employer  An owner of a mine. 

Employee Any person who is employed by or working at a mine. 

Ergonomics The study how people interact with their work,  fitting the job, the 

equipment and the work environment to the worker. 

Epidemiology The study of distribution and determinants of disease. 

Hazard A source of or exposure to danger. 

Risk The likelihood that occupational injury and harm to a person will 

occur. 

Mine (I) any bore hole, or excavation in any tailings or in the earth, 

including the portion of the earth that is under the sea or other 

water, made for the purpose of searching for or winning a 

mineral, whether it is being worked or not, or 

(ii)  any other place where a mineral deposit is being exploited, 

including the mining area and all buildings, structures, machinery, 

mine dumps, access roads or objects situated on or in that area 

that are used or intended to be used in connection with 

searching, winning, exploiting or processing of a mineral, or for 

health and safety purposes. 

Mineral Any substance, excluding water but including sand, stone, rock, 

gravel and clay, as well as soil, other than topsoil; 

(a) whether that substance is in solid, liquid or gaseous form; 

(b) that occurs naturally in or on the earth, in or under water or 

tailings; and 

(c) any substance that has been formed by or subjected to a 

geological process. 
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Planned Task 

Observation 

A function of checking how a particular task is being done against 

the written safe work procedure. 

Safe Free from harm. 

Safety Safety at mines. 

Surface Mining Involves many variations on the basic concept of exposing and 

mining ore, often by removal of waste material surrounding the 

ore, without using tunnels and shafts to access the ore directly. 

Section 54(1) 

instructions 

An instruction/s issued by the Inspector of mines in terms of 

Section 54 of the MHSA Act 29 of 1996 as amended, to protect 

the health and safety of persons working at a mine. 

Trackless Mobile 

Machine 

Any trackless mobile machine, self-propelled or otherwise, that is  

a) used for the purpose of performing mining, transport or 

associated operations underground or on surface at a 

mine; or 

b) is mobile by virtue of its movement on wheels, skids, 

caterpillar tracks, mechanical shoes or any other device 

fitted to the machine. 

  

Tolerable risk Risk which is accepted in a given context, based on the current 

values of a society or an organisation. 

Visible Felt 

Leadership 

Leadership that focuses on influencing people to commit to 

thinking and behaving in ways that are consistent with what is 

important for business and personal safety.  It is a unique way of 

interacting with employees and a model of leading them. 

Working place Any place at a mine where employees travel or work. 
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Chapter 1. Introduction and background to the context of the research 

1.1 Introduction 

 

The mining industry is a very important economic sector for many nations around the 

world, including South Africa. This sector comprises the utilization of diamonds, coal, metal 

and non-metal mineral resources. The use of these minerals by nations around the world 

is extensive and includes generation of power and electrical energy, manufacturing of steel, 

production of agricultural products, commercial and residential building products, 

production of medicines, as well as numerous household products and other manufactured 

products. Sustainability and growth of this industry is also key to economic development 

of many mining nations globally, including the Northern Cape Province, South Africa. 

(Groves, Kecojevic & Komljenovic, D, 2007). Major commodities mined in the Northern 

Cape Province surface mines are Diamonds (DI), Iron Ore (Fe), Manganese (Mn), Lime (li), 

Granite, Dolerite etc.  A surface mining process mostly includes drilling, blasting, load and 

haul, crushing and screening. It involves many variations on the basic concept of exposing 

and mining ore, often by removal of waste material surrounding the ore without using 

tunnels and shafts to access the ore directly. Trackless Mobile Machines such as Dump 

trucks, Front End Loaders, Excavators, Light Delivery Vehicles and others are used 

extensively on surface/open-cast mining operations of the Northern Cape Province. 

 

It is also worth mentioning that mining environment and related activities have been 

known to be the most dangerous and hazardous in many countries around the world, 

including South Africa (Groves et al., 2006). In addition, due to their severity and frequency, 

mining related fatalities, injuries, and illnesses are among the disastrous and most costly 

(Groves et al., 2007). This view is supported by accidents that occurred in the past in South 

Africa such as the Kinross Gold Mine disaster - 177 mineworkers were fatally injured, 325 

injured and one missing (1986), Vaalreefs Gold Mine disaster - 104 mineworkers were 

fatally injured (1995), Mponeng Gold Mine disaster - 18 mineworkers were fatally injured 

(1999), Lilly Gold Mine -Two mineworkers are still missing (2016), to mention but a few.  

 

According to MSHA records, the highest number of mine fatalities are attributed to the 

general category of equipment, Trackless Mobile Machines included (Groves et al., 2007). 

According to Thompson R.J., Fourie G.A. Visser A.T & Smith R.A (1998), transport and 

tramming operations in Northern Cape open-cast/surface mines are also an area of 

considerable accident risk. An analyses of South African mine safety statistics and records 

by The Department of Mineral Resources rank accidents associated with transport and the 

use of heavy plant and machinery as second to accidents resulting from falls of ground. 

Transport and machinery-related accidents still have the highest significance in terms of 

the number of incidents and the number of injuries, despite all efforts by the mining 

industry to prevent such accidents and injuries.  
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According to records of accidents reported to the Department of Mineral Resources (DMR) 

in the Northern Cape Province from 01 January 2009 to 31 December 2013, a total of 529 

accidents were reported of which 356 were on surface mines. Furthermore, 128 trackless 

mobile machine (TMM) related accidents for surface mines were reported which 

constitutes 36% of accidents reported on surface mines, resulting in 20 serious injuries, 

including fatalities. Thompson et al., (1998) also highlighted the fact that 74% of accidents 

on surface mines were associated with ore transfer by haul trucks and service vehicle 

operations, which is also a very serious concern. These statistics also indicate and support 

the view that accidents associated with TMM are an area of considerable risk for the mining 

community in the province and the country (Thompson et al., 1998). 

 

The researcher observed that since the promulgation of the Mine Health and Safety Act, Act 

29 of 1996 (South Africa, 1996), no comprehensive research or literature could be found on 

causes of accidents related to trackless mobile machines on surface mines of the Northern 

Cape Province, especially that of small-scale and artisinal miners, which is the most concerning 

factor based on safety records and statistics. Furthermore,  the researcher is concerned about 

the causes of these accidents and also the socio-economic impact of the accidents and injuries 

associated with trackless mobile machines on trackless mobile machine operators and the 

entire mining industry. 

 

Hence, this research report takes an objective view to determine the causes of accidents and 

injuries associated with Trackless Mobile Machines in the Northern Cape Province mines. It 

furthermore investigates and recommends methods to reduce accidents and injuries 

associated with TMM, to increase hazard awareness and to enable management to select and 

prioritise problem areas and identify safety management systems’ weaknesses (Groves et al., 

2007). This is achieved by conducting an in depth literature review, using an appropriate 

research method and design (quantitative), collecting data by using structured questionnaires 

and carrying out in depth descriptive analyses of collected data. In conclusion, it attempts to 

determine if the research question is answered and the objectives of the study are achieved 

whilst identifying areas for further research. 

1.2 Background 

The researcher has observed that since the demise of apartheid at the beginning of the 1990s, 

South Africa’s mining industry was, and still is, subjected to various perceptions as far as 

transformation in health and safety is concerned. Previously, lower-level employees such as 

trackless mobile machine operators, drill machine operators, mining assistants and others 

were not adequately empowered to deal with health and safety challenges confronting them 

daily in their workplaces. Most employees, more especially Africans and women, were also 

not afforded the opportunity to develop and advance themselves in many ways. However, 

since 1994, much transformation has taken place in the mining industry as far as health and 
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safety legislation, industrial and labour relations and technology is concerned. Recently, 

women were also afforded the opportunity to become trackless mobile machine operators, 

rock drill operators, and rail-bound machinery drivers in the mining industry, which were 

previously perceived to be male jobs. This transformation also came with its own challenges 

as far as mine health and safety is concerned. 

According to Stanton (2003), the regulatory framework for health and safety was continuously 

reviewed to address some of the health and safety challenges in the mining industry, even 

before the 1990s. Some of these reviews came about because of commissions of inquiries that 

were established to inquire into the state of health and safety in the mining industry and 

catastrophic events that took place in this important sector of South Africa’s economy. Some 

of the known commissions were the Krauze Commission of 1907, Mining Regulation 

Commission of 1925, and Marais Commission of 1960, which were established after 437 mine 

employees had been fatally injured in the Coalbrook Colliery disaster (Stanton, 2003). 

However, most of the previous commissions took place under extremely difficult conditions 

because of apartheid laws restrictions such as prohibition of worker participation in issues 

relating to health and safety, as no worker representation (registered trade unions) was 

allowed, and there was no transparency. The only commission that was established under a 

conducive environment for change was the Leon Commission. 

The Leon Commission, chaired by Judge Ramon Nigel Leon, was established on 28 May 1993 

by the then Minister of Department of Minerals and Energy Affairs to inquire into safety and 

health in the mining industry. After the Leon Commission, the Mine Health and Safety Act 

(MHSA), Act 29 of 1996, as amended, which has been in effect since 15 January 1997, became 

the legal basis for regulating occupational health and safety (OHS) in South Africa’s mines. It 

also resulted in an extensive process of policy review originating from the findings and 

recommendations of the Leon Commission of Inquiry into health and safety in the mines. 

Hazard identification and risk assessment became key to preventing and reducing accidents 

and injuries in the mining industry in South Africa. Section 11 of the Mine Health and Safety 

Act requires an employer to conduct hazard identification and risk assessment, and put 

measures in place to deal with the identified hazards and risk assessed (Stanton, 2003). 

The commission concurred with the view that the accident record of the industry was 

‘appalling’ and found that the scale of death, injury and disease was such that remedial action 

had to be taken urgently (Stanton, 2003). South African Mines Reportable Accidents Statistics 

System (SAMRASS) reports also supported the view of the commission that the accidents 

record of the industry was ‘appalling’. According to the Chief Inspector of Mines’ 2013 Annual 

Report, 93 mine workers were fatally injured and 3 126 were seriously injured in South African 

mines. Trackless mobile machine operators accounted for 20 fatalities, which is 22% of overall 

fatalities and 570 injuries, which equates to 18% of overall injuries.  According to the Chief 

Inspector of Mines’ 2013 annual report accident and injuries statistics, fatalities and injuries 
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associated with trackless mobile machines are the second highest after rock fall related 

fatalities and injuries.  

According to the Safety in Mines Research Advisory Committee (SIMRAC) Report by Phillips 

and Landman (COL 034, 1995) as mentioned by Stanton (2003), 51% of accidents, 30% of 

fatalities and 48% of injuries on mines were associated with transport and tramming. The 

SIMRAC Report by Simpson et al., (1996), which investigated the causes of transport and 

tramming accidents, highlighted the fact that 74% of accidents on surface or open-cast mines 

were associated with ore transfer by haul trucks and service vehicles (TMM). Statistical 

analysis by the Northern Cape Region, Mine Health and Safety Inspectorate (MHSI) indicates 

that trackless mobile machines accidents remain to be the highest number of accidents 

reported in the region. Sixty-eight (68) TMM accidents were reported to the DMR Northern 

Cape Mine Health and Safety Inspectorate regional office through SAMRASS in the year 2013 

as compared to 98 in the year 2014, which is a 69.4% increase. These statistics indicate that 

transport and tramming operations are areas of considerable risk within the Northern Cape 

Province mining industry.  

In view of the aforegoing, the researcher was motivated to attempt to determine the causes 

of accidents and injuries associated with trackless mobile machines in the mining industry of 

the Northern Cape Province, South Africa. He also attempts to determine why trackless mobile 

machines are associated with so many accidents and fatalities despite all efforts by different 

stakeholders to reduce such accidents and injuries. The researcher will further explore and 

establish the impact of legislation on trackless mobile machine operators in addressing 

accidents/incidents and injuries relating to trackless mobile machines on surface mines in the 

Northern Cape Province. The aforementioned health and safety statistics also support the 

need for research relating to accidents and injuries associated with trackless mobile machines. 

However, any study follows a specific approach to answer the research question and realise 

the objectives of the study. The researcher found a quantitative approach more suitable for 

this study (Cock,2008). The researcher chose a method that allowed him to objectively 

measure the variable of interest. It also allowed him to be detached from the participants so 

the he could draw unbiased conclusions (Leedy & Ormrod, 2005) . The research was preceded 

by an in depth literature review and subsequently the development of a data collection tool 

or questionnaire.  Probability and purposive sampling were found to be the most suitable for 

this study (Maree, 2012). However, participants were selected because of some defining 

characteristics that made them suitable candidates to provide the data needed for the study, 

owing to available resources and time. The sample size was not fixed prior to data collection 

for this particular study, however a minimum sample size was determined with the assistance 

of the statistician for statistical analysis purposes. Self-administered structured Linkert-type 5 

scale questionnaires were found to be appropriate for data collection.  
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In conclusion, all the abovementioned legislative changes and socio-political transformation 

came with their own health and safety risks, financial burdens and operational challenges 

relating to trackless mobile machines. These challenges also encouraged the researcher to 

objectively establish the impact of  effective and adequate hazard identification and risk 

assessment, drafting and implementation of codes of practices (COPs) and standard operating 

procedures (SOPs), ergonomics and fatigue management, managerial leadership, effective 

and adequate health and safety training and awareness, accident reporting and investigation, 

safety management systems and behavioural issues in a workplace. This will also include the 

role of enforcement agencies on prevention of accidents associated with trackless mobile 

machines, in the Northern Cape Province, South Africa. The researcher fervently believes that 

zero harm to People, Environment and Equipment is achievable and this research will add 

value to achieving this ideal. 

1.3       Ontological Perspective 

The researcher observed the challenges relating to accidents and injuries associated with 

trackless mobile machines in the Northern Cape Province during his tenure as Inspector of 

Mines and Safety Manager. He is currently a mine manager and a member of the Northern 

Cape Mine Managers Association and also observed that these challenges are still persistent 

and still experienced by different mines. The researcher is of the view or opinion (unjustified) 

that the following factors could be the causes of accidents and injuries associated with TMMs 

(this represents what the researcher thinks without proof): 

• Failure to comply with the requirements of the Mine Health and Safety Act, Act No. 29 

of 1996. 

• Failure to carry out effective and adequate hazard identification and risk assessment. 

•  Failure to address ergonomics issues associated with TMM. 

• Lack of or inadequate fatigue management. 

• Lack of safety leadership and culture. 

• Behavioural issues associated with accidents in a workplace. 

• Failure to address hazards and risks associated with TMM. 

The researcher was convinced of the existence of the theory or knowledge that could explain 

this phenomenon (epistemology) objectively through facts (Maree, 2012). 

 

1.4 Rationale and problem statement 

For any industry to be successful and sustainable, it should meet not only the production 

requirements, but also maintain the highest health and safety standards for all concerned. 

The industry should identify the hazards and assess the risks and bring the risks to tolerable 

levels on a continuous basis. The existence of hazards of mining as an activity and the 
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complexity of mining machinery and equipment and the associated systems, makes it 

impossible to be naturally safe. Regardless how well the machinery or methods are designed, 

there will always be potential for serious accidents. 

The researcher is concerned about the high number of accidents/incidents and injuries 

associated with trackless mobile machines in South Africa’s mining industry. He is also 

concerned about their socio-economic impact on trackless mobile machine operators and the 

mining industry as a whole. Hermanus (2007) states that South Africa’s mining sector safety 

record lags behind international standards. According to O’Tool (2012), The South African 

government, trade unions, and investors are putting pressure on the mining industry to 

improve its safety record. There is also pressure on the mining industry to improve 

productivity to stay economically viable and to earn a return for investors. 

The research also arose from concrete problems that the researcher observed (Bless & Higson-

Smith, 1999: 17). The researcher worked for a period of 20 years in the mining industry in 

different positions and observed these problems and challenges over that period of time. Of 

the 20 years working in the mining industry, 13 were spent working for DMR as Inspector of 

Mines. It was during that time that the researcher observed these problems and challenges 

during the conduction of inspections, audits, accident inquiries and investigations relating to 

trackless mobile machines in different mines countrywide. The researcher opted to focus on 

the causes of accidents and injuries associated with trackless mobile machinery from a health 

and safety practitioner’s perspective.  

1.5 Assumptions made about the current situation 

Regardless of how well the machinery or mining methods are designed and maintained, there 

will be a potential for serious accidents associated with TMM. In some instances, it is accepted 

that the hazards cannot be eliminated. There is also a thinking that the principal responsibility 

for health and safety and the way TMMs are operated rest with the management of that mine.   

Currently, legally appointed senior managers, appointed under section 2 (A), Section 3.1, 

regulation 2.13.1 of the Mine Health and Safety Act (Act 29 of 1996) as amended and others, 

are ultimately responsible for ensuring the health and safety of all employees at a mine. They 

are therefore ultimately responsible for ensuring the reduction of accidents and injuries 

associated with trackless mobile machines. The engineer, appointed in terms of section 2.13.1 

of the Mine Health and Safety Act, and his engineering team are viewed as the custodians of 

the mandatory and voluntary Codes of Practice relating to trackless mobile machines. 

Given the current widespread acceptance that human error is a common cause of failure in 

accident patterns, it is clearly a logical step to try and understand such errors within a 

framework that provides an effective route to error and therefore accident reduction. 

However, the phrase ‘human error’ covers an extremely wide range of circumstances and 
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behaviours, including conducting inadequate and ineffective hazard identification and risk 

assessments, over-speeding, disobeying traffic rules, unsafe practices, fatigue etc. 

1.6        Research aims 

The aim of the study serves as a reference point by which the relevance of each objective will 

be measured (Joubert and Ehrlich, 1997:60). 

Considering the number of accidents and injuries associated with the use and operation of 

trackless mobile machines, the study aims to objectively: 

• determine the causes of accidents and injuries associated with trackless mobile 

machines in the open-cast/surface mines of the Northern Cape Province, South Africa. 

• explore how the accidents associated with trackless mobile machines can be 

prevented and reduced in the open-cast/surface mines of the Northern Cape Province, 

South Africa. 

1.7 Setting research objectives  

Objectives indicate the specific information the study must yield and the detailed research 

question that must be answered (Joubert and Ehrlich, 1997: 62). 

The primary objectives of this research are as follows: 

• To identify the basic, direct and indirect causes of accidents and injuries associated 

with trackless mobile machines in the open-cast/surface mines of the Northern Cape 

Province, South Africa. 

• To determine the overall systemic causes of the accidents and injuries associated with 

trackless mobile machines in open-cast mines of the Northern Cape Province, South 

Africa. 

•  To find and recommend methods to reduce accidents and injuries associated with 

trackless mobile machines. 

The secondary objective/s of this research are as follows: 

• To increase hazard awareness and enable mine management to select and prioritise 

problem areas and identify safety systems’ weaknesses relating to trackless mobile 

machines. 

The following aspects relating to the operation of trackless mobile machines are systematically 

dealt with to ensure the research objectives are realised: 

• Legislative requirements 

o Adequacy of legislation, i.e. Mine Health and Safety Act. 



P a g e  | 8 
 
 

o Management ability to implement the requirements of the MHSA. 

o Powers and rights of TMM operators and other employees to deal with dangerous 

situations and occurrences. 

o Participation of TMM operators and other employees on health and safety related 

matters. 

o Competency of managers, supervisors and employees to comply with the sections 

of the Act relevant to TMMs. 

o Clear roles and responsibilities of supervisors responsible for TMMs in terms of 

the Act. 

 

• Health and Safety Management System 

Companies should have a systematic approach to dealing with health and safety challenges 

by developing and implementing effective health and safety management systems such as 

OHSAS 18001. 

o Codes of Practice, Standard Operating Procedures and Policies 

Section 9 of the Mine Health and Safety Act (South Africa, 1996) requires employers to 

develop Codes of Practices (COP) to protect the health and safety of employees. A mandatory 

COP on trackless mobile machines and other related COPs with guidelines from the Chief 

Inspector of Mines should be developed and implemented by mine owners or employers. 

• Competence and Training 

       The ability of mine managers, supervisors, trackless mobile machine operators and 

other mine employees who are directly affected by TMMs to identify hazards, assess 

and manage the risks associated with TMMs is assessed.  

• Mine Planning and Design 

Mine haul roads’ design for the type of trackless mobile machine used is assessed and 

analysed. 

• Maintenance of TMMs 

Maintenance of TMMs as per Original Equipment Manufacturers (OEM) technical 

specifications is assessed. 

• Utilisation of TMMs 

Utilisation of TMMs as per Original Equipment Manufacturers’ technical specifications is 

assessed. 
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• Ergonomics 

The impact of man, machine and environment interface on accidents and injuries associated 

with trackless mobile machines are assessed. 

• Fatigue Management 

The impact of shift work and 12-hour working shifts on driver alertness is thoroughly assessed 

and analysed. 

• Leadership and Culture Transformation 

The impact of leadership and culture transformation on health and safety in the workplace is 

assessed and analysed. 

• Behavioural Issues 

The attitude of management and employees towards health and safety standards in the 

workplace, and unsafe acts by managers, supervisors and employees will be considered. 

• Hazards and Risks related to Trackless Mobile Machines 

 

Hazards and risks leading to accidents and injuries associated with Trackless Mobile 

Machines are investigated, assessed and analysed. 

1.8  Limitations and delimitations and of the study 

According to Hussey & Hussey (1997), limitations identify weaknesses in the research, while 

delimitations explain how the scope of the study was focussed on only one particular area or 

entity as opposed to a wider and more holistic approach. 

 

The following limitations apply to this study: 

 

• Availability of resources and time. 

• Access to participants, more especially small-scale miners. 

 

The following delimitations apply to this study: 

• The study focused on Northern Cape Province open-cast mines, though it will have an 

impact on all mines in the country and globally. 

• The selected sample only include people who are directly affected and exposed to 

hazards and risks associated with trackless mobile machines. 
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• Accident statistics and other data collected from DMR were for a period of five years, 

that is, January 2009 to December 2013. 

Probability and purposive sampling will be conducted to save available resources and time. All 

people exposed to hazards and risks associated with TMM will have a chance to be randomly 

selected for this study, though this is not strictly a random sampling technique. 

1.9 Setting a research question 

The research question specifies what intrigues the researcher and what he/she will study. It 

becomes a beacon that will guide the researcher over the entire period of the research as 

he/she strives to find answers (Maree, 2012: 3). 

Statistical analyses by Northern Cape Region, Mine Health and Safety Inspectorate (MHSI) 

indicate that trackless mobile machines’ accidents remain to be the highest incidence of 

accidents reported in the region. In terms of the DMR regional accidents records, sixty-eight 

(68) TMM accidents were reported to the DMR Northern Cape Mine Health and Safety 

Inspectorate regional office through SAMRASS in the year 2013 as compared to ninety-eight 

(98) in the year 2014, which is a 69.4% increase. These statistics indicate that transport and 

tramming operations on mines are an area of considerable risk within the Northern Cape 

Province mining industry.  

Considering the need to prevent and reduce accidents and injuries associated with trackless 

mobile machines, the study will be guided by these research questions by considering the 

following aspects (Maree, 2012): 

• What are the causes of accidents and injuries associated with trackless mobile 

machines in the open-cast mines of the Northern Cape Province, South Africa? 

• How can accidents associated with trackless mobile machines be prevented and 

reduced in the open-cast/surface mines of the Northern Cape Province, South Africa? 

1.10      Epistemological perspective 

Epistemology is basically the relationship between the knower and the known. It is about what 

is known as knowledge or what theory is existing and documented.  

The researcher assumed a positivist stance, because knowledge regarding accidents and 

injuries associated with trackles mobile machines is seen as real and objective, capable of 

being transmitted in tangible form. An observer role was adopted, thus allowing the use of 

methods of natural science (Maree,2012). 

1.11        Theory development 

A literature review was conducted to understand the theory available on causes of accidents 

and injuries associated with TMM. Both local and international literature on the subject 
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matter was considered to gain a global view. A deductive approach is considered owing to the 

research method used in this study, that is done according to a quantitative method. 

According to Aqil Burney (2008), the concept of deductive and objective reasoning is usually 

associated with a quantitative research method. The theory will be tested (hypothesis) and 

confirmed through the results and ultimately generalised (Aqil Burney, 2008). 

1.12        Paradigmatic assumptions and perspective 

1.12.1       Positivist paradigm 

A paradigm is a set of assumptions or beliefs about fundamental aspects of reality which give 

rise to a particular world view. It addresses fundamental assumptions taken on faith, such as 

beliefs about the nature of reality (Maree, 2012:47). 

This study follows a positivist paradigm with a quantitative approach, to enquire about the 

causes of accidents and injuries associated with trackless mobile machines in the open-

cast/surface mines of the Northern Cape Province, South Africa. A positivist approach was 

followed due to the use of questionnaires to objectively obtain an accurate quantitative data 

(Maree, 2012).  

To answer questions about relationships among measured variables with the purpose of 

explaining and controlling a phenomenon, quantitative research is generally used. This 

approach is sometimes called a positivist approach. The researcher also chose this method 

and approach because it allows him to objectively measure the variables of interest. It further 

assisted the researcher to remain detached from the participants so that unbiased conclusions 

could be drawn (Leedy & Ormrod, 2005). In positivism, to be seriously considered, the 

explanation must meet two conditions, that is no “logical contradictions” and consistency with 

the observed facts (Neuman, 1997).  

It is assumed that a sample will most probably represent the view of a much larger population 

than that from which the sample is selected. Another assumption is that all respondents will 

view the same events in more or less the same way. 

The researcher also approached this study with the following assumptions about the 

participants: 

• Participants will respond positively to the invitation to participate in the study. 

• Participants will willingly complete questionnaires and return them as anticipated. 

• Participants will objectively and honestly complete the questionnaires. 
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1.13 Research methodology 

          

1.13.1 The research approach  

The research followed a quantitative research method to explore and describe the causes of 

accidents associated with trackless mobile machines. According to Maree (2012:145), 

“Quantitative research is a process that is systematic and objective in its ways of using 

numerical data from only a selected subgroup of a universe (population) to generalise the 

findings to the universe that is being studied”. Objectivity, numerical data and generalisability 

are the three most important elements in a quantitative research method (Maree, 2012). 

In every quantitative research, data must be collected from some units. These units are called 

the sampling units or the units of analysis. These units of analysis can be people, households, 

businesses and countries. The unit of analysis for this study is the Northern Cape Province 

(open-cast/surface mines) (Maree, 2012). 

1.13.2 Research design  

 According to Joubert & Ehrlich (1997), study design refers to the structured approach 

followed by the researcher to answer a particular question. The choice of study design is 

determined largely by the questions posed and the objectives of the research. The choice of 

study design will also determine how the researcher samples the population, collects 

measurements and analyses data (Joubert & Ehrlich, 1997: 77). According to Maree (2012: 

33), “a research design is used to describe the procedure for conducting a study, and its 

purpose is to help find appropriate answers to research question. Bless & Higson-Smith (1995: 

46) define the research design as “the plan how to proceed in determining the nature of the 

relationship between variables”. This study follows a quantitative methodological approach 

by conducting a   quantitative, descriptive survey design in the form of a Linkert-type 5 scale 

questionnaire. The purpose of a survey design is to generalise from a sample to a population 

so that inferences can be made about some behaviour and characteristics of the population 

(Maree, 2012). 

The researcher embarked on a study which was preceded by a literature review to evaluate 

the current critical analysis and body of knowledge about the chosen topic.  The researcher 

opted for a case study research, applying a descriptive statistical analysis method (Joubert & 

Ehrlich, 1997).  A unit of analysis is a critical factor in a case study research. The researcher 

opted to use the Northern Cape Province as the unit of analysis, a factor that is significant in 

case study design. The researcher focused on the province with the intention of 

generalisation, not of individual mines and people (Maree, 2012). 
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According to Maree (2012), the term descriptive statistics is a collective name for several 

statistical methods that are used to organise and summarise data in a meaningful way. This 

serves to enhance the understanding of the properties of data. Quantitative data can be 

analysed by using this method. 

The term “case” study has multiple meanings. Bromley (1990: 302) defines a case study 

research as a systematic inquiry into an event or a set of related events which aim to describe 

and explain a phenomenon of interest. Yin (1984) as mentioned by O’Toole (2012) defines the 

case study research method as an empirical inquiry that investigates a contemporary 

phenomenon within its real life context when the boundaries between phenomenon and 

context are not clearly evident and in which multiple sources of evidence are used. A case 

study gives a holistic or comprehensive understanding of how the participants relate and 

interact with each other in a specific situation and how they make meaning of a phenomenon 

under study. 

According to Maree (2012:76), a key strength of case study method is the use of multiple 

sources and techniques in the data gathering process.  The researcher can determine in 

advance what evidence to gather and what analysis techniques to use with the data to answer 

the research question. According to Yin (1994) as stated by O’Toole (2012), the researcher 

gathered data that is quantitative. Tools to collect for this study were structured 

questionnaires as mentioned by O’Toole (2012). Case study research is aimed at gaining 

greater insight and understanding of the dynamics of a specific situation, hence the researcher 

opted for this method, the situation being circumstances that lead to accidents associated 

with trackless mobile machines in open-cast mines of the Northern Cape Province.  

1.13.3 Research population and sampling 

1.13.3.1 Population 

When conducting a study, it is important to clearly define the group that one wants to gather 

data and generate information from to be able to draw conclusions. This group, called the 

study (target) population, should be clearly defined in respect of person, place and time, as 

well as other relevant factors to the study (Joubert & Ehrlich, 1997: 94). Neuman (1997) as 

indicated by Cock (2008), defines a target population as a specific pool of cases that a 

researcher wants to study. The target population for this study can be defined as open-

cast/surface mines, employees of all ages and races who are directly affected and exposed to 

hazards and risks associated with trackless mobile machines in  the Northern Cape Province, 

at the time of the study. 

According to the researcher, a list of employees who are directly affected and exposed to 

hazards and risks associated with trackless mobile machines include but is not limited to the 

following: 
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1. Mine Managers (Section 3.1 and 2.6.1 Appointees in terms of the MHSA) 

2. Mine Engineers (2.13.1 Appointee) 

3. Supervisors and Assistants (Section 2.9.2 Appointees) 

4. Artisans (such as Boilermakers, Electricians, Diesel Mechanics) 

5. Safety, Health, Environment and Quality officials (e.g. Safety Officers, Training 

Specialists, Occupational Hygienists) 

6. Trackless Mobile Machine Operators 

7. Mine Health and Safety Inspectors 

8. Technical Department officials (such as Surveyors, Geologists, Rock Engineers) 

1.13.3.2 Sampling 

Bless and Higson-Smith (1999: 86) as mentioned by Cock (2008) highlight that sampling is the 

study of the relationship between a population and the sample drawn from it. According to 

Maree (2012: 79), “sampling refers to the process used to select a portion of the population 

for the study”. Quantitative data often involve random sampling, so that each individual has 

an equal probability of being selected and the sample can be generalised to the larger 

population. The researcher chose the probability and purposive sampling approaches. The 

sample size may or may not be fixed prior to data collection, and very often depends on the 

resources and time available to the researcher (Maree, 2012: 79).  The researcher decided at 

the design stage of the study, the typical characteristics of the participants to be included and 

the number of participants, owing to available resources and time (more than 100). A sample 

for this study will be drawn from the above mentioned population. 

1.13.3.3 Sample size 

When it comes to sampling, a very important consideration is the size of the sample (Maree, 

2012:178). Larger samples will represent the population better than smaller samples and their 

findings will subsequently be more accurate. Practical considerations like time and cost were 

taken into account by the researcher when deciding sample size. The following factors 

determining the sample size were considered: statistical analyses, accuracy of results and 

characteristics of the population. More than 100 respondents from different surface mines in 

the Northern Cape Province participated in this study in line with the requirements of the 

statistical analysis method used in the research and according to resources available. 

The researcher is dealing with a large study population. According to DMR in the minerals 

economics statistics report for the year 2013, Northern Cape Province had a total number of 

37711 mining employees for underground, open-cast/surface and offshore mines. No specific 

data is available for open-cast or underground mines. According to DMR’s mineral economics 

data, about eight underground mines are operating in the province as compared to more than 

100 operating open-cast/surface mines. Therefore, the researcher assumed that open-cast 

mines employ more employees than underground mines. A sample of more than 20 mines 
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was used for this particular study. However, the help of the Statistical Department at the 

University of North West (Potchefstroom campus) was also sought to calculate a formula-

based sample size as required. 

1.13.4 Methods of data collection and instruments 

Bless and Higson-Smith (1999: 107) as mentioned by Cock (2008) state that there are different 

ways of getting data from participants; one of these ways is through questionnaires. The 

researcher relied on the assistance and guidance of the Statistical Department at the 

University of North West (Potchefstroom campus) during the design of the questionnaire 

(Maree, 2012). Self-administered questionnaires were developed electronically and hand 

delivered to participants to allow the participants to fill in the questionnaires themselves, in 

their own time. However, the researcher opted to personally deliver questionnaires to most 

of the small-scale miners and assist in case clarity was needed without influencing the 

completion of the questionnaire. The researcher was also on standby to assist with any 

problems that might arise (Joubert & Ehrlich, 1997: 106-107). Information presented to the 

mines by DMR Mine Health and Safety Inspectorate on causes of accidents and injuries 

associated with trackless mobile machines was used to enrich the study. 

Quantitative or numerical data were sourced from DMR to understand the extent of the 

problem and not for analysis, based on the following subjects: 

• All safety statistics from the DMR Mine Health and Safety Report, provincially (January 

2009-December 2013). 

• Accidents and injuries associated with TMM, provincially (January 2009-December 

2013). 

1.13.5 Method of data analysis 

The data analysis must be appropriate to the research design and approach, and the text and 

narrative data must be guided by the specific type of analysis that the researcher will follow 

(Maree, 2012: 100).  De Vos (2002: 341) as stated by Cock (2008) reveals that data collection 

and data analysis can be seen as inseparable. A data analysis method compatible to the 

research method (case study) was used to achieve the objectives of the research. Data 

gathered were analysed and arguments were made based on the analysed data and 

information (Maree, 2012: 152). 

Descriptive statistics in analysing quantitative data and generating information was found to 

be suitable for this study (Mouton, 2002: 38-39). Descriptive statistics is a collective name for 

a number of statistical methods that are used to organise and summarise data in a meaningful 

way. This serves to enhance the understanding of the properties of the data (Maree, 2012: 

183).  The researcher was assisted by the statistical department of the University of North 

West (Potchefstroom) to capture raw data within the computer system for analysis. 
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The mean and standard deviation (SD) for each variable was calculated, including the 

frequency distribution, as measured on a Linkert scale (strongly disagree, disagree, neither 

agree or disagree, agree and strongly agree). 

The mean is the most commonly used measure of location and is calculated as the arithmetic 

average of all the data values.  Statistical mean refers to the average that is used to derive 

central tendency of the data. The following formula is used to calculate the mean:  

µ= total of all value/number of values 

 

 (Croucher, 2003) 

= mean of the values 

X = each value in the population 

n = number of values 

Standard Deviation is a measure expressing how much the members of a group differ from 

the mean value of the group. It is also a measure that is used to quantify the amount of 

variation.  

Standard deviation means that values in a data set are close to the mean of the data set, on 

average, and a large standard deviation indicates that the values in the data set are further 

away from the mean, on average.   The following formula is used to calculate standard 

deviation: 

(Croucher, 2003) 

Factor analysis and reliability on questionnaires was conducted. 

The Cronbach alpha was also calculated to determine correlation of factors. 

1.13.6 Reliability and validity of data 

Reliability is the extent to which a measuring instrument is repeatable and consistent (Maree, 

2012: 215). There are a number of different types of reliability. They are test-retest reliability, 

equivalent form reliability, split half reliability and internal reliability. Due to time and financial 
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constraints, internal reliability, which is also known as internal consistency was considered. 

Therefore, when a number of items are formulated to measure a certain construct, there 

should be a high degree of similarity among them since they are supposed to measure one 

common construct. A measure of this degree of similarity is an indication of the internal 

reliability of an instrument. In case of uncertainty, test-retest reliability was also applied, 

which means the questionnaire was issued to the same subject on two or more occasions. 

The validity of an instrument refers to the extent to which it measures what it is supposed to 

measure (Maree, 2012: 216). There are a number of different types of validity, namely: face 

validity, content validity, construct validity and criterion validity. Three types of validity, 

namely: face, construct and content were considered to ensure that the questionnaire or 

instrument measures what is supposed to be measured. The researcher shared the 

questionnaire with the statistician and experts (engineers, safety managers) in the field to 

scrutinise and comment on the questionnaire before it was finalized. 

Reliability and validity, specifically as far as research instruments are concerned, are crucial 

aspects in quantitative research (Maree, 2012: 80). Joubert and Ehrlich (1997: 116-120) point 

out that before analysis is performed, the data set must be carefully checked to identify any 

strange values and errors that might have occurred in the original source document, during 

data entry.  

The researcher was always available to assist small-scale miners to complete the 

questionnaires.  The services of a reputable organisation for document and data analyses were 

used to further enhance the credibility and trustworthiness of the research. 

1.14 Feasibility of the study 

The researcher is a manager at a mine in the Northern Cape Province and a member of the 

Northern Cape Mine Managers Association and Northern Cape Health and Safety Tripartite 

Committee. It was therefore relatively easy for the researcher to have access to target groups 

and obtain data and information required to conduct this research. One of the objectives of 

the above mentioned organisations is to improve health and safety conditions and ultimately 

reduce accidents and injuries associated with trackless mobile machines within the mining 

industry in the Northern Cape Province, and this research assisted them in achieving this 

objective. 

The researcher had developed a good relationship with unions and participants/target group 

during his tenure as Inspector of Mines in the Northern Cape Province. Therefore, it was easy 

for the researcher to obtain data from the target group. 

Pilot study participants and other participants were also from the mine where the researcher 

is employed. All these factors assisted in the successful completion of the research. 



P a g e  | 18 
 
 

1.15 Pilot study 

 Bless and Higson-Smith (1999) as mentioned by Cock (2008) state that pilot testing of the 

study provides the researcher with the opportunity to determine and uncover the difficulties 

that might be experienced by the final participants. The researcher piloted the study 

questionnaire with participants in the mine where he is working. These participants included 

a manager, engineer and trackless mobile machine operators and a SHEQ official who were 

included in the final study. The questions were clear and provided information needed to 

address the research question (Cock, 2008: 12). 

1.16 Significance of the study 

The study will contribute to the body of knowledge in the prevention of accidents and injuries 

associated with trackless mobile machines in the mining industry. Creamer (2010) as 

mentioned by O’Toole (2012) states that the South African Mining industry has set a target of 

reaching health and safety levels comparable with international levels by 2013. According to 

Creamer (2010), this target was not entirely achieved. Impact and effectiveness of risk 

assessment as a tool to prevent and reduce accidents associated with trackless mobile 

machines in a workplace will also be explored to assist managers to achieve their safety 

targets. Effective and adequate hazard identification and risk assessment will also assist 

managers to proactively deal with any situation with the potential of causing accidents. 

Employers, employees, policy developers and trade unions will gain a fair understanding 

regarding the implementation of section 11 of the Mine Health and Safety Act (South Africa, 

1996). They will also gain an understanding of the need to develop regulations and standards 

supporting section 11 of the Act. This study could further assist mine owners and managers to 

achieve the objectives of the Act which are to protect the health and safety of persons at a 

mine. It could promote a culture of health and safety, provide for effective monitoring of 

health and safety conditions at the mine, provide enforcement of health and safety measures 

at a mine, promote health and safety training and give effect to the public international law 

obligations of the Republic that concerns health and safety. 

The findings of this study could possibly be used by mines, more especially small-scale miners, 

to inform their selection criteria for supervisors and trackless mobile machines operators. 

Competency and training requirements for all persons involved in maintenance and 

operations of Trackless Mobile Machines could be proactively determined based on results/ 

findings and information contained in this report. 

Sustainable production must furthermore be achieved to generate returns for shareholders 

and ensure survival of the business for the benefit of all stakeholders. Accidents are very costly 

and result in disruption of production when people are injured and property/machines are 

damaged. The Department of Minerals Resources Mine Health and Safety Inspectorate halts 

operations when an employee/operator is injured and as a result productive work is stopped. 
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1.17  Ethical considerations 

Joubert & Ehrlich (1997: 30-34), state that the American Heritage Dictionary defines ethics as 

a theory or a system of moral values, or the rules and standards governing the conduct of a 

person or the members of a profession. Ethics can also be described as a set of moral principles 

which offer rules and behavioural expectations about the correct conduct towards 

participants (De Vos, Shrurink & Strydom, 1998: 25). 

The researcher adhered to the following ethical principles: confidentiality, privacy, justice and 

obtaining informed consent from research participants. 

1.17.1 Confidentiality and privacy 

According to Bless & Higson-Smith (1999) as stated by Cock (2008), it is important that 

participants are assured of confidentiality and anonymity, and that data will only be used for 

the purpose of the research. The researcher signed a form committing to confidentiality and 

took stringent steps to protect the confidentiality of the research participants (Joubert & 

Ehrlich, 1997: 36). Over and above that, no names and personal information of he research 

participants were required in the questionnaire.  

1.17.2 Informed consent 

The consent of participants should be obtained before the commencement of the study. The 

research participants were provided with all the information around the proposed research, 

and once they had indicated that they were willing to participate in the study, they were 

served with consent forms (Cock, 2008: 13). 

Joubert & Ehrlich ( 1997) stress that when individuals participate in a research, their informed 

consent should always be sought and preferably recorded in writing. Research participants 

were legally and mentally competent to participate in the proposed research. No individuals 

under the age of 16 participated in the study (Joubert & Ehrlich, 1997: 35). 

The researcher disclosed to research participants all the relevant information and knowledge 

about the proposed study, including its potential risks, benefits and social implications 

(Joubert & Ehrlich, 1997: 35). 

 

1.18 Definition of Key Concepts 

Harm: Human injury or illness, property or environmental damage, process loss or any   

combination of theses. 

Hazard Identification: The process of identifying potential events that may result in accidents. 

Occupational Injury: Physical harm to a person due to workplace exposure. 
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Risk Analysis:  A systematic use of available information to determine how often specified 

events may occur and the magnitude of their likely consequence. 

Risk Assessment: The overall process of risk identification, risk analysis and risk evaluation. 

Risk Characterisation: The estimation of the occurrence and severity of an accident from 

exposure to hazard. 

Risk Management: The culture, processes and structures that are directed towards realizing 

potential opportunities whilst managing adverse effects. 

Risk Rating: Grading risk in some priority to indicate the significance of the risk compared to 

other identified risks. 

Tolerable Risk: Risk which is accepted in a given context based on the current values of society. 

Risk Treatment: Selection and implementation of appropriate options for dealing with risk. 

 

1.19 Outline of the research chapters 

The research consists of five (5) chapters, including conclusion and list of references. The basic 

structure of the chapters is as follows: 

 

Table 1: Outline of the research chapters 

Chapter Description and Purpose 

Chapter 1 Introduction, Background, and Research Methodology: The introduction 

provides the reader with sufficient information on the field of study to allow 

for an appreciation of the research. This chapter places the research project 

in context with what is known. This chapter also addresses a range of issues 

concerning the perspective of the research topic. The researcher sets the 

scene by giving a broader literature informed view of the problem or 

arguments and its context. It also gives implications for the current/local 

situation or case study. Justification of the research case and how the 

research hopes to solve the problem is also discussed within the chapter. It 

further explains the research methodology that will be used by the 

researcher as well as   the philosophy behind each methodology, and justifies 

the selection of the best methodology which is most applicable to this 

research. 
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Chapter 2 Literature review: This chapter helps the researcher to evaluate the current 

critical analysis and body of knowledge about the chosen topic. This chapter 

will also help in questionnaire design, in order to constitute a logical thought 

process in evolving questions to test the constructs and debate the theory 

adequately. The sources for the literature review will be books, personal 

interviews, journals, dissertations, legislation and other documentation. 

Chapter 3 Results and discussions: This chapter furnishes an analysis and synthesis of 

the information/data obtained through research. It tests the constructs in 

relation to theory. Results will be interpreted in whatever appropriate form, 

and findings will also be thoroughly discussed. 

Chapter 4 Recommendations and framework: This chapter will discuss critical and key 

factors drawn from the study, make recommendations concerning what can 

be done to prevent accidents and injuries associated with trackless mobile 

machines in South African mines.  

Chapter 5 Summary and conclusion: This chapter will discuss the summary of the 

research and give a conclusion on the basis of the previous chapter’s analysis, 

results and recommendations. 
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Chapter 2: Literature Review 

2.1 Introduction 

In this chapter, the researcher evaluates the current critical analysis and body of knowledge 

about the chosen topic. A logical thought process was constituted in evolving questions to test 

the constructs and debate the theory adequately while designing the questionnaire. The 

sources for the literature review are books, personal interviews, journals, dissertations, 

legislation and other relevant documentation (Mashiane, 2009) The Mine Health and Safety 

Act, Act 29 of 1996, as amended, and other pieces of legislation which form part of the health 

and safety regulatory framework in the mining industry in South Africa are also explored and 

analysed as part of the literature review. 

The process of hazard identification and risk assessment including risk management 

approaches and requirements are explored to synthesize, critically examine and analyse 

various pieces of literature for this study. In particular, literature related to causes and 

prevention of accidents and injuries associated with Trackless Mobile Machines in South 

African Mines and globally, was critically examined to give both a global and a local perspective 

of health and safety challenges associated with TMM. Literature regarding hazards and risks 

leading to accidents and injuries associated with Trackless Mobile Machines within the mining 

industry locally and globally is explored and analysed. Other important factors contributing to 

accidents associated with TMM such as ergonomics, fatigue, safety leadership, organisational 

safety culture and behavioural issues are furthermore explored and discussed in detail.  

 

2.2 Background to the development of the Mine Health and Safety Act, Act 29 of 1996, as 

amended. 

Stewart (1995) as stated by O’Toole (2012), in analysing the role of legislation and regulation 

in safety and health in mines, concluded that some of the key factors in achieving safety in 

mines include the use of the safest mining methods (mine design and planning), employment 

of technology that is reasonably practicable, implementation of good work practices, and 

creating an attitude and approach in the mine manager and his staff that encourage safety. 

Zohar (2000) as mentioned by O’Toole (2012) further states that evidence for the existence of 

a relationship between managerial practices and injury rate suggests that this may be the 

missing link to further reduce injury rates beyond levels achieved by improved engineering 

and site monitoring. Jones (2006: 82-85) as mentioned by O’Toole (2012) supports these 

arguments stating that world class safety performance is achieved by reducing risk exposure 

in the workplace by a combination of culture, leadership, equipment, and systems to control 

the work processes. Krause (2005: 11) as mentioned by O’Toole (2012) further states that 

organisations that are successful at managing safety give attention to “designing and 
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influencing systems that reduce and eliminate exposure”. Krause (2005) as mentioned by 

O’Toole (2012) proposes organisational equipment, facilities, and procedures to improve 

health and safety performance.  

Based on the above mentioned arguments, the regulatory framework for health and safety 

should be continuously reviewed to address health and safety challenges in the South African 

mining industry. Some of the reviews came about due to commissions of inquiries that were 

established to inquire into the state of health and safety in the mining industry and 

catastrophic events that took place in the mining industry. Some of the known commissions 

whithin the mining industry in South Africa were the Krauze Commission of 1907, Mining 

Regulation Commission of 1925, and Marais Commission of 1960, which were established 

after 437 mine employees were fatally injured in the Coalbrook Colliery disaster. Most of the 

previous commissions took place under extremely difficult conditions because of apartheid 

laws restrictions, with the result that their recommendations were not fully implemented. The 

only commission that was established under a conducive environment for change was the 

Leon Commission (Stanton , 2003). 

The Leon Commission, chaired by Judge Ramon Nigel Leon, was established on 28 May 1993 

by the then Minister of Department of Minerals and Energy Affairs to inquire into safety and 

health in the mining industry. After hearing evidence from the representatives of employers, 

employees and the state, the Commissioners concluded that self-regulation of occupational 

health and safety in the mining industry had failed (Stanton, 2003). 

After the Leon Commission, the Mine Health and Safety Act (MHSA), Act 29 of 1996, as 

amended, which has been in effect since 15 January 1997, became the legal basis for 

regulating occupational health and safety (OHS) in South African mines. It also resulted in an 

extensive process of policy review originating from the findings and recommendations of the 

Leon Commission of Inquiry into health and safety in the mines. The commission further 

concurred with the view that the accident record of the industry was ‘appalling’ and found 

that the scale of death, injury and disease was such that remedial action had to be taken 

urgently (Stanton, 2003).  

This new Legislation, The Mine Health and Safety Act, sought to modernise occupational 

health and safety practice in the mining industry, and introduced a number of notable 

innovations.  Among these were the introduction of the following sections of the Act: 

• Section 5(2) (a): As far as reasonably practicable, every employer must provide and 

maintain a working environment that is safe and without risk to the health of 

employees (Mine Health and Safety Act, No. 29 1996, 1996: s5). 

• Section 6: Every employer must supply all necessary health and safety equipment and 

health and safety facilities to each employee; and maintain, as far as reasonably 
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practicable, all equipment and facilities in a serviceable state and under hygienic 

conditions (Mine Health and Safety Act, No. 29 of 1996, 1996: s6). 

• Section 7(1)(e): As far as reasonably practicable, every employer must ensure that 

work is performed under the general supervision of a person trained to understand 

the hazards associated with the work and who has the authority to ensure that the 

precautionary measures laid down by the employer are implemented. (Mine Health 

and Safety Act, No.29 of 1996, 1996: s7).  

• Section (7) (2): The employer may appoint any person with qualifications as may be 

prescribed to perform any function of the employer in terms of this Act. (Mine Health 

and Safety Act, Act No.29 of 1996, 1996: s7). 

• Section 8: Every employer must establish a health and safety policy which is a 

document that describes the organisation of work, establishing a policy concerning the 

protection of employees’ health and safety at work. (Mine Health and Safety Act, No. 

29of 1996, 1996: s8). 

• Section 9(1): Any employer may prepare and implement a code of practice on any 

matter affecting the health and safety of employees and any other persons who may 

be directly affected by activities at the mine. (Mine Health and safety Act, No. 29 of 

1996, 1996: s9). 

• Section 9(2): An employer must prepare and implement a code of practice on any 

matter affecting the health and safety of employees and any other person who may 

be directly affected by activities at the mine if the Chief Inspector of Mines requires it. 

(Mine Health and Safety Act, No. 29 of 1996, 1996: s9). A guideline on the compilation 

of the mandatory Code of Practice on Trackless Mobile Machines was developed by 

the Department of Mineral Resources to reduce accidents and incidents associated 

with Trackless Mobile Machines (Mine Health and Safety Council,2015) Other related 

guidelines to compile mandatory codes of practices are: 

 

1. Minimum Standard of Fitness to Perform Work at a Mine (Department of Mineral 

Resources (DMR, 2011). 

2. Occupational Health Program on Thermal Stress (Department of Mineral Resources 

(DMR, 2011). 

3. Occupational Health Program for Personal Exposure to Airborne Pollutants 

(Department of Mineral Resources(DMR), 2011). 

4. Occupational Health Program for Noise (Department of Mineral Resources,2011). 

5. Combat rock fall and slope instability related accidents in surface mines 

(Department of Mineral Resources(DMR), 2011) 

6.  Risk Based Fatigue Management (South African Government (SA Gov), 2017) 

7. Personal Protective Equipment for Woman in for Women in the South African 

Mining Industry (Mine Health and Safety Council(MHSA), 2015) 
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• Section 10: The employer must provide risk based health and safety training to ensure 

that employees are trained to perform their duties in a safe manner. (Mine Health and 

Safety Act, No. 29 of 1996, 1996: s10). 

• Section 11, 12 and 13: The employer must assess the risks to health and safety to which 

the employees may be exposed while they are at work and record significant hazards 

identified and risks assessed. Hazards identified and risks assessed must be periodically 

reviewed, including the results of occupational hygiene measurements and medical 

surveillance to determine whether further elimination, control and minimisation of 

risk is possible. (Mine Health and Safety Act, No. 29 of 1996, 1996: s11,12 &13). 

• Section 21: Any person who designs, manufactures, repairs, imports or supplies any 

article for use at a mine must ensure, as far as reasonably practicable that the article 

is safe and without risk to health and safety when used properly and that it complies 

with all requirements in terms of this Act. (Mine Health and Safety Act, No.29 of 1996, 

1996: s21). 

• Section 22: Every employee at a mine, while at that mine, must take reasonable care 

to protect their health and safety and that of any other person on the mine. Employees 

have a responsibility to take care of the personal protective clothing and equipment 

provided to protect their health and safety, and to follow any prescribed health and 

safety measures. (Mine Health and Safety Act, No 29 of 1996, 1996: s22). 

•  Section 23: The employee has the right to leave any working place whenever a 

circumstance arises at that working place which, with reasonable justification, appears 

to that employee to pose a serious danger to the health or safety of that employee, or 

the health and safety representative responsible for that working place directs the 

employee to leave that working place. (Mine Health and Safety Act, No 29 0f 1996, 

1996: s23). 

• Section25, 26: Every mine which has more than 20 employees, must appoint a health 

and safety representative for each shift in each designated working place at the mine, 

and appoint a health and safety committee for 100 employees or more to represent 

employees on health and safety matters in a working place. Recognised Registered 

Trade Unions must be contacted in all matters pertaining to the functioning of health 

and safety representatives and committees. (Mine Health and Safety Act, Act 29 of 

1996, 1996: s25 & 26). 

• Section 41 and 42: A Mine Health and Safety Council is established to advise the mine 

on health and safety matters at mines. This council consists of five members 

representing employers, five members representing employees (Unions), four 

members representing departments of state, with the Chief Inspector of Mines as the 

chairperson of the Council (Mine Health and Safety Act, No.29 of 1996: s41&42). 

• Section 49: The Inspectorate of mine health and safety was established and the 

minister appointed a person with suitable mining qualifications and appropriate health 

and safety experience as Chief Inspector of Mines. The Chief Inspector of Mines must 
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appoint officers with relevant and prescribed qualifications as well as a medical and a 

mine inspector (Mine Health and Safety Act, No.29 of 1996, 1996: s49). 

• Section 50 and 54(1): Inspectors are given powers to monitor and enforce the 

requirements of the Mine health and safety Act, including the power to halt a mine or 

part of a mine in case he /she has reason to believe that any occurrence, practice or 

condition at a mine endangers or may endanger the health and safety of any person 

at a mine (Mine Health and safety Act, No 29 of 1996, 1996: s50 & 54.1). 

• Section 55: If an inspector has reason to believe that an employer has failed to comply 

with any provision of the Act, the inspector may instruct that employer in writing to 

take any steps that the inspector considers necessary to comply with the provision, 

and specified instructions. (Mine Health and Safety Act, No.29 of 1996, 1996: s55). 

• Section 88: Any person who hinders, opposes, obstructs or unduly influences any 

person who is performing a function in terms of this Act commits an offence. (Mine 

Health and Safety Act, No.29 of 1996, 1996: s88). 

Without undermining the importance of other sections of the Act, Hazard identification and 

risk assessment is key to preventing and reducing accidents and injuries associated with 

Trackless Mobile Machines within the mining industry in South Africa. Section 11 of the Mine 

Health and Safety Act, act no 29 of 1996 as amended, requires an employer to conduct hazard 

identification and risk assessment, and put measures in place to deal with identified hazards 

and risks assessed. Therefore, adequate and effective hazard identification and risk 

assessment (HIRA) is critical to ensure compliance with all the above mentioned requirements 

of the Mine Health and Safety Act (MHSA). The adequacy and effectiveness of HIRA will 

determine the measures to be put in place to prevent and reduce incidents associated with 

Trackless Mobile Machines (TMM). However, the employer may implement such measures as 

far as reasonably practicable to that specific employer. This has created a lot of subjectivity in 

terms of conducting HIRA, recording and controlling of hazards identified and risks assessed. 

In terms of section 102 of the Mine Health and Safety Act, Act 29 of 1996, as amended, 

Reasonably Practicable, constitutes having regard to: 

a) The severity and scope of the hazard or risk concerned; 

b) The state of knowledge reasonably available concerning that hazard or risk and/or any 

means of removing or mitigating that hazard or risk; 

c) The availability and suitability of means to remove or mitigate that hazard or risk; and the 

cost and the benefits of removing or mitigating that hazard or risk (Mine Health and Safety 

Act, No 29 of 1996, 1996: s102). 

However, the South African Tripartite Guidelines and UK Regulations use the terms ‘suitable 

and sufficient’ for the level of hazard identification, stating that ‘the level of detail in a risk 
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assessment should be broadly proportionate to the risk’. Within the mining industry there is 

a wealth of control measures that have been introduced over the years as the industry 

developed. It is fair to say that if all these measures were effective, then there would be far 

fewer accidents than there are at present. In a risk assessment, when identifying what control 

measures are currently in place, it is vital to review the effectiveness of each control measure, 

to identify any shortcomings and to assess how effective it is in practice. If shortcomings are 

identified, it is necessary to determine why they occur. For example, if personal protective 

equipment (PPE) is identified as a current control measure but is infrequently worn, then its 

reliability as a control measure must be questioned. It is not sufficient to try to solve the 

problem by recommending ‘enforce the use of PPE’. It is necessary to determine why the PPE 

is not worn and often this root cause then provides the route to an effective solution. This is 

analogous to many accident investigations.  

 

According to the researcher, the severity and scope of the hazard and risk will also depend on 

the competency of the people carrying out hazard identification and risk assessment, more 

especially issue based risk assessment. According to regulation 2.13.1, enforced in terms of 

schedule 4 of the Mine Health and Safety Act, at any mine or workplace where the designed 

rating of machinery used in the generation of power, together with the power supplied from 

outside sources, exceeded the equivalent of 2 500 kilowatts, all such machinery shall be under 

the general charge of an engineer appointed in writing by the manager (Mine Health and 

Safety Act, No 29 of 1996, 1996: r2.13.1). In case the total power generated does not exceed 

2 500 kilowatts, all machinery shall be under the charge of a competent person or persons, 

who shall be appointed by the manager. (Mine Health and Safety Act, No.29 of 1996, 1996: 

r2.13.2). 

 Engineers’ minimum prescribed qualification is the Government Certificate of competency 

for mechanical or electrical engineers issued by The Department of Mineral Resources (Mine 

Health and Safety Act, Act 29 of 1996, 1996: r2.13.3.2). There are no minimum prescribed 

qualifications for a competent person to be in charge of machinery, which is an area that needs 

to be explored and regulated. The Engineer is more knowledgeable and trained than a 

competent person. It is therefore the researcher’s opinion that the engineer will better carry 

out adequate and effective HIRA, and more especially issue based risk assessment, than a 

competent person, considering the requirements of a mandatory COP on Trackless Mobile 

Machines (Annexure A). 

To determine the severity of a hazard or risk concerned, a risk rating matrix is used. Risk rating 

or characterisation is a process for estimating the incidence and severity of adverse health and 

safety effects likely to occur due to actual and predicted exposures to workplace hazards 

(Guild et al., 2001:74). It is the final product of the risk assessment process that can be used 

by a risk manager to develop and prioritise control strategies and to communicate risks. 

Different risk rating matrices are in use. The question is which of these matrices is scientifically 
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proven to give accurate and reliable results when correctly applied (Guild et al., 2001:74). It is 

the researcher’s opinion that the accuracy and reliability of a risk matrix still depends on the 

competency of the person using it and the types of hazards identified or the risk concerned.  

The state of knowledge reasonably available concerning a specific hazard or risk and or any 

means of removing or mitigating that hazard or risk; as well as the availability and 

sustainability of means to remove or mitigate that hazard and risk, also play a critical role in 

determining the reasonableness and practicality in mitigating hazards and risks. Does it mean 

that the hazard can remain and employees be exposed as long as the employer can prove that 

he could not remove the hazard or mitigate it due to the lack of knowledge, availability and 

sustainability of means to remove and mitigate the hazard including the cost as compared to 

the benefits of means to mitigate that hazard or risk? How many employers are correctly using 

risk control matrices to ensure that hazard and risk control measures are relevant and 

adequate? 

MD-Nor, Kecojevic,, Komljenovic & Groves (2008) state that risk acceptance involves creating 

standards for deciding what risks are acceptable for miners, companies and society. Md-Nor 

et al., (2008) further argue that setting a standard is a complicated task as an acceptable level 

of risk may differ for each group. In the underground Coal Mine Commission report (Grayson 

et al., 2006), it was proposed that the only acceptable levels were zero fatalities and zero 

serious injuries. Md-Nor et al., (2008) also argues that it is appropriate that those levels be 

applied for the mining industry as a whole. 

2.3 Hazard Identification and Risk Assessment Process: Global and South African Approach 

According to Haimes (2004), Brauer (2006) and various internationally recognised standards 

(Canadian Standards Association, 2002; Standard Australia/Standard New Zealand, 2004) as 

mentioned by Md-Nor et al., (2008), the risk assessment process involves three steps: 1) risk 

identification, 2) risk analysis, 3) risk evaluation. According to Kate and Kaperson (1983) as 

mentioned by MD-Nor et al., (2008), risk is a hazard measurement, taking into consideration 

its likelihood and consequences. In terms of section 102 of the Mine Health and Safety Act 

(MHSA), Act 29 of 1996, as amended, risk means the likelihood that occupational injury or 

harm to persons will occur (Mine Health and Safety Act, No 29 of 1996, 1996: s102). In this 

study, risk is defined according to the MHSA’s definition. 

According to MD-Nor et al., (2008), the first step of risk assessment consists of identifying the 

situations that have the potential to cause a fatality or injury, i.e., identifying hazards 

associated with Trackless Mobile Machines. Hazard is defined as something with a potential 

to cause harm (Canadian Standards Association, 2002; Standard Australia/Standard New 

Zealand; 2004). Heinrich (1959) as cited by Md-Nor et al., 2008) define hazard as immediate 

cause or symptom of an accident. According to the National Research Council (1982) as 

mentioned by Md-Nor et al., (2008), a hazard is an unsafe situation in mines. This definition 
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was further developed by Ramani (1992) as mentioned by Md-Nor et al., (2008) to include 

unsafe acts.  In terms of section 102 of the Mine Health and Safety Act (MHSA), Act 29 of 1996, 

as amended, hazard is defined as a source of or exposure to danger. For the purpose of this 

study, hazard is defined as a source of or exposure to danger (Mine Health and Safety Act, No. 

29 of 1996, 1996: s102). Unsafe acts are also sources of danger or may lead to exposure to 

danger, as per Ramani ‘s definition. It is vitally important to understand the concepts of hazard 

and risk because they are the fundamentals of hazard identification and risk assessment 

processes. 

Guild, Johnston, & Ross (2001) state that the Risk Assessment Process (figure 2.1) also ensures 

that factors influencing health and safety are fully understood and adequately quantified so 

that decisions are taken in a consistent and cost effective manner. Guild et al., (2001:66) 

further state that this process framework incorporates the risk assessment tools such as: 

• Hazard Identification - the nature and effect of the hazard can be deduced by 

identifying equipment failures and errors that could, or are, occurring within the 

mining environment and engineering processes relating to trackless mobile machines 

(Guild et al., 2001:66). 

• Dose response assessment - toxicological and epidemiological studies provide the 

basis for determining and predicting health effects associated with operating trackless 

mobile machines at a specific dose (Guild et al., 2001: 66). Dose-response assessment 

means the basis for determining or predicting health effects of a substance or exposure 

to a specific dose. 

• Exposure assessment - The presence of a hazard does not imply that an individual has 

been exposed since exposure is dependent on the type of contact with the worker 

(Guild et al., 2001:66) 

• Risk characterisation - The estimation of the incidence rate and severity of the adverse 

health effect likely to occur due to the actual or predicted exposure to the workplace 

hazard can be used to develop control strategies and communicate risks present in the 

workplace to workers (Guild et al., 2001: 66). 

Guild et al., (2001:66) also mentioned that the process framework (figure 2.1) and tools are 

used to elaborate the structured and systematic process for the identification of hazards, 

evaluation of risks and prioritisation of decisions in order to reduce risk to a tolerable level. 

This process is iterative or repeated. Once controls have been implemented, further 

assessment is required to determine the residual risk. Based on the outcome of the second 

assessment, a monitoring and control procedure needs to be designed and implemented with 

an assessment component to ensure that risk remains within acceptable levels. This 

procedure is referred to as a continuous risk assessment. 
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Figure 2.1 Risk Assessment Process (Adopted from Guild et al., 2001)
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According to Guild et al., (2001: 66-67), these are the steps in the risk assessment process as 

indicated in (Figure 2. 1): 

STEP ONE: Define the objectives of the assessment 

The process design of the assessment will depend on its objectives, which must be clearly 

defined, preferably in terms of measurable outcomes. It is useful to limit the study to specific 

desired outcomes as the approach to the assessment could change depending on whether the 

assessment is, for example, compliance to or introduction of new technology. The latest 

development in TMM related legislation was the introduction of proximity detection systems 

(PDS) technology, which is compulsory for all mines to implement, depending on the outcome 

of the risk assessment. Therefore, when conducting such risk assessment, its objective will be 

to determine whether PDS is required and necessary as a control measure to prevent collision 

between TMMs and TMMs and people depending on identified risks and hazards. 

STEP TWO: Define the Assessment Process 

There are three processes that are commonly used. Each process focusses on a different 

aspect of risk assessment and therefore each process is interrelated. 

• The Baseline Process 

 

Guild et al., (2001:67) asserts that the purpose of this process is to determine the 

current status of occupational health and safety risks associated with the business and 

a set of risk profiles to be obtained. This is a very wide-ranging process that 

encompasses all potential exposures related to the process and activities surrounding 

those processes as shown in figure 2. 
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Figure 2.2 Baseline Risk Assessment (Adopted from Guild et al, 2001) 

 

The step-wise process defines what is covered by the baseline risk assessment and 

what is not covered. The main reason for doing this step-wise process is to be clear as 

to what needs to be covered or included in the risk assessment. The processes are as 

follows: 

 

Geographic or area based: A specific site or area is reviewed such as a mine, plant, 

workshop etc.  Based on the researcher’s experience as a mine health and safety 

inspector and practitioner, dump truck operators in a surface/open-cast mining area 

are exposed to different hazards and risks as compared to an operator at a plant. The 

mining dump truck operators are exposed to explosives, slope failure and fall of rock 

risks, and the latter is not exposed to the same. 

 

Scan complete business 
process and identify hazards. 

Determine risks 
 

Geographical  

areas 

Activities 

Occupations 

Tasks 

Examples Description 

Plant – mill section- mill 
Stope – stope face – gulley 
Haulage – cross-cut 
Shaft – station - bottom 

List all geographical areas of 
the business.  Determine the 
risk within each. 

Milling, drilling, loading, 
lashing, driving, etc. 

Mill operator, driller, 
loader, lasher, driver, etc. 

Operate a mill, drill a hole, 
load with a loader, lash 
with a shovel, etc. 

List all activities within each 
geographical area.  
Determine the risk within 
each. 

List all occupations involved 
with each activity.  
Determine the significant 
risks. 

List all tasks performed by 
each occupation.  Determine 
significant risks. 

Compile risk profiles 



P a g e  | 34 
 
 

Process or activity-based: Develop a clear understanding of the process being 

evaluated, which usually involves consultations with the process owners such as 

engineers, metallurgists, operational personnel etc. Examples of activities related to 

TMMs are load and haul, dozing, grading of roads etc. 

 

Occupation and task-based: An occupation or an activity of the occupation is selected 

and studied to establish the presence of hazards and to determine their particular risk 

levels. Having proceeded through the steps, risk profiles can be compiled and risks 

listed in order of significance as shown in (figure 2.2). 

 

• Issue - Based Process 

According to Guild et al. (2001:68), this process is designed to more distinctly 

and clearly delineate and quantify risks associated with particular aspects of 

the work activity as shown in Figure 2.3. This type of risk assessment requires 

specialist skills as the complexities of the problem might be beyond the scope 

of health and safety practitioners employed at a mine or place of work. Issue 

based risk assessment of TMM will require specialist skills such as Engineering, 

Diesel and Petrol Mechanic etc.  

 

During issue based risk assessment, a specific activity is dealt with in detail and 

step-wise and the OEM maintenance manual should be adhered to at all times. 

Example being changing of track wheels of an excavator or replacing cylinders 

on a hydraulic machine. This fact that specialised skills are required to conduct 

issue based risk assessment supports the researcher’s belief that the 

appointment of competent persons such as engineers and qualified artisans 

will assist in reducing accidents associated with the TMMs. 
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Figure 2.3. Issue Based Risk Assessment Process (Adopted from Guild et al, 2001) 

 

 

• Continuous Risk Assessment Process 

Guild et al., (2001:68) maintain that the purpose of ongoing risk assessment or 

scheduled periodic reviews is to verify that workplace conditions have 

remained the same, or to identify where changes have occurred and to what 

extent such changes have occurred as indicated in figure 2.4. Continuous risk 

assessment is conducted through audits, inspections, planned task 

observations (PTO), accident investigations etc. This activity also assists to 

identify any hazards that were not identified during the baseline and issued 

based risk assessments.  In case new hazards are identified or change in 

process/activity occurs, baseline and issue based risk assessments should be 

reviewed accordingly. Conducting pre-use inspection on a machine and 

completing a pre-use inspection form on a daily basis is a form of continuous 

risk assessment. 
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Figure 2.4. Interrelation between different risk assessment processes (Guild et al., 2001). 

 

Guild et al., (2001:70) state that during the baseline and issue based risk 

assessment, significant issues requiring immediate attention are closely 

monitored through the continuous HIRA process. This monitoring takes place 

in the form of audits, inspections, PTO and accident investigations etc. (1). 

 

Data from the baseline and issue based HIRA process is used during the 

continuous HIRA process. Basically, audits, inspection and PTOs will be 

conducted using data from baseline and issue based risk assessment.  During 

the continuous HIRA process, monitoring of effectiveness of control measures 

recommended during baseline and issue based process is done (2).  

 

Outcome from continuous HIRA might require more in depth analysis through 

the issue based HIRA. In case the outcome of continuous HIRA indicate that 

hazards and risks have changed and control measures are no more effective to 

deal with those risks, in depth issue based HIRA should be conducted to correct 

identified shortcomings from the outcome of the continuous HIRA (3). 

 

The outcome of the issue based HIRA, similar to that of baseline HIRA, needs 

to be monitored again through the continuous HIRA process to ensure that 

recommendations are complied with and effective. In simple terms, the 
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hazards identified and risks assessed during baseline and issue based HIRA 

processes, including control measures to mitigate those risks, should be 

continuously monitored. In case the outcome of continuous HIRA indicates that 

hazards and risks have changed and control measures are no more effective to 

deal with those risks, in depth issue based HIRA should be conducted to correct 

identified shortcomings from the outcome of the continuous HIRA (4). 

 

Baseline risk profiles can be used to scope and prioritise issue based HIRA. 

During baseline HIRA, risk rating is done and the high risks are identified and 

prioritised. High risk processes and activities are given priority and further in 

depth risk analysis is conducted in the form of issue based HIRA on these 

processes and activities, with the intention of improving control measures 

recommended during the baseline HIRA process (5). 

 

As part of the continuous and issue based HIRA, the integrity and effectiveness 

of the management system is evaluated (6). Through continuous HIRA, safety 

management systems can be continuously monitored and evaluated to ensure 

that it remains relevant. 

 

The results of the complete risk management process manifest themselves in 

the baseline risk profiles (7). 

 

In conclusion, the risk assessment process starts with the baseline HIRA 

process, where high risks are prioritised and further analysed during the issue 

based HIRA process. Any new information from the issue based HIRA is used to 

review and update the baseline HIRA. Continuous risk assessment in the form 

of audits, inspections, PTOs, Visible Felt Leadership programs and accident 

investigations is used to monitor the implementation of recommendations 

from the issue based and baseline HIRA, evaluate effectiveness of 

recommended control measures and identify new hazards and risks. Data from 

continuous HIRA are then used to review issue based HIRA again, making a risk 

assessment process a continuous cycle. 

 

STEP THREE: Hazard Identification 

 

Hazard identification process involves understanding the adverse effects of a 

substance, situation, condition or process to which workers may be exposed.  It is 

suggested that occupational health and safety practitioners utilise the following means 

to anticipate possible hazards: 

• Acquire a working knowledge of the process concerned such as mining, 

screening and crushing etc. 
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• Identify and understand the effects on the human being, process and property. 

• Examine literature reviews to obtain knowledge. 

• Study previous reports and other relevant information. 

• Talk to specialists and operational people involved in the process. 

• Perform a task or job analysis. 

• Use checklists and guidelines such as Department of Mineral Resources Chief 

Inspector of Mines’ guidelines on the Mandatory Code of Practice on Trackless 

Mobile Machines (Guild et al., 2001: 70). 

Guild et al., (2001: 70), assert that while potential hazards can be identified, it does not 

necessarily mean that these hazards will be significant and relevant if present, hence 

exposure assessment is important. For example, noise emitted by machines is a hazard, 

but it is insignificant if all operators are inside sound proof cabins when operating 

machines. No person is exposed to noise above the limit of 85dB (A), therefore the risk 

of operators developing noise induced hearing loss is extremely low. Communication 

between operators using two-way radios will also not be affected by noise created by 

machines. 

STEP FOUR: Exposure Assessment 

An exposure models use a variety of techniques to predict exposures to hazards and can 

involve simple algorithms as well as complex numerical techniques and scale models. 

Guild et al., (2001: 73) also state that all the models consist of a source, a transmission 

path and a receiver as shown in figure 2.5, but they do not usually consider 

dose/frequency and effect. 
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Figure 2.5 Simplified Exposure Model (Guild et al., 2001) 

 

Therefore, an understanding of the workplace, work practices and existing control 

measures will assist in predicting the probability that the exposure will result in a 

particular effect or outcome. 

STEP FIVE: Risk Rating 

Guild et al. (2001: 74), maintain that risk rating is the final product of the risk assessment 

process that can be used by a risk manager to develop and prioritise control strategies 

and to communicate risks. It is a process for estimating the incidence rate and severity 

of adverse health and safety effects likely to occur due to actual or predicted exposures 

to workplace hazards. 

Risk Rating= Consequence X Probability of exposure X Period of Exposure 

Consequence is based on severity of harm or damage that can occur e.g. multiple 

fatality, disabling injury, lost time injury etc. 

Probability of exposure refers to chances of exposure to hazard or dangerous 

conditions. 

Period of Exposure refers to the longevity of exposure (refer to table 2.1). 

Guild et al. (2001: 74), further state that one of the most important steps is to determine 

whether the level of risk is acceptable by assigning a risk rank level to the situation under 
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review. These estimations can be defined in qualitative, quantitative and semi-quantitative 

terms. 

• Qualitative terms- Judgement is used and ranking mechanisms such as low, 

moderate or high are utilised. This is especially useful when performing baseline 

risk assessment where the object is simply to identify the significant risks that 

are then more comprehensively measured and/or analysed. This is not the best 

method to prioritise interventions. 

• Quantitative terms- involves use of a mathematical equation that is an extension 

of the low, medium and high scenarios and describes the risk as a frequency of 

death. 

• Semi-quantitative- Involves the use of a matrix based on the rating of hazards 

and the rating of likelihoods of exposures similar to the model shown (figure 2.6). 

Risks can be rated as low, moderate and/or high. It provides a useful means for 

ranking risk on a comparative scale. 

 

 

 

 

 

Figure 2.6 Risk Rating Model (Adopted Guild et al., 2001) 

 

 

 

 PROBABILITY 

 

 

 1 2 3 4 5 

 

C 

O 

N 

S 

E 

Q 

U 

E 

N 

C 

E 

4  

11 

    

3      

2      

1      

PROBABILITY 

CATEGORY 

DEFINITION 

5 Possibility of repeated incidents 

4 Isolated incidents known to have 

occurred 

3 Possibility of occurring sometime 

2 Unlikely to occur 

1 Practically impossible 

CONSEQUENCE 

CATEGORY 

DEFINITION 

4 Serious long or short term health effects 

that can be fatal 

3 Serious adverse health effects that 

would require off-site medical 

treatment 

2 Non life threating health effects that 

may require on site first aid treatment 

1 Little if any adverse health effects 

7 2 4 1 

15 

18 

20 10 14 

6 9 

17 

13 

19 

15 

12 8 5 3 

11 



P a g e  | 41 
 
 

The probability that a worker is exposed to a hazard and the consequence of such exposure is 

assessed. Different grading systems for ascertaining the risk of potential hazards are utilised 

(See example 2.1). These estimations enable one to position the hazard within the risk matrix 

that is utilised and to determine the acceptability of the risk, according to different categories 

in a specific risk matrix. The risk can fall under intolerable risk where further reduction of risk 

is required no matter what the cost. Broadly acceptable risk is where further reduction of risk 

is unacceptable and tolerable risk that takes into account economic issues such as that risk 

should be reduced to as low as reasonably possible (Table 2.2).  
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Table 2.1 Grading system for ascertaining risk of potential hazards (Adopted from Guild et 
al., 2001). 

 

RISK FACTOR 

 

VALUE 

 

Probability of 

exceeding OEL 

 

Continuously exceeding 

Intermittently   

Unusual, but possible 

Only remotely possible (has happened somewhere) 

Conceivable, but very unlikely (has not happened yet) 

 

 

10 

6 

3 

1 

0.5 

 

Period exposed 

 

Continuous for 8-hour shift 

Continuous for between 2 and 4 hours per shift 

Continuous for between 1 and 2 hours per shift 

Short periods of time (a few times per month) 

Unusual (a few times per year) 

Rare (once per year) 

  

 

10 

6 

3 

2 

1 

0.5 

 

Consequences 

 

One or more fatalities 

Major disability 

Serious illness – absent for longer than 14 days 

Major illness – absent for longer than 7 days but less than 14 days 

Minor illnesses – absent for 7 days or less 

 

100 

50 

15 

7 

1 

 

The researcher has applied numerous risk-rating models as part of a process of conducting 

hazard identification and risk assessment, such as 3 by 3 and 5 by 5 methods. Organisations 

use different risk rating models to suit their operational requirements and risk analysis 

method (bowtie analysis). However, it is important that a risk-rating model should be 

scientifically acceptable and user friendly; above all, it must be able to assist the process of 

rating a risk correctly. The researcher has noted that the Guild et al. model is suitable when 

rating occupational hygiene and health related hazards and risks such as noise emitted by 

TMMs, airborne pollutants (diesel particulate matter from TMM), vibrations etc. This model 

cannot be applied when rating risks which are not hygiene and health related, thus making it 

unsuitable to be used for all types of occupational risks related to TMM. For example, 

inadvertent movement of machinery, brake failure, running out of control, poor illumination 

etc. 

Currently, a popular risk-rating model of 5 by 5 is used by many organisations and has also 

proved to be beneficial. The researcher recommends that a 5 X 5 risk rating method be used 

when dealing with safety related hazards and risks associated with TMM. (Annexure G). 
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STEP SIX: Deciding risk acceptability 

Guild et al. (2001:77), assert that the highest priority should be given to the risk that has the 

greatest consequence and the highest probability of occurring and should be managed first as 

indicated in table 2.1. Exposure that is known to have adverse health effects or lead to 

catastrophic events should not be tolerated at any cost. In case risk acceptability standards 

exist, such standards should be adhered to at all costs, more especially health related 

exposures to substances that can give rise to acute health effects even after brief exposure to 

high concentrations (Guild et al., 2001:77).  

Table 2.2 Criteria for Tolerability of Risk (Adopted from Guild et al., 2001) 

CALCULATED RISK RISK CLASSIFICATION ACTION 

400 and above Intolerable risk Consider discontinuation 

200 – 399 Very high risk Immediate action required 

70 – 199 High risk Correction required 

20 – 69 Potential risk Attention necessary 

Under 20 Tolerable risk Monitor 

 

2.4 Risk Management Approach: Local and Global Perspective 

Foster, Rose & Talbot (1998) state that risk assessment plays an important role in identifying 

hazards and providing strategic advice on the relative risks to health and safety. On its own it 

does not make an operation any safer or more efficient.  That objective is achieved through 

risk management, by ensuring the selection, implementation and maintenance of effective 

initiatives to improve health and safety performance. 

 

Foster et al. (1998) assert that for a risk management system to work efficiently, there are two 

important requirements which have to be fulfilled. The first of these is visible commitment of 

all senior managers through active involvement in the process. The second is the widespread 

involvement and participation of the workforce. In this way, the entire workforce will start to 

recognise the benefit of their input and start to take greater interest in ownership of their 

health and safety. It can be done through creation of innovation and communication 

forums/schemes which should be led by the most senior person on the operation. In these 

forums/ schemes, the entire workforce is given the opportunity to participate in ensuring that 

health and safety issues are taken care of. Used in this way, risk management can be a strong 

motivational tool.  
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Management must set non-negotiable, high standards for health and safety, actively engage 

with the workforce and correct unsafe acts/behaviours and conditions. Visible commitment 

of all senior managers, which is known as Visible Felt Leadership (VFL), is vital to demonstrate 

commitment of senior managers to manage health and safety risks in a workplace and 

ultimately reduce accidents and injuries. During this leadership exercise, senior managers get 

the opportunity to interact with the workforce and discuss issues relating to health and safety 

in a workplace, as a form of continuous risk assessment. 

The researcher, through interaction with the workforce, has observed that continuous risk 

assessment through health and safety Visible Felt Leadership encourages good and acceptable 

behaviour within the organisation. It also ensures that health and safety standards, 

procedures and systems that were developed to address hazards and risks in a workplace are 

enforced and adhered to at all times. It also demonstrates that management cares about the 

health and safety of the workforce. 

Participation of employees promotes the understanding within the workforce that they are 

also responsible for their own health and safety and that of fellow workers. It furthermore 

gives the employees the opportunity to give input on health and safety issues which impact 

them on a daily basis. Ownership of health and safety is encouraged because the rules, 

standards, procedures and systems which were developed will be viewed by employees as 

their own decisions rather than that of management imposed on them. This approach gives 

employees a sense of responsibility to adhere to and comply with rules and standards. Above 

all, teamwork between management and workforce is encouraged to address health and 

safety challenges within the organisation. 

According to the health and safety risk management manual for the Australian coal mining 

industry, (2007: 6-9), risk assessment is one of the elements of the risk management process, 

as shown in figure 2.7 below. Risk assessment is not a stand-alone process, which comes 

before the risk management process. However, irrespective of all different thinking in terms 

of risk assessment and management processes, the common understanding is that hazards 

should be identified, risks assessed and ultimately managed. According to the researcher, 

managerial leadership skills are vitally important in managing risks associated with TMM. It is 

critical to influence and encourage people to adhere to processes and procedures and to 

implement proposed control measures. Involvement of top management such as the Chief 

Executive Officer in promoting safety culture is critical to ensure and encourage excellent 

safety performance of an organisation. A common safety vision for the organisation can be 

created and endorsed by all employees, inspiring employees to a higher level of safety. 
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Figure 2.7 Risk Management Process (Adopted from Risk Management Manual from the 
Australian Coal Mining Industry, 2007) 
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2.5. Ergonomics  

According to Schutte & Shaba (2003), as a practice or discipline, ergonomics applies human 

system interface technology to the analysis, design, standardisation and control of systems to 

improve health and safety, well-being, comfort and productivity. Schutte & Maldonado (2003) 

further state that a major goal of ergonomics is to minimise design induced human error and 

prevent muscular skeletal disorders. For example, inadequate cabin space of the machine, 

controls in the wrong location and information that is difficult to read, result in 

operators/drivers adopting awkward postures. These awkward postures, particularly if they 

are adopted repeatedly or over prolonged periods, may cause discomfort and fatigue, causing 

drivers/operators to make errors. Cabin ingress and egress is also another ergonomic design 

problem in many of the TMMs used, more especially dump trucks, excavators and front-end 

loaders. Sometimes the steps provided are too high or too far from the ground level, causing 

the operator to fall to the ground and get injured or creating strain on the operator when 

mounting and demounting. 

 

Schutte & Shaba (2003) mention that local and international safety statistics indicate that 

ergonomic factors underlie many of the accidents occurring in mines, and could negatively 

impact effective and efficient operation of mining machinery and transport systems. Schutte 

and Shaba (2003) further state that bad ergonomic design can lead to poor and inadequate 

visibility, poor driver/operator coordination during the process of operating the machine 

which can be caused by controls being in wrong locations, fatigue and discomfort and 

inadequate cabin design which can lead to poor driver alertness. A combination of the above 

mentioned factors promotes conditions conducive for human error. 

 

Grandjean (1982) as cited by Schutte & Shaba (2003) states that Ergonomic workstation 

design, based on engineering anthropometry and occupational biomechanics, can play a 

major role in reducing occupational injury associated with many ergonomic risk factors. 

According to Herron (2001) as indicated by Schutte & Shaba (2003), Anthropometry literally 

means ‘the measurement of human’ and focuses on the measurement of bodily features such 

as shape and size. Das (2001) as indicated by Schutte & Shaba (2003) states that engineering 

anthropometry is the effort to apply information or data to workstations, equipment and tools 

to enhance the efficiency, safety, well-being and comfort of the worker. Das (2001) as stated 

by Schutte & Shaba (2003), further mentions that in the context of workstation design, 

engineering anthropometry is employed to develop design parameters or dimensions for such 

a design. The above mentioned factors, more especially anthropometry data or information 

will assist to ensure adequate cabin design, placing controls in the correct location, correct 

cab design and seat positioning to ensure adequate visibility and correct design of steps to 

embark or disembark from the machine thus reducing the risk of fatigue and human error. 
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According to Schutte & Shaba (2003), in general, there are four major ergonomics design 

principles to be considered when designing workstations: 

 

• Design for the smallest: This principle applies primarily to forces and reach distances. 

• Design for the largest: This principle applies primarily to clearances, such as escape 

hatches, walkways and ceiling heights. 

• Design for the average: This principle applies to operator positions that are not 

adjustable (e.g. fixed-height tables and work surfaces). 

• Design for the range: This principle is applied to determine the amount of adjustability 

that should be built into such things as variable workstation seats (forward-aft and up 

down). Inadequate cabin space, controls in the wrong location and information 

displays that are difficult to read resulted in operators/drivers adopting awkward 

postures. These awkward postures, particularly if they are adopted repeatedly or over 

prolonged periods, may cause discomfort and fatigue, and increase the risk of 

musculoskeletal disorders. 

Schutte & Shaba (2003) maintain that the observed occupational health and safety hazards 

and risks resulting from ergonomics related factors can be ascribed mainly to workstation 

designs based on anthropometric data that are not entirely suitable for the South African user 

population. 

 

Schutte & Shaba (2003) recommend that a concerted effort be made to upgrade the seats of 

mining machinery and transport systems. Seat maintenance programmes should be 

developed and implemented and operators trained to adjust their seats properly to meet their 

personal requirements. It is further recommended that the steps and handrails on existing 

mining machinery and transport systems be inspected and modified, if necessary, to provide 

the operator with the required three-point contact for safe access and exit. The possibility of 

making practical modifications and retrofits to improve the driver’s visual field should be 

investigated. Schutte & Shaba (2003) further state that the aim of effective modifications or 

retrofits would be to eliminate visual obstructions and to improve illumination in the driver’s 

primary visual field by ensuring that the driver’s position will optimise visibility. The design of 

the supports for the cab canopy must not impair visibility. In addition, it is also important to 

note that bad ergonomic design of any workstation or equipment can also lead to fatigue. 

 

The researcher’s opinion is that a machine should be designed in such a manner that shape 

and size of a person does not dictate whether a person can operate a machine or not. 

Ergonomically, size and shape of the operator should not be an exclusion factor to operate 

trackless mobile machines. It is not ergonomically acceptable that a person should fit into a 

machine, rather than a machine and working environment designed to fit all persons. Design 

of a machine should accommodate people of all sizes and shapes by designing TMM with 

adequate cabin space and the support of the cabin that does not impair visibility. Seats should 
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be adjustable and be able to move forwards and backwards, sideways, up and down. All 

controls and visual aids should be in the direction of travel for ease of accessibility and 

reduction of awkward postures. Ladders should be adjustable to ensure that all persons can 

use them without posing any risk to their safety, for example sliding ladders and adjustable 

handrails. 

 

A well designed and engineered TMM, considering ergonomic requirements and needs of the 

operator, can substantially reduce the ergonomic risk factors such as muscular skeletal 

disorder, discomfort and fatigue. 

 

2.6. Fatigue Management  

According to Schutte & Maldonado (2003), despite the renewed interest and investigations in 

sleep related problems, there is no complete agreement on a definition of fatigue. Schutte & 

Maldonado (2003) further distinguished between the physiological consequences of 

prolonged activity, which they termed ‘impairment’, and the psychological consequences, 

including poor performance and negative feelings, which they termed ‘fatigue’. According to 

Hartley (2001: 446-448) as mentioned by Schutte & Maldonado (2003), more recently, it has 

become clear that poor performance reflects the impact of fatigue on the effectiveness of task 

performance and does not reflect a decline in the efficiency of performance. Effectiveness 

refers to the level or quality of result or product from actions of individuals, whilst efficiency 

means how well something is done or produced with speed and intelligence. 

 

Schutte & Maldonado (2003) state that fatigue is “a state of declining alertness which 

eventually ends in sleep”. Such a definition has merit in drawing attention to the key deficits 

that occur, such as the decrease in the speed with which decisions are made, including inability 

to control vehicle movement. 

 

Schutte and Maldonado (2003) highlighted that over the past two decades, increasing 

attention has been paid to sleepiness and sleep related challenges, mainly due to the 

recognition and understanding that sleepiness and fatigue are becoming endemic to the 

population, contributing to human error and, consequently, to many (sometimes fatal and 

catastrophic) accidents in industrialised societies. Some of the contributing factors leading to 

fatigue and sleepiness are substance abuse, incorrectly planned shift work (backward rotating 

shifts), prolonged hours of work (current 12-hour shifts in Northern Cape open-cast mines), 

diseases and illnesses (HIV and Aids and uncontrolled diabetes), age (old age) etc. According 

to Ferrara and Gennaro (2001) as mentioned by Schutte and Maldonado (2003), recent 

estimates of the percentage of injuries and fatalities caused primarily by sleepiness or fatigue 

differ considerably, varying from 2% to 41%, these accidents involve enormous costs in terms 

of lives and money. 
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Schutte & Maldonado (2003) argue that alertness during extended or demanding tasks and 

activities is essential for safety and productivity. Over the past decade attention has been 

increasingly focused on sleep and problems related to sleeplessness. It is now recognised that 

sleepiness and fatigue are becoming endemic to the populations of industrialised societies: 

sleepiness and fatigue contribute to human error and consequently to many (sometimes 

catastrophic) accidents. Long hours of undemanding and monotonous driving, such as during 

certain mining operations, facilitate the onset of sleepiness as does any other tedious task. A 

number of accidents, which may be attributed to loss of control due to sleepiness of drivers, 

have been reported at mines where haul trucks are used. 

 

Driver alertness has a great impact on safety. Drowsiness and sleeping at the wheel have been 

identified as the major reasons behind fatal crashes and freeway accidents caused by car 

and/or truck drivers (National Transportation Safety Board [NTSB], 1990). Connor et al. (2001) 

as mentioned by Schutte and Maldonado (2003), have shown that there is an odds ratio of 2.7 

between sleeping less than 5 hours (5 h) in the last 24 hours (24 h) compared to more than 5 

hours sleep and being implicated in a sleep related accident. Driving between the hours of 

02h00 and 05h00 was associated with accidents with an odds ratio of 5.6 compared to driving 

at any other time of the day. 

 

According to Aldrich (1989) in Schutte & Maldonado (2003), populations that have been 

shown to be at a higher risk of involvement in sleep-related vehicle accidents include young 

people, people with undiagnosed or untreated sleep disorders. Findings by Ray et al. (1992) 

and Ceutel (1995) as mentioned by Schutte & Maldonado (2003), indicate that taking soporific 

medication such as benzodiazepine anxiolytics or sedating antihistamines during driving also 

increases the risk of involvement in sleep related vehicle accidents. Dalziel and Job (1997) and 

Marcus & Loughlin (1996) as mentioned by Schutte & Maldonado (2003) also found that night 

or rotating shift workers are at risk of being involved in sleep and fatigue related accidents. 

 

Bass et al. (2000) & McCartt et al. (2000) as mentioned by Schutte and Maldonado (2003) 

found that commercial vehicle operators are also at increased risk of involvement in sleep 

related accidents due to drowsy driving caused by factors such as extended driving times, 

irregular work and sleep schedules, higher frequency of night-time driving and inadequate 

sleep. Maldonado et al. (2002) as mentioned in Schutte and Maldonado (2003) found that 

disturbed or poor quality sleep is also a risk factor for sleep-related vehicle accidents and also 

for anyone who is already drowsy, the consumption of alcohol can pose a special risk. 

Research by Zwyghuizen-Doorenbosh et al. (1988) & Lumley et al. (1987) as mentioned in 

Schutte & Maldonado (2003) has shown that alcohol consumption and lack of sleep interact 

additively to increase levels of sleepiness, often leading to fatal consequences. 

 

Mackie & Miller (1978) as mentioned by Schutte & Maldonado (2003) state that although 

sleep may be the endpoint of fatigue, human performance often deteriorates to unsafe levels 
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long before the onset of sleep. Hartley & Mabbott (1999) also mentioned by Schutte and 

Maldonado (2003) have listed the following as problems for heavy vehicle operators long 

before sleep onset: 

• Slow reaction and decisions; 

• Slow control movements; 

• Decreased tolerance for other road users; 

• Poor judgement when overtaking; 

• Poor situational awareness; 

• Particularly their patterns of working and resting, and their individual sleep needs and 

patterns. 

 

Schutte & Maldonado (2003) found that there are clearly similarities between operators of 

long distance transport haulage and operators of machinery in mining operations, especially 

those involved in shift work. Similarities include: 

• Long duration of monotonous scenery, 

• Mainly sedentary occupation; and 

• Working through periods of time when circadian rhythms naturally encourage sleep. 

 

According to Schutte & Maldonado (2003), from the literature and observations made during 

the field assessments, it was found that the factors listed below may compromise the 

alertness of the drivers of haul trucks during mining operations. 

 

• Disruptions in circadian rhythms associated with phase shifting in Sleep/wakefulness 

cycles; 

• Inadequate (shortened) sleep; 

• Poor quality of sleep between shifts; 

• Fatigue; 

• Daytime sleepiness; 

• Suboptimally designed shift schedules (unusual work schedules); 

• Time of the day; 

• Night shift driving (greater tendency towards drowsiness); 

• Extended driving times; 

• Monotonous nature of tasks; 

• Certain medical conditions (e.g. obstructive sleep-apnoea syndrome) and medications; 

• Poor awareness of the causes and consequences of fatigue, and the importance of 

sufficient sleep and ways to achieve it and 

• Lifestyles. 

 

Schutte & Maldonado (2003) state that counter or proactive measures that could alleviate 

sleepiness and enhance alertness in haul truck drivers would be well designed and 
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implemented shift work schedules, sufficient rest days in the work schedule and structured 

breaks during the shift, proper sleep management, professional health screening and 

counselling, educational programmes, regular exercise, appropriate food and fluid intake, and 

devices to measure driver wakefulness during driving. 

 

On the basis of the findings of the study by Schutte & Maldonado (2003), it is concluded that 

irregular work schedules disrupt the normal circadian rhythm. This disruption causes 

sleepiness when wakefulness is required and insomnia during the main sleep episode. The 

disruption of the normal circadian rhythm and its associated effects also applies to haul truck 

operators in the South African mining industry, as driver sleepiness is a reality and a safety 

risk. Poor quality and quantity of sleep have been identified as major risk factors in the 

reduced alertness of haul truck drivers during mining operations. It is therefore recommended 

that interventions and countermeasures should be implemented to address these problems 

as a matter of priority. Managing sleep and designing work schedules are of critical importance 

and require participatory planning and implementation. The countermeasures outlined in this 

study could form the basis of a strategy to reduce driver sleepiness.  

 

Schutte & Maldonado (2003), further argued that, local and international safety statistics 

indicate that ergonomic factors underlie many of the accidents mentioned in this research. 

According to Schutte & Maldonado (2003) there are major factors that may contribute to an 

accident and these are management systems (methods and procedures), conditions (facilities 

and equipment) and the critical things that people do. These three factors, which are 

discussed in detail in the research to highlight their importance in accident prevention, form 

the working interface. Ergonomic interventions can be used to improve the working interface 

with direct benefits in the form of improved safety performance. For example, improved 

equipment cabin space and correct seat position, will reduce the risk of fatigue and wrong 

postures, which may lead to reduction of accidents. 

 

In conclusion, the researcher is of the view that fatigue and sleepiness should not be seen as 

one and the same. Fatigue can be described as both physical and psychological tiredness 

caused by demanding or undemanding long monotonous activities, resulting in sleepiness and 

lack of alertness and poor coordination. Therefore, sleepiness should be seen as one of the 

signs or symptoms of fatigue in a person, but that does not necessarily mean sleepiness is 

always a sign of fatigue. It is normal for a person to sleep depending on the time of day, more 

especially at night, and sometimes after a heavy meal during the breaks. 

 

However, it is also worth noting that occupational and non-occupational factors that can cause 

fatigue can also cause a person to fall asleep whilst operating TMM. Some of these factors are 

inadequate sleep (no rest), nightshift driving, substance abuse, medication, certain medical 

conditions (diabetes causing tiredness) etc. Finally, continuous efforts should be made by 

employers (management), employees and original equipment manufacturers of TMM to 
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ensure that the above mentioned causes of fatigue are strategically dealt with to avoid fatigue 

related accidents and injuries associated with TMM. 

 

2.7 Safety Leadership and culture transformation 

Jones (2006: 82-85) as cited by O’Toole (2012) argues that world class safety performance 

is achieved by reducing risk exposure in the workplace by a combination of culture, 

leadership, equipment, and systems to control the work processes. Krause (2005) as 

mentioned by O’Toole (2012) proposes an organisational safety model involving leadership 

influencing the organisational culture, safety enabling systems, and organisational 

sustaining systems to reduce exposure to hazards in the working interface.   

A Mine Health and Safety Council document (2008) states that in terms of the Culture 

Transformation Framework (CTF), through a process of continuous engagements with 

relevant stakeholders, the MHSC of South Africa identified 11 pillars on which the Culture 

Transformation Framework is based. These 11 pillars were considered and reviewed; 

therefore, the MHSC identified 4 priority pillars. These pillars are: Leadership, Risk 

Management, Bonuses and Performance Incentives. These four pillars will be dealt with and 

explored in this study because of their impact on the health and safety performance of 

organisations. 

2.7.1 Safety leadership 

Safety in the workplace has become an increasingly important focus area for work 

organisations, more specifically in industry. Safety leadership refers to the influence required 

to create cultures that are cognisant of and committed to securing a safe workplace and 

protecting people from any harm in the execution of their duties. Safety leadership focuses 

on a much needed mind-set of care for others. 

According to O’Toole (2012), the question of what makes a person an effective leader still 

challenges leadership scholars despite several decades of scientific study. Leadership has 

always been a very difficult and elusive concept to define. There is no right or accurate 

definition of leadership. However, all definitions of leadership from different religious, 

political and business leaders are about nurturing and enhancing. Basically, leadership is about 

influencing people to follow, it is about the people. Kriege (2003), found that there is a vast 

body of literature that addresses the question of leadership and how to build successful 

organisations, as well as a new trend of moving away from management to leadership style. 

There are many leadership definitions but the following three definitions indicate that 

leadership is indeed about the people, which incorporate matters of health and safety. 
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➢ “Leadership is about the service to others and a commitment to developing more 

servants as leaders. It involves co-creation of a commitment to a mission’’- Robert 

Greenleaf. 

➢ “Leadership is the ability to make people follow a specific course, without any fear or 

favour”-Tau Koaho. 

➢ “Leadership is the ability to enable ordinary people and organisations to achieve 

extraordinary results”- Dan MacCarthy. 

Kriege (2003) further argues that most recent authors and academics have shifted the 

emphasis of successful leadership in organisations away from a management style of planning, 

organising and controlling to a leadership style that seeks to build confident and productive 

people. Leadership is often misunderstood and confused with management. According to 

Maxwell (1998), there is a widespread misunderstanding that leadership and management is 

one and the same, which is not the case. The main difference between the two is that 

leadership is about influencing people to follow, while management focuses on maintaining 

systems and processes. A manager has subordinates and a leader has followers. It is widely 

wrongly assumed that for an individual to be a leader, he/she must have an impressive title 

and position. Leadership is a formal or informal role that a person assumes to achieve a 

specific goal. 

Leadership is not a function of the position a person holds; it is a role that a person plays to 

achieve a specific vision. It has its foundation in the will of an individual to improve the 

circumstances of any situation as a service to others (Van Rensburg, 2007:2). According to 

Nanus (1992), there is no more powerful engine driving an organisation towards excellence 

and long range success than an attractive, worthwhile, and achievable vision of the future, 

widely shared. It is also imperative for leaders to understand what a vision is, and according 

to Nanus (1992), a vision is a realistic, credible, attractive future for an organisation. It is the 

leader’s articulation of a destination towards which his/her organisation should aim, a future 

that in important ways is better, more successful, or more desirable for his/her organisation 

than at present.  

Leaders inspire a shared vision, they gaze across the horizon of time, imagining the attractive 

opportunities which are in store when they and their constituents arrive at a distant 

destination. Leaders should also enlist people in a vision, know their constituents and speak 

their language. People must believe that leaders understand their needs and have their 

interests at heart. Leadership is a dialogue and not a monologue. To enlist support, leaders 

must have the intimate knowledge of people’s dreams, hopes, aspirations, visions and values. 

A clearly articulated vision is extremely important for any leader to be successful in creating a 

better future for his /her organisation (Nanus 1987: 10-11). 
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To illustrate the relevance and importance of the above mentioned leadership views on this 

study, the mine health and safety council (MHSC) milestones are briefly discussed. The mine 

health and safety council is a statutory body under the mine health and safety act, and 

comprises of state, mining companies and organised labour (Unions). Its main objective is to 

improve the health and safety conditions and reduce accidents and injuries within the mining 

industry. The chief inspector of mines (CIOM) representing the State, is the chairperson of the 

mine health and safety council. 

In 2003, the MHSC, developed a ten year shared vision to improve health and safety conditions 

in the mining industry by setting health and safety milestones. One of the milestones was to 

decrease all accidents and injuries within the industry by 20% every year over a period of ten 

years (www.dmr.gov.za). Chief executive officers of mining companies and organised labour 

leaders were tasked to ensure that these milestones are achieved by influencing their 

organisations and members respectively. Chief executive officers, as industry leaders, because 

of the voice they have within their organisations, were expected to set similar or even 

improved targets for their respective organisations. They were also given the responsibility of 

consistently reporting the progress made by their organisation to the MHSC regarding these 

milestones. 

The MHSC, further developed a culture transformation framework (CTF), to create a safety 

culture and mind-set through leadership.  Some of the aspects of the CTF that are necessary 

for the safety culture and mind-set are care for people, consistent communication and firm 

but fair application of discipline. The incentives and bonuses scheme also form part of the CTF 

to ensure that production and safety are treated the same. In the past, mining companies gave 

more incentives and paid more bonuses for reaching production targets than any other safety 

achievements, thus creating a mind-set that production is more important than safety. The 

MHSC, under the leadership of CIOM, managed to mobilise the mining industry behind the 

prevention of workers being injured or fatally injured, at work and at home through these 

leadership initiatives. Subsequent to these initiatives, fatalities were reduced from 270 in 2003 

to 93 in 2013 in a period of ten years, which is a 34.4% improvement. The leadership roles and 

conditions that are critical and necessary to bring about change in the mining industry will be 

discussed in detail below (MHSC, 2003). 

According to Kouzes and Posner (1992:12), there are four dimensions inside and outside 

environments, present and future domains where one would find oneself, as leader, in the 

very middle balancing them all. Figure 2.8, illustrates the four roles critical for effective 

leadership. 
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Figure 2.8: Leadership roles ( Adopted from Kouzes and Posner, 1992) 

Direction setter 

The leader selects and articulates the target in the future external environment toward which 

the organisation should direct its energies, meaning the vision for the organization. To be a 

good direction setter, a leader must be able to set a course toward a destination that others 

will recognize as representing real progress for the organisation. A successful direction setter 

will establish a vision so compelling that everyone in the organisation will want to help to 

make it happen. However, it is the researcher’s opinion that the vision must be shared; all 

relevant stakeholders, more especially employees, must be involved so that they can take the 

ownership of the success of the vision. The researcher has also observed that health and safety 

targets for some of the companies are set without proper consultation with labour unions and 

employees.  It is also disturbing to note that some leaders and managers do not live the vision 

that they have established, with the result that health and safety standards will only be 
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adhered to when production is not under pressure. Integrity and exemplary leadership are 

key components for the reduction of accidents and injuries in the mining industry. 

The lack of integrity and credibility by leaders can also create a situation whereby all health 

and safety measures and programmes put in place by companies are compromised. For 

example, some of the companies are giving employees more incentives for production 

bonuses than for safety achievements. This situation gives rise to a culture of non-compliance 

because employees will ensure that they compromise safety to reach production targets and 

receive bonuses. This practice will also cause employees to doubt the commitment of 

management towards their health and safety. The researcher has further observed that some 

leaders preach safety first and production always, but more resources are allocated for 

production than for safety. Sometimes this practice is so obvious that employees can notice 

it, which amounts to dishonest communication, ultimately resulting in the leader losing 

credibility. 

Change agent 

The leader is responsible for catalysing change in the internal environments - for example 

personnel, resources and facilities, to enable an achievable vision in the future. To be a good 

change agent, a leader must be able to anticipate developments in the outside world, assess 

their implications for his/her organization, create the sense of urgency and priority changes 

that his/her vision requires in light of these developments, promote experimentation, and 

empower people to make necessary changes. A leader must be able to build flexibility in his 

organization and operations and encourage prudent risk taking.  

“An effective change agent or leader should have a mark of great leadership, which is the 

ability to understand the context in which he/she is operating and act accordingly”- Nelson 

Mandela (Crwys-Williams,1997: 70). “The leaders should master the context rather than 

surrender to it” Warren Bennis. According to Watson (1998: 147), organizations need to adapt 

to a changed world, and this process is unlikely to occur in the absence of powerfully effective 

leadership referred to as transformational leadership. Watson (1998: 128-129), further argues 

that, in times of change people feel a need for visionary and transformational leadership. 

A great leader must be able to take the organisation from “as is” to “as it should be”, just like 

the CIOM managed to create a vision for the industry through the MHSC. The MHSC has set 

milestones to reduce accidents by 20% every year for a period of ten years and this initiative 

reduced fatalities tremendously. Recently, CIOM reviewed critical mandatory codes of 

practices guidelines to ensure that zero harm to people, environment and equipment is 

achievable. These are continuous changes demonstrating the willingness of leaders to change 

the working environment and improve safety of the workers. 
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Spokesperson 

The leader, as a skilled speaker, a concerned listener, and the very embodiment of the 

organization’s vision - is the chief advocate and negotiator for the organisation and its vision 

with outside constituencies including internal stakeholders. He cannot advocate and negotiate 

with only external constituencies without engaging internal stakeholders such as employees, 

labour unions etc. as indicated in figure 2.8. 

To be an effective spokesperson, a leader must be the major negotiator with other 

organizations and the builder of external networks and internal relationships to provide useful 

ideas, resources, support or information for the organization. Honesty, integrity and 

implementation advocated by the leader, is as important as the vision. Failure of employees 

to trust management will result in failure of the vision. Honesty and integrity is very critical for 

a leader to be an effective communicator.  Leaders can use monthly company newsletters, 

communication forums, health and safety committee meetings and other forums to promote 

and support their vision. 

Coach 

The leader is a team builder who empowers individuals in the organization and passionately 

lives the vision, thereby serving as a mentor and example for those whose efforts are 

necessary to make the vision become reality.  An effective leader will let his people know 

where he/she stands, what vision means to him/her, and what he/she will do to make it 

happen. He will be committed to the success of everyone in his organisation, respecting them, 

building trust, helping them to learn and grow and teaching them how to constantly improve 

the ability to achieve the vision. A leader develops leaders, and allows them to lead as well.  

Nanus (1992: 12-13) further argues that these four roles - direction setter, change agent, 

spokesperson, and coach, together define the job of a visionary leader. They are all equally 

important and no one can be a successful leader without excelling at all of them. However, for 

a visionary leader to succeed, understanding and applying transformational leadership 

principles is also important and critical to ensure organisational success. Burns (2003) states 

that transformational leadership is a style of leadership where the leader collaborates with 

employees to identify the needed change, creating a vision to guide the change through 

inspiration, and executing the change tandem with committed members of the group. It also 

serves to enhance the motivation, morale, and job performance of followers through a variety 

of mechanisms which include: connecting the followers’ sense of identity and self to the 

project and the collective identity of the organisation, being a role model to followers, 
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challenging followers to take ownership for their work and understanding strengths and 

weaknesses of followers. 

Burns (2003) further argues that transformational leadership can be seen when leaders and 

followers assist each other to advance to a higher level of morality and motivations. Through 

the strength of their vision and personality, transformational leaders are able to inspire 

followers to change expectations, perceptions and motivation to work toward a common goal. 

However, a very interesting question was raised by Watson (1998: 149), e.g. whether leaders 

of organisations also need to be managers. Watson (1998: 149) argues that effective leaders 

in the organisation must be able to exercise managerial functions such as planning, budgeting, 

scheduling work and monitoring and evaluating performance against targets. The researcher’s 

opinion is that leaders also need to be good and effective managers. A leader should be able 

to plan and develop programmes to achieve his targets and goals, commit and manage 

human, capital and other resources to execute his plans, monitor and evaluate performance 

of followers against targets and develop control mechanisms to ensure that human, capital 

and other resources are effectively utilised. 

According to Hersey et al. (2001), the leadership style is also very critical and essential for a 

leader to be successful in leading his followers. Hersey and Blanchard (1993), define leadership 

style as the pattern of behaviours that leaders display during their work with and through 

others.  Miller et al. (2002), view leadership style as the pattern of interactions between 

leaders and subordinates. It includes techniques and methods used by leaders to motivate 

subordinates to follow their instructions. Mullins (1998) and Rollinson (2005) state that 

leadership can be classified according to the leader’s powers and behaviour as autocratic, 

democratic and lassez-faire, where styles are distinguished by the influence leaders have on 

their subordinates. Mullins (1998) further states that the influence of leadership will differ 

according to the power used by leaders over their subordinates. 

Kavanaugh & Ninemeier (2001) state that an autocratic style of leadership is embedded in 

leaders who have full organisational power and authority for decision making without sharing 

it with their subordinates. Kavanaugh & Ninemeier (2001) further argues that employees with 

different experiences and expectations require an autocratic leadership style. According to 

Kavanaugh & Ninemeier (2001), democratic style implies that leaders share their authority 

and decision making with their employees and delegates. Woods & King (2002) state that 

decentralised organisations prefer a democratic style of leadership. Employees who are more 

knowledgeable and experienced may work well under a democratic leadership style. 

Kavanaugh & Ninemeier (2001) define laissez-faire as a leadership style where leaders give 

their employees most of the authority over decision making. However, this leadership style, 
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which is sometimes called free rein style, is successful only when leading knowledgeable and 

experienced employees.  

It is therefore important for a leader to understand the context in which he/she is operating 

so that he/she can act accordingly (Cwrys-Williams, 1997:70). Basically, mine managers or 

leaders should know the strengths and weaknesses of their subordinates in terms of technical 

skills and ability, health and safety knowledge, mind-set etc. For example, a highly skilled TMM 

maintenance team can be allowed to take decisions on how to improve their working 

conditions without constant supervision. It is also vital for managers to identify important 

stakeholders and role players and their influence during their endeavours to reduce TMM 

accidents in their respective organisations. Unions, DMR officials are some of the important 

stakeholders who should be taken on board when important decisions are made, because 

without their valuable support, a company’s vision can fail. Hence it is important to 

understand one’s situation as leader or manager, so that one can take well informed decisions. 

Some of the researchers and scholars, Hidley (1998: 30-34) & Jones (2006: 82-88) as 

mentioned by O’Toole (2012) support the claim that effective leadership plays a major role in 

delivering safety excellence. Krause (2005) states that when senior management assigns 

safety priority and supervisors employ transactional leadership augmented by 

transformational leadership, it results in safety, including excellent productivity. 

The researcher has observed, more especially in small-scale mines, that managers and leaders 

do not practice safety through leadership. Employees are not issued with PPE, faulty machines 

are used, health and safety representatives are not appointed and procedures are not 

developed. These circumstances create a situation whereby management commitment 

towards health and safety is doubted by employees. It is therefore the researcher’s opinion 

that health and safety cannot be improved and zero harm achieved in the absence of 

exemplary visionary and transformational leaders who are intelligent, energetic and above all, 

have integrity. 

The researcher is of the opinion that managerial and life skills are critical for a leader to be 

effective in his leadership. Leaders should be able to lead through sharing themselves openly 

and honestly (authenticity), by being passionate about the cause (passion), by taking the first 

step and having others following (self-confidence), effective communication and ability to 

relate to others (self-awareness) and empowering others by showing trust in people’s 

inherent capabilities. It is also vital that a leader should apply fair and consistent discipline 

throughout the organisation. Employees who are not adhering to rules and standards should 

be counselled instead of only taking disciplinary action as the corrective measure. However, 

gross negligence and ill-discipline should be dealt with harshly to promote accountability and 

responsibility. A fair process should be established and followed to determine gross 
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negligence, ill-discipline, mistake due to lapse in concentration and aptitude or attitude 

problems. This approach will assist to prevent a fear culture and also promote accountability 

and responsibility. 

2.7.2 Safety Culture 

According to O’Toole (2012), one of the challenges of safety leadership is to create the right 

culture in the organisation that encourages workers to circumvent the conditions necessary 

for an accident to take place. Krause (2005) as mentioned by O’Toole (2012), states that ‘an 

injury-free culture is one that doesn’t tolerate exposure to hazards’. Krause (2005) as stated 

by O’Toole (2012) further advocates ‘leading with safety’, which involves mobilising the 

organisation behind the prevention of workers being injured or killed, at work or at leisure. 

 

Dune and Andrew (2010) as stated by O’Toole (2012), support the findings by leadership 

scholars that leadership plays a vital role in creating the culture and mind-set for safety 

success. They highlighted several aspects of leadership that are required to create the right 

safety culture and mind-set which are care for people, consistent communication on safety 

issues and the firm but fair application of discipline.  

 

Carrillo (2010: 47-54) as mentioned by O’Toole (2012) acknowledges that changing culture 

is extremely difficult, and suggests that findings from major incident investigations resulting 

in increased rules and procedures will not achieve the desired culture change. Instead, it 

would be more fruitful that a discussion takes place with the workforce to find a solution 

based on divergent views. This will allow them to make sense of the problem and 

consequently form new beliefs and transform the culture that led to the incident. 

 

Krause and Weekley (2005: 34-40) as mentioned by O’Toole (2012) identified nine cultural 

characteristics shown to be predictive of excellent safety:  

 

• Teamwork – The effectiveness of workgroups in meeting targets and deadlines.  

• Workgroup relations – The degree to which co-workers respect each other.  

• Procedural justice – The level at which workers rate the fairness of first level supervisors.  

• Perceived organisational support – The level at which employees’ feel the organisation 

is concerned for their overall well-being.  

• Leader-member exchange – The strength of the relationship that workers feel they have 

with their supervisors.  

• Management credibility – The perception of consistency and fairness of management 

in dealing with workers.  

• Organisation value for safety – The perceived level of the organisation’s commitment 

to safety.  

• Upward communication – The adequacy of upward messages about safety.  
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• Approaching others – Probability that workers will speak to each other about 

performance issues.  

 

Krause and Weekley (2005: 34-40) as mentioned by O’Toole (2012) state that organisations 

with high levels of these characteristics tend to have better performance in critical business 

areas than companies who score low in these factors. The researcher, during his tenure as 

a mine inspector and mine manager, observed that lack of credibility by management led to 

non-compliance to legislation, disobeying of safety rules and non-adherence to standards 

by employees. The number of accidents and injuries also increased tremendously.  

 

At a mine, a legally appointed site manager forcefully instructed a Front End Loader (FEL) 

operator in writing to use a machine which was defective, despite the operator’s valid and 

fair objection to use the machine due to safety concerns. The operator reported this matter 

to the relevant mine manager, an investigation was conducted and disciplinary action was 

taken against the site manager. He was also instructed to leave the mine to protect the 

employee who reported this very serious safety violation and to demonstrate seriousness 

in terms of health and safety compliance. However, he was brought back to the mine after 

intervention by senior managers within the company. The reason given for his return was 

that production will suffer in his absence. He was again appointed as manager responsible 

for health and safety of employees under his charge. This site manager had no credibility to 

enforce compliance with safety rules and standards. Subsequent to his return, TMM related 

accidents and others increased. Operators started overspeeding, using cell phones whilst 

operating machines, overtaking around sharp curves, not adhering to traffic rules and signs, 

unsafe behaviours increased etc. Accidents increased to such an extent that the regional 

DMR office rated the mine in the top ten worst performing mines in the province.  

 

The handling of the above mentioned matter by management clearly demonstrated a lack 

of fairness by management in dealing with workers and accountability for safety. This also 

indicated a lack of commitment by the senior managers of the company towards health and 

safety of the employees. Basically, the entire management team lost credibility to instil 

discipline and consistency in terms of health and safety compliance and reduction of 

accidents. 

 

Erickson (1997: 29-33) as mentioned by O’Toole (2012) did a study to examine the 

relationship between corporate culture and safety excellence. The study results indicated 

that higher safety performance is achieved by continuous visible management support for 

the safety and health effort, and management concern and support for the employees. 

Management shows its support for safety by:  

• Being committed to the safety and health effort.  

• Managing safety and health in the same manner that productivity and quality are 

  managed.  
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• Integrating safety and health into all organisational functions, including strategic 

planning.  

• Becoming personally involved in the safety and health effort.  

• Assuming accountability for safety.  

• Visibly supporting the safety and health effort.  

According to Watson (1998: 118), all organizations have a culture; a set of beliefs, widely 

shared, about how people should behave at work and a set of values about what tasks and 

goals are important. It is important to note that culture brings people together and gives 

purpose and meaning.  Watson (1998: 123-124) further argues that the values of the role or 

bureaucratic spirit are rationality, order, integrity, service, efficiency, standardisation, 

conformity, seniority, and the like - which serve to unite people in a common concern for 

‘doing things right’. The Achilles’ heel of bureaucracy, however, is that doing things right is 

more important that doing the right things. A culture in which people are doing things right 

encourages compliance to the legislation, compliance to safety rules, adherence to safety 

standards and ultimately reduction of accidents and injuries. Most important is to start doing 

right things for the right reasons.  

Watson (1998: 124) also states that research has identified a number of cultural factors in 

common among poor performing organisations. These are: 

• Complacency, bordering upon arrogance, the need to invest in education and training. 

• Conservatism - lack of receptiveness to new ideas, resistance to change, hostility to 

new technology. 

• Production orientation, accompanied by strong scepticism about marketing and 

sustainability (Compliance). 

• Functionalism - concern for functional boundaries and professional rather than 

organizational standards of performance. 

• A secretive, closed climate in respect of information. 

• Tolerance of incompetence, low output norms and poor quality of service pervades 

the organisation. 

• Scepticism about the importance of human motivation, commitment, involvement in 

decision making and leadership in promoting organizational effectiveness. 

• A tendency to treat rules and procedures as ends in themselves, rather than as means 

to an end, coupled with strict adherence to the boundaries of jobs laid down in the job 

descriptions. “That is not my responsibility”. 

The researcher has observed that organisations that are resistant to change, hostile to 

technology and not receptive to new ideas are performing badly in terms of health and safety. 

For example, collision avoidance systems and proximity detection systems were introduced 
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to the mining industry about five years ago if not more. These systems are fitted onto TMM 

and pedestrians to avoid collision between TMMs and between TMM and pedestrians. 

However, some of the mines did not implement this technology until recently when the use 

of these systems was regulated and enforced by DMR health and safety inspectors. The early 

implementation of these systems could have assisted in avoiding TMM associated accidents, 

especially between large earthmoving equipment and light delivery vehicles and between 

large earthmoving equipment and pedestrians. 

Some of the industry leaders and mine owners, through the process of risk assessment, 

unrelentingly tried to challenge the implementation of these systems, citing the cost of 

installation and maintenance. This arrogant behaviour is compromising health and safety of 

employees and demonstrating poor commitment by management towards safety of workers 

within organisations.  In most cases, employees who are exposed to the danger of collision 

are not given the opportunity to decide which technology should be implemented to protect 

their own health and safety, which should not be the case. According to Northern Cape DMR 

2014, accidents associated with TMM are the highest in the province, indicating a need to 

holistically deal with all hazards and risks causing these accidents.  This poor performance by 

the Northern Cape Mines is unacceptable and avoidable. 

Watson (1998: 125-126) further argues that the principal challenges facing an organisation is 

to take the above mentioned cultures and change them into an organic culture mentioned 

below. In organic culture, power is widely distributed, and it is associated with expertise 

competence, talent and performance. The main common features of organic culture include: 

• Concern for the individual. This involves his/her personal training and development, 

providing job security and not discriminating between classes of people. 

• Building teams. Crossing disciplinary boundaries should be given greater emphasis 

than traditional formal hierarchical structures. 

• Concern for achievement. Goals are clearly stated, high performance standards are set 

and achieved. Above average performance is publicly and appropriately recognized. 

Promotion should reflect achievement rather than seniority. Poor performers should 

be dealt with humanely but not left in key positions. 

• Openness and trust. Information is widely shared and sensitive issues openly 

discussed. Belief in productivity through people. 

• Delegation, decentralisation and discretion. Employees are encouraged to use their 

judgement and discretion. 

• Innovation, new ideas are welcomed - in fact, they are actively sought. 

This list has much in common with the characteristics of competitive, progressive and 

sustainable companies globally. Workplace safety and a production forum have proved to 

be effective in ensuring that the above mentioned common features of organic culture are 
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achievable and companies stay competitive, progressive, sustainable and focused. In one of 

the researcher’s previous places of employment, the general manager formed a workplace 

safety and production forum which included all levels of management, employee health and 

safety representatives and labour unions. He consistently and fairly chaired all the forum 

meetings which were held on Wednesdays, on a weekly basis without fail. 

 

In this forum, all stakeholders were encouraged and allowed to openly suggest and 

recommend new and innovative ideas, and employees were also fairly rewarded for their 

best ideas, which were adopted and implemented accordingly. Strategic and operational 

challenges were openly discussed without any fear or favour, safety and production goals 

were clearly stated and consistent feedback was given as well.  Best performers were 

rewarded and their achievements were published in a company weekly newsletter. All 

issues discussed and decisions made during the forum were communicated to all employees 

across the organisation through the weekly newsletter. As a result, there were no labour 

unrests, health and safety performance improved and production increased. 

 

Hence the researcher fully concurs with the views of the above mentioned researchers, 

except Carrillo who states that increased rules and procedures will not change safety 

culture. The researcher is of the view that an increase in rules and procedures can change 

the safety culture and climate provided all relevant stakeholders are involved in developing 

and drafting these rules and procedures. Fair and consistent communication, application 

and enforcement of these rules and procedures by management is also critical to improve 

the safety culture and climate within organisations. It is further important that safety 

success should be deliberate because it does not happen on its own. Safety leadership is 

critical to create the right safety culture and climate within organisations, for long term and 

sustainable success. Leaders should inspire hope - nothing is as damaging to an organisation 

as the negative attitudes of its people. It is the leader’s uppermost responsibility to inspire 

hope and create a positive climate. 

 

2.8. Balancing and Integrating Incentives 

Mining companies and organizations typically as a rule reward employees by giving 

incentives for reaching health and safety targets, production targets, reduction on spending 

or cost management. In case they fail to reach these targets, they will be punished by not 

getting any rewards. In some cases, more incentives are given for reaching production 

targets as compared to health and safety targets, thus creating unhealthy competition 

between safety and production. 

 

Frankel (2011: 18-19) as mentioned by O’Toole (2012) states that many South African 

mining companies have not managed to align safety and productivity values into a single 

paradigm. O’Dea and Flin (2003: 1-67) as mentioned by O’Toole (2012) state that evidence 
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from investigations on accident causation suggests that managers do not balance safety 

with other organisational requirements, according to Wright (1986) & Pate-Cornell (1990) 

as stated by O’Toole (2012). Consequently, they balance safety against other 

responsibilities, including pressure to achieve high productivity and meet the schedule. 

O’Dea & Flin (2003) as indicated by O’Toole (2012) argue that decisions made by senior 

management will affect the attitudes, behaviours, and priorities of employees and 

managers at lower levels, and will greatly influence the emphasis they give to the competing 

values of safety and productivity. Wright (1986) as mentioned by O’Toole (2012), in his 

investigations into accident causes in the United Kingdom’s (UK) offshore oil industry, found 

that perceptions of productivity pressure can convince workers that taking short cuts is 

expected in carrying out their work. Hence, they focus their attention on completion rather 

than the safety aspects of the job. Carrillo (2005: 31-34) as mentioned by O,Toole (2012) 

describes the trade-off between safety and productivity as a paradox, “sets of opposites 

that appear to be in conflict, but are both needed for success”. She argues that it is essential 

for leaders to be able to understand and explain paradoxes. This speaks to a type of leader 

more attuned to 21st century paradigms, a leader who clearly understands that wrong 

leadership directly impacts on safety. 

 

Findings of the research work of Kotter and Heskett (1992) as mentioned by O’Toole (2012), 

also show that in 202 companies in the USA the strength of work culture is correlated 

positively with economic performance measures. Collins and Parras (1994) as mentioned by 

O’Toole (2012) came to similar conclusions after studying several companies over their entire 

histories. Companies with a strong positive culture outperformed similar companies by a 

factor of six and the general industry by a factor of fifteen. The culture of prioritising 

production over safety has a negative impact on safety and well-being of the workers. 

 

According to Hill (2005) as mentioned by O’Toole (2012), studies on the links between safety 

performance and production performance are many and varied, but most generally conclude 

that the productive work environment is a safer work environment. Peters (1989) states that 

organisations with clear safety objectives tend to be more productive. Gaetner et al., (1987: 

82-94) as mentioned by O’Toole (2012) further found evidence to suggest that companies with 

good safety records tended to have better productivity. Krause (2005) as mentioned by 

O’Toole (2012) states that a spin-off of achieving improved safety is that other operational 

parameters, such as productivity, also improves. 

 

In South Africa, accidents lead to workplace stoppages due to accident investigations and 

issuing of section 54(1) instruction/s by DMR mine health and safety inspectors. These 

instructions are issued to companies to halt operations until the conditions that caused the 

accidents have been rectified or corrected. Furthermore, employees who are supposed to be 

involved in productive work are expected to participate in accident investigation processes. 

Sometimes, when accidents take place, people who are supposed to be productive are injured 
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and equipment used for production is damaged, resulting in low productivity due to a shortage 

of manpower and/or equipment. 

 

Hill (2005) as mentioned by O’Toole (2012) states that a study performed in the USA by the 

US Bureau of Mines in 1976 found strong support for the hypothesis that climate and 

management practices have an effect on the incidence of disabling injuries. According to the 

researcher, based on arguments made by different researchers and scholars emanating from 

different research results, corporate culture and climate including leadership style, have a 

huge impact on behaviour of subordinates in a working place. Hence, it is critically important 

to discuss factors relating to behavioural issues influenced by organisational culture and 

climate. 

 

The researcher fervently believes that a world without a healthy and a safe worker, is a world 

denied hope and prosperity. He is further of the view that a safe working place is a productive 

working place.  The researcher through experience, observed that when safety comes first, 

production targets are always reached. Bonuses and incentives given to employees for 

reaching safety targets also influence the culture, climate and behaviour of the workers in a 

working environment, thus creating an unsafe working environment. Finally, incentives and 

bonuses must be equally distributed between safety and production because both are needed 

for success and sustainability of any organisation. 

 

2.9. Behavioural Issues Associated with Accidents in a Workplace 

Heinrich (1936) as stated by O’Toole (2012) conducted empirical research and concluded that 

88 % of accidents were caused by unsafe acts of the injured. Broadbent (2007) as mentioned 

in O’Toole (2012), stated that according to the DuPont organisation, as high as 96% of 

accidents are caused by unsafe acts by the injured. Heinrich (1936) as mentioned by O’Toole 

(2012) also viewed events leading to accidents as the ”domino effect” in which a sequence of 

human errors leads to the eventual accident taking place. 
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** 

Figure: 2.9. Holistic Approach- human, equipment and environment interface 

According to Kriege (2003), accidents in a workplace are more closely related to the behaviour 

of the victims than to their technical skills and competence. SAMRASS data show that the key 

issues are that human error, resulting from a lack of adherence to standard, is the major cause 

of transportation accidents. It shifts the emphasis from technical training to behavioural 

issues. Since the 1980s, improvements in engineering design have significantly reduced the 

number of accidents that result from technical failure. Good progress has been made in terms 

of transportation logistics that have lowered the risk of accidents resulting from poor planning 

(Kriege, 2003). 

However, according to Fourie (2003: 3), while failures of mechanical and environmental 

nature are major contributors, the human factor, which is the least understood and least 

predictable, has a significant influence on the greatest number of accidents associated with 

transportation and tramming. Fourie (2003) also argues that the emphasis on human error 

goes beyond the traditional narrow concept, which has tended to be restricted to simply an 

operator error being exemplified “driver error”. The wider concept should include all those 

aspects generally associated with an operation or system - from design, through education 

and training, installation, managerial leadership and operating stuff etc. 

Fourie (2003) found that traditionally, safety assurance has been largely reactive, with the 

primary aim of accident investigations focused on apportioning blame and avoiding repeats. 
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In part, this focus arose from the adoption of an over simplistic approach when establishing 

the causes, the accidents. The approach was based on the concept of identifying a single 

primary cause - either an unsafe act or an unsafe condition. In the former case, responsibility 

was clear and the blame could be apportioned. In the latter case, a technical solution could 

be sought. Part of this approach to accident investigation also arose from the fact that as a 

reactive approach, based on identifying a single primary cause, it was easier to handle. 

Fourie (2003), states that consideration of unsafe acts and unsafe conditions as independent 

causes of accidents do not allow for the fact that an unsafe act can create unsafe conditions, 

or for the fact that an unsafe condition can predispose an unsafe act. Unsafe acts have focused 

almost exclusively on errors made by the people or employees who had the accidents, or 

those close to hand when the accident occurred. The managers, designers, engineers, 

supervisors etc., whose actions (Inaction) may have created the circumstances whereby 

“operator error” became more likely, have often escaped attention. Such analysis leaves out 

the all important question of what caused the operator to err. Often the causes can be 

attributed to faulty equipment design, inadequate or improper instruction and training and 

unsafe management policies (Fourie, 2003). 

Fourie (2003) advocates that if accidents, and particularly transport and tramming accidents, 

are to be prevented in future, there is little value in simply blaming people for their mistakes 

unless a detailed understanding of what caused the mistake can be initially established. Only 

the understanding of all the issues that caused, or could cause an accident, is possible to 

effectively prevent future occurrences. Hermanus (2007) argues that incidents may have 

many causes including ergonomics, the work environment, work organisation, process safety, 

an abnormal work situation such as long working hours, and the employer’s responsibility to 

ensure that safe working environments and safe systems are provided as indicated in figure: 

2.9. 

Kriege (2003) believes that accidents are mostly caused by human behaviour more than any 

other issue, but also believes that operational and system issues lead to human error. He also 

found that blaming employees was the easiest to do rather than finding the real causes of the 

accidents. The SAMRASS data that Krieg (2003) used indicated that human error was the cause 

of accidents because finding from the previous accidents’ investigations focused on finding 

the culprit or blaming a person. 

During his tenure as Inspector of Mines, the researcher observed that more emphasis was 

placed on equipment/machinery and environment related hazard identification and risk 

assessment. Continuous hazard identification and risk assessment for the environment or 

working places in the form of safe declarations and daily HIRA is conducted on a daily basis 

prior to the start of a work shift. It is concerning that no evaluation is done on a daily basis to 

determine the fitness of the operator to operate the machine, taking into account his physical, 

emotional and psychological well-being. 
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Safe declaration is a requirement of regulation 14.1 of the mine health and safety act, which 

states that at every other mine where a significant risk of rock burst, rock falls or roof falls 

exists, the employer may not permit any person, other than those persons examining and 

implementing safety measures, to enter any of the following areas at the mine until such areas 

are declared safe by competent persons: 

a)  The area between the face and the nearest line of permanent support. 

b)  Access ways, travelling ways or places where persons need to travel or work. 

This regulation is a clear indication that a working place must be inspected to ensure that 

people are working in a risk free environment. 

Subsequent to completion of inspections of working places by a competent responsible 

person, a working place safe declaration form should be completed and signed by a competent 

person as proof that indeed inspections were conducted. These forms are filed and kept safe 

for a period of three months for auditing and inspection purposes. 

A similar approach exists to ensure continuous hazard identification and risk assessment for 

machinery /equipment. Guidelines for the compilation of a mandatory code of practice: 

trackless mobile machines, issued by the Chief Inspector of Mines, under aspects to be 

addressed in the COP (maintenance and inspection of trackless mobile machines), requires 

the use of a pre-use checklist to identify components critical for the safe operation of the type 

of trackless mobile machines and keeping of such completed checklists for three months. The 

conditions under which trackless mobile machines can be operated must be stipulated in the 

pre-use checklist.  

However, very little is done to ensure that TMM operators are healthy and fit to operate and 

use machines on a daily basis. No continuous evaluation and assessment of their physical, 

mental or psychological and emotional well-being is done and documented, despite the fact 

that research indicates that behaviour of people and human error are the major cause of 

accidents. The only time physical and mental/psychological evaluations and assessments are 

done is during initial, periodic and exit medical examinations by an occupational health 

practitioner (OHP) and an occupational medical practitioner (OMP). Initial and periodic 

medical examinations are done annually and terminate when a person leaves the employment 

of a company.  It is also a very serious concern that mental and psychological evaluations and 

assessments are not conducted by qualified psychologists or mental health practitioners. 

Supervisors of TMM operators are not trained and capable to understand the holistic well-

being of a person. 
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HOLISTIC MIND THERAPY  

 

Figure 2.10: Holistic Mind Therapy (Adopted from Dr. V.G SINGH) 

 

When leaders and managers fail to understand people holistically as human beings, they treat 

people as human resources and things. Sometimes leaders do not understand the physical 

capabilities, the passion, knowledge and skills and the meaning and purpose of their followers 

or workers as indicated in figure 2.10. Strategic objectives of the company are not discussed 

with the workers and company vision is not communicated either. This attitude clearly 

demonstrates that people are indeed treated as objects or just human resources. Under these 

circumstances, a culture of compliance and non-commitment is created (Covey.R.2005:70-

71).  

 

The researcher supports the holistic mind therapy approach when dealing with human beings 

in a workplace, if accidents associated with trackless mobile machines are to be prevented or 

reduced, the physical, intellectual, emotional and spiritual well-being is of the utmost 

importance to ensure the mental ability of a person to carry out his duties safely and behave 

appropriately (figure 2.10). Each aspect is interconnected and directly affects and impacts on 

others. 
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Spiritual

Physical
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Physical well-being means respecting and taking care of your body by achieving a high state 

of well-being that includes physical fitness, physical nutrition and physical/personal care 

(www.lifestyle.org.Accessed on 16 May 2016). It also encompasses a variety of healthy 

behaviours including adequate sleep, regular exercise, proper nutrition, and abstaining from 

harmful habits such as using drugs and alcohol, which includes the ability to identify diseases 

and protect yourself from physical injuries and harm. A healthy body will result in a healthy 

mind (www.NDU.edu. Accessed on 16 May 2016). 

 

Intellectual well-being or wellness dimension encourages openness to new ideas, motivation 

to master new skills, a sense of humour, creativity and curiosity. People who pose high levels 

of intellectual wellness have an active mind to grow, learn and engage the brain to prevent 

memory loss (www.NDU.edu.Accessed on May 2016). It is also achieved through curiosity, 

openness to new ideas, a capacity to question and think critically, and a strong desire to learn. 

Intellectual wellness encourages creative stimulating mental activities (www.lifestyle.org. 

Accessed on 16 May 2016).  

 

Emotional well-being refers to the ability to recognize, understand, accept and effectively 

manage your thoughts, feelings and incoming stressors in a manner that enables a person to 

maintain a positive emotional state where a person feels content, joy, love and happiness. A 

mind of an unhappy person cannot function properly (www.lyfestyle.org. Accessed on 16 May 

2016). Emotional wellness encompasses optimism, self-esteem, self-acceptance and the 

ability to share feelings (www.NDU.edu. Accessed on 16 May 2016).  

 

Spiritual well-being or wellness is the quest of discovering meaning, value and purpose in life 

that result in hope, joy, courage, inner peace and gratitude as well as demonstrating it through 

behaviours (www.lifestyle.org. Accessed on 16 May 2016). It is therefore vital to consider all 

the above mentioned mental aspects that influence the behaviour of operators when 

assessing their mental ability to operate and use machines as indicated in figure 2.10. 

  

These are some of the behavioural issues associated with trackless mobile machines 

accidents: 

 

• Lack of adherence to standards and procedures, example, procedures on traffic 

management. 

• Failure to respect health and safety rules by supervisors and employees. Supervisors 

forcing employees to operate faulty machines, failure to conduct risk assessment, 

employees not conducting pre-use inspection etc. 

• Failure to obey traffic rules, for  example, exceeding speed limits, failure to stop at 

stop signs. 

• Use of cellular phones whilst operating machines. 

• Failure to adhere to following distance. 

http://www.lifestyle.org.accessed/
http://www.ndu.edu/
http://www.ndu.edu.accessed/
http://www.lifestyle.org/
http://www.lyfestyle.org/
http://www.ndu.edu/
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• Employees operating machines without authorisation. 

• Overtaking around bends and sharp curves. 

• Negative attitude towards safety. 

• Shortcuts taken by managers, supervisors and employees, for example, allowing 

operators to operate machines without: risk based health and safety training, valid 

certificate of competency to operate a machine, valid certificate of fitness etc. 

• Horse play. 

• Failure to respect machine working area, entering the area where machines are 

working without notifying the operator or supervisor. 

 

2.10. Hazards and Risks Leading to Accidents and Injuries with Trackless Mobile Machines 

Heinrich, (1936) as mentioned by O’Toole (2012), conducted empirical research and 

concluded that 88% of accidents were caused by the unsafe acts of the injured. According to 

O’Toole (2012), the Du Pont organisation states that as high as 96% of accidents are caused 

by unsafe acts of the injured. Kriege (2003) further argues that accidents in a workplace are 

more closely related to the behaviour of the victims than their technical skills and 

competence.  

According to Fourie (2003: 4), if accidents, and particularly transport and tramming accidents, 

are to be prevented in future, there is little value in simply blaming people for their mistakes 

unless a detailed understanding of what caused the mistake can be initially established. Only 

through understanding all the issues that caused, or could cause, an accident, it is possible to 

effectively prevent future occurrences. It is therefore necessary to take a holistic approach in 

determining the causes of accidents as indicated in figure 2.9 

 

According Health and Safety Authority (1999), the guidance for carrying out risk assessment 

at surface mining operations document, the main hazards arising from the use of large earth 

moving vehicles are: 

 

• Incompetent drivers; 

• Brake failure; 

• Lack of all-around visibility from the driver’s position; 

• Access to the cab; 

• Vehicle movements particularly reversing, roll over; 

• Vibration; 

•  Noise; 

• Dust and maintenance.  
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Health and Safety Authority (1999) further states in a guidance document to carry out risk 

assessment at surface mining operations, that those most at risk are the driver, the 

pedestrians likely to be struck by the vehicle, and drivers of smaller vehicles, who cannot be 

seen from the cabs of large vehicles. Visibility defects can be eliminated by the use of visibility 

aids such as Closed Circuit Television (CCTV) rear view cameras with monitors situated in the 

driver’s cab, radar and suitable mirrors. Closed circuit cameras are particularly helpful when 

reversing towards the edge of a working bench or tipping loads into primary crushers. Edge 

protection is always necessary to prevent inadvertent movement over the edge of a roadway, 

a bench or into a crusher or hopper.  

 

Health and Safety Authority (1999) mention that seat belts will protect drivers in the event of 

a vehicle roll. According to Health and Safety Authority (1999), the risk of drivers falling as they 

gain access to and egress from cabs can largely be eliminated by the provision and 

maintenance of good access to the cabs and other parts of large vehicles where access is 

necessary. Any working platform on the vehicle should be suitably protected by outer edge 

rails. 

 

Health and Safety Authority (1999) maintains that good maintenance and regular testing are 

necessary to reduce the possibility of brake failure. Health and safety Authority (1999) 

recommend that an area should be set out as a testing area where daily tests are carried out 

on the effectiveness of a vehicle’s braking system.  According to Health and Safety Authority 

(1999), accidents often occur when vehicles break down. Dumper and similar tipper vehicles 

should be provided with a scotch or prop to prevent the free fall of components should the 

hydraulic ram system fail. Access to the vehicles should always be restricted to those people 

necessary for the work in hand. 

 

According to Md-Nor et al. (2008), Mine Health and Safety Administration (2007) records 

indicated that there was a total of 43 fatalities between 1995 and 2006, relating to operating 

a loader. It was indicated that all investigation reports also indicated the causes of fatalities, 

which are similar to those mentioned below by Fourie (2003).   

 

Md-Nor et al. (2008), also determined that 25 out of 43 victims were not equipment operators. 

A total of 10 hazards were identified in the hazard inventory Table. The hazards, their 

probability and severity are shown in table 2.3. 
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Table 2.3: TMM Hazard inventory (Adopted from Md-Nor et al., 2008) 

 
 

Fourie (2003) advocates that some of the causes of Trackless Mobile Machines related to 

accidents and injuries are: 

• Failure by designers and manufactures of mobile trackless equipment to adequately 

consider the requirements of the operators and other members of the transport teams 

in the original design of the equipment used. 

• Failure by in-house designers and manufacturers of mobile trackless equipment to 

adequately consider the requirements of the operators and other members of the 

transport teams in the original design of the equipment used. 

• Insufficient consideration is given of the requirements in the design of roadways and 

transport activities of ancillary equipment. 

• Failure to provide for safe transport and transport operation during mine planning and 

design of general mine infrastructure. 

• Poor design features contributing to the difficulties of operating a machine. 

• Poor maintenance of Trackless Mobile Machines. 

• Failure to adequately maintain environmental conditions. 

• Failure to provide adequate resources, resulting in improvisation leading to failure to 

take the appropriate precautionary measures, causing the standard of safety to 

collapse. 

• Reactive formulation of health and safety procedures relating to Trackless Mobile 

Machines. 

• Outdated codes, rules and procedures which do not reflect the reality or change 

conditions and working standards. 

• Vague and conflicting, impractical written procedures relating to Trackless Mobile 

Machines, leading to confusion. 

• Failure to cover critical situations and activities in COPs, rules and procedures. 

 Hazard Inventory Table 

Year

Hazard `95 `96 `97 `98 `99 `00 `01 `02 `03 `04 `05 `06 S

1. Failure to follow adequate maintenance 

procedure 0 2 3 0 0 2 0 0 1 0 1 2 11

2. Failure of mechanical /electrical /hydraulic 

components 1 2 2 1 0 0 0 3 0 1 0 0 10

3. Failure to identify adverse site /geological 

condition 2 0 0 0 1 1 0 1 0 0 2 0 7

4. Failure to respect equipment working area 0 0 0 0 0 1 0 1 2 0 0 2 6

5. Failure to adequate sign /signal 1 0 0 0 0 2 0 0 0 0 0 0 3

6. Failure to set parking brake before leaving 

equipment 0 0 1 0 0 0 0 0 0 0 1 0 2

7. Failure to provide adequate illumination 0 1 0 0 0 0 0 0 0 0 0 0 1

8. Failure to wear seatbelt 0 0 0 0 0 0 0 1 0 0 0 0 1

9. Unfavourable weather condition 0 0 0 0 0 0 0 1 0 0 0 0 1

10. Failure to provide adequate berm 0 0 0 0 0 0 0 1 0 0 0 0 1
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• Failure to communicate procedures, rules and to the workforce, including inconsistent 

communication of new rules and procedures. 

• Failure to adequately manage contractors. 

• Attitudes of Management and employees towards safety. 

• Ineffective and inadequate training on occupational health and safety issues relating 

to Trackless Mobile Machines. 

• Ineffective and inadequate safety assurance systems resulting in failure to conduct 

safety inspections and planned task observation, failure to use the TMM pre-use 

inspection procedures, failure to prevent unauthorised entry to the mine and lack of 

feedback from incident and accident investigations reports. 

 

It is also critical to understand that some, if not all factors (hazards and risks) contribute to 

accidents associated with TMM, such as lack of systematic approach and management, failure 

to take a holistic approach when identifying hazards and managing risks, including working in 

silos of different departments within the organisation, to mention a few. 

 

All departments within the organisation have a role to play in reduction of accidents 

associated with TMM (as indicated in figure 2.11), hence a holistic and integrated approach is 

required to prevent such accidents. The following discussions will give a fair understanding of 

the holistic approach and expectations from different departments: 

 

Everything starts with production because business must produce to be sustainable. 

Production targets are set as part of the annual business plan (ABP), sometimes so high 

that financial and human resources are put under pressure to achieve these targets. 

Mining department personnel have the responsibility to produce and use machines as 

per the OEM specifications and applicable legislation to prevent breakdowns and 

accidents. Increase in production targets increase accidents because of an increase in 

machinery required to produce. The researcher has observed that increase in 

production targets leads to increase in TMM related accidents. Reasonable and 

achievable targets should be set to prevent unnecessary accidents. 

 

• The procurement team has the responsibility to purchase machines/equipment 

and parts for the machines as per mine planning and design parameters including 

applicable legislation. 

• Human resources department must recruit competent people to operate and 

maintain machines required for production. Recruitment policy and strategy 

should be in line with the requirements of CIOM guidelines on safe operation of 

TMM. Strategy to retain and develop/train competent employees must also be 

developed and fairly implemented. Disciplinary procedures must also be 
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developed and fairly and consistently applied to ensure that unacceptable 

behaviour or deliberate non-compliance is corrected. 

• The Safety, Health, Environment, Quality (SHEQ) department has a responsibility 

to ensure that health and safety legislation is complied with, standards are 

adhered to and systems are in place to manage health and safety in the workplace. 

This can be done through inspections, audits, a health and safety promotion 

program, behaviour based safety program etc. 

• The engineering department has a responsibility to maintain machines as per OEM 

standards and specifications and keep maintenance records. The engineer and his 

team have the responsibility to ensure that the operational/production team is 

utilising machines within their operational capacity and abuse of machines is not 

taking place. The function of this department is also to advise the 

operational/production team during mine planning and design, finance and other 

departments to ensure that appropriate equipment is purchased and health and 

safety standards are met. 

• Finance specialists have the responsibility to ensure that finance is available to 

purchase machines, ensure compliance to relevant and applicable legislation, and 

recruit suitable and competent persons. They must also monitor that the allocated 

budget is utilised correctly. 

 

 

 
Figure 2.11: Systematic Approach Model 
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However, it is also important to note that these departments, though they have 

different functions and responsibilities, are interdependent. They operate like a 

system, they are a set of interconnected elements, of which all must be present and 

functioning and all must be connected in a proper way. No department can succeed 

on its own or as  a part, it must be a whole. This is elaborated as indicated in figure 

2.12 below: 

• For example, increase in production targets has a direct impact on safety 

related to TMM. More equipment/machines and skilled people will be required 

for drilling, blasting, loading and hauling, meaning there will be more machines 

and people in a working space. High standards of discipline will be required as 

well. 

• Procurement/finance has to buy machines or get contractors to assist in mining 

processes. However, procurement cannot purchase machines unless they have 

the following information/inputs from  other departments: 

 

Mine planning and design: sizes of haul roads, gradients of haul roads and 

working areas, traffic management plan etc.  

 

SHEQ:  has to ensure quality and compliance by advising and assisting on legal 

requirements such as HIRA, COPs and SOPs, ergonomics, operator 

fitness, appointments of competent persons to operate and maintain 

machines, contractor management etc. If unsuitable machines are 

purchased, safety hazards and accidents will increase and production 

will also decrease. 

Finance: Availability of financial resources to purchase and maintain machines 

is very critical. Machines which are not propely maintained are a very 

serious safety hazard and cause accidents. In case the mine does not 

produce there will be no money to purchase and maintain machines and 

recruiting competent persons to maintain and operate machines will 

not be possible. Finance is also required to assist in managing health and 

safety related systems and programs and motivating employees 

through payment of performance bonuses. 

Human resources: To ensure that training and  skills development is taking 

place thus ensuring good discipline, compliance to safety rules and 

standards, increase in productivity, improved safety records, 

stakeholder satisfaction (unions and DMR) etc. 

 

In summary, as indicated in figure 2.12,  an excellent safety record and good 

productivity is achievable when employees are adequately trained/educated 

and proprely skilled. In most cases, properly skilled individuals are highly 

disciplined and motivated to perform at the highest level. Competent and 
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skilled employees are capable of improving quality, maintaining high health 

and safety performance and ensure overall compliance. Improved quality and 

compliance have a direct positive impact on health and safety performance and 

an excellent safety record. However, these achivements may lead to  

stakeholder satisfaction (DMR, Unions), creating pressure to either improve or 

maintain the status quo. To sustain the highest level of performance and 

achieve more, requires a very high standard of discipline from both 

management and employees. The above analysis highlights the importance of 

a systemic approach to assist in achieving the objectives of the organisation. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2.12 Inter-departmental relation model 

 

2.11 Conclusion 

In conclusion, Hermanus (2007), states that the efforts to improve Occupational Health 

and Safety and to respond to changes in the sector are constrained by a lack of training 

and consistency in risk management, guidance for juniors, small and Artisanal miners, 

and holistic approaches to risk (as indicated in figure 2.10). For example, treating risk 

holistically would involve taking proper account of contractors and women in the 

workplace and attending to human, workplace and environmental factors including 

ergonomics. A holistic and systemic approach to manage risk, which includes man, 
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machine/equipment and environment interface is critical if accidents associated with 

trackless mobile machines are to be addressed. 

 

Hazard identification and Risk assessment (HIRA) is extremely important to accident 

prevention, compliance with relevant and applicable health and safety legislation, i.e. 

MHSA and development of health and safety management systems. However, to 

ensure that HIRA is adequately conducted, legislation is comprehensively complied 

with and the health and safety plan is implemented, an adequately trained/ competent 

and motivated workforce is required. Effective leadership also plays a very critical role 

in influencing the entire workforce to implement or carry out activities that will ensure 

that the objectives of accident prevention and reduction are realised. Visionary 

leadership is critical to set clear health and safety objectives, targets and goals and 

influence the entire workforce to ensure that objectives and targets of the 

organisation are realised. 

 

It is also imperative that leaders and managers create a climate/culture and working 

environment or conditions that are conducive to achieve health and safety objectives 

and targets of the organisation. To create a climate/culture that is conducive to 

prevent and reduce accidents, exemplary leadership is mandatory.  This should also 

include a demonstration of prioritising health and safety by giving incentives and 

bonuses when targets are met, conducting of visible felt leadership (VFL) and 

continuous engagement of the workforce. Managerial leadership skills for leaders and 

managers are also important to influence the workforce to change their attitude 

towards safety and ultimately their unsafe behaviours leading to accidents. 

 

Finally, the researcher through his experience as a mining personnel, observed that 

constant failure to effectively, adequately and more importantly holistically and 

systematically address the above mentioned factors, is a serious challenge in the 

mining industry.  Failure of the industry, more especially small-scale miners to address 

the above mentioned factors which were discussed in the research, zero harm to 

people, environment and equipment is virtually impossible. Safety success should be 

deliberate, it cannot happen on its own or by chance. Relentless effort by leaders, 

managers and all stakeholders is required through provisioning of adequate human 

and financial resources. 
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Chapter 3: Results, Findings and Discussions 

3.1 Introduction 

This chapter furnishes an analysis and synthesis of the data obtained through research. It tests 

the constructs in relation to theory. Results are interpreted in appropriate forms, and findings 

are also thoroughly discussed. Information is collected and captured on computer as numbers 

(raw data), the analysis process starts with descriptive statistics (Maree, 2012: 183). 

3.2 Sample Results Analysis 

A sample of 120 questionnaires containing 43 questions each were completed and sent back 

by the respondents, including biographical data of the participating mines. A total of 23 open-

cast/surface mines in the Northern Cape Province participated in the study, with individual 

respondents/participants completing the questionnaires. The number of questionnaires 

completed and received from individual respondents in different mines were not the same 

due to different numbers of people employed and organisational structures. Respondents in 

four mines did not complete distributed questionnaires as requested, translating to 17.3% 

non-compliance. However, the unit of analysis is not individual mines, but the participants in 

open-cast/surface mines in the Northern Cape Province. 

Likert-type 5 scale was used to rate statements regarding causes of accidents associated with 

TMM. The questionnaires were issued to a specific target group which is known to possess 

information and the ability to complete the questionnaire correctly and objectively. This 

target group included mine management, engineers, health and safety practitioners, 

production supervisors, TMM maintenance personnel, TMM operators etc. Some of these 120 

questionnaires contained one or more errors, ranging from inadequate completion, omitted 

sections and some did not attempt it at all. 

 

3.3 Data Results Analysis  

3.3.1 Biographical Data Results Analysis 

The participating mines represent a mix of provincial magisterial districts, types of 

commodities mined or minerals exploited, size (tonnage mined and number of employees), 

number of TMM in use and total kilowatt output power. This information indicates that the 

participating mines are fairly distributed across prominent mining areas across the province. 

It further indicates the minerals that are exploited, the sizes of mines in terms of tonnage 

mined and the number of employees and TMM in use. This is also a reflection of inclusiveness 

of data collected, thus supporting the credibility and validity of the research. 
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3.3.1.1 Location of Participants 

Table 3.1: Number of participating mines per magisterial district. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

MAGISTERIAL DISTRICT NUMBER OF MINES 

ALEXANDER BAY 1 

BARKLEY WEST 2 

DANIELSKUIL 1 

KIMBERLEY 2 

KURUMAN 1 

OLIPHANTHOEK 1 

POSTMASBURG 7 

WINDSORTON 8 

Others 0 
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Figure 3.1:Graphical presentation of participating mine per magisterial district  

 

3.3.1.2 Commodities Mined by Participant Mines  

Table 3.2: Number of participating mines per commodity. 

COMMODITY 
NUMBER OF PARTICIPANTS 

DIAMOND ( Di) 10 

LIME ( Li) 2 

MANGANESE ( Mn) 3 

IRON ORE ( Fe) 4 

SAND 1 

DOLORITE 2 

CLAY 1 

OTHER 
 

0
1
2
3
4
5
6
7
8
9

No. of Participants
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Fig. 3.2: Graphical presentation number of participating mines per commodity 

 

3.3.1.3 Size of Participating Mines. 

Table 3.3: Number of participating mines per size. 

 

 

 

NUMBER OF PARTICIPANTS 

≥ 2500kW 14 

 

< 2500 kW 9 

 

 

0

2

4

6

8

10

12

No. of Participants

No. of Participants



P a g e  | 84 
 
 

 

 

 

 

 

 

 

 

                  
Figure 3.3: graphical presentation of number of participating mines per size 

 

3.3.1.4 Number of Participants per Occupation 

Table 3.4 Number of participants 

 

OCCUPATION/ POSITION NUMBER 

MANAGER 16 

ENGINEER 7 

PRODUCTION SUPERVISOR 18 

MAINTENANCE SUPERVISOR 13 

T.M.M OPERATOR 52 

SAFETY PERSONNEL 13 

OTHER 1 

 

3.2.1.4 NUMBER OF PARTICIPANTS PER OCCUPATION 
Table 3.4:  Number of respondents per occupation. 
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Figure 3.4: Graphical presentation of number of participants per occupation 

 

3.2.2 Summary of results 

Information (data), were collected and captured on computer as raw data, and a statistical 

analysis (descriptive statistics) was conducted to enhance the understanding of the properties 

of this data. The numerical way of summarising this data is by means of a mean, standard 

deviation (SD) and frequency distribution. A common factor analysis was also conducted to 

determine which factor is common to items measuring it. 

The summary of the results of statements concerning causes (hazards and risks) of accidents 

associated with trackless mobile machines in different surface mines in the Northern Cape 

Province, are indicated in table 3.5 below. Participants marked their choices in the rating 

column, using scales below to rate the statements regarding causes of accidents. 
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Table 3.5: Summary of results 

Statement Strongly 

disagre

ed 

Disagre

e 

Neither 

Agree/dis

agree 

Agree Strongly 

Agree 

Mean Standard

Deviation 

1. Failure to conduct effective and 

adequate hazard identification 

risk assessment relating to TMM. 

 10 

8,3% 

        3 

     2,5 % 

49 

40,8% 

50 

41,7% 

4,24 0,0883 

2. Failure to appoint/engage 

competent persons to ensure safe 

use of TMM-Engineer, 

maintenance team, Supervisors, 

operators/drivers etc. 

4 

3,3% 

14 

11,7% 

10 

8,3% 

43 

35,8% 

45 

37,8% 

3,96 1,130 

3. Failure by designers and 

manufacturers of mobile 

equipment to adequately 

consider the requirements of the 

operators and other members of 

transport teams in the original 

design of the equipment used. 

3 

2,5% 

20 

16,7% 

9 

7,5% 

51 

42,5% 

32 

26,7% 

3,77 1,117 

4. Failure to identify and control 

occupational health and safety 

risks from ergonomics related 

factors (workstation design, 

visibility, seat comfortability and 

position, access and exit) to 

decrease human induced error. 

3 

2,5% 

19 

15,8% 

3 

2,5% 

64 

53,3% 

25 

20,8% 

3,78 1,054 

5. Failure to follow adequate 

maintenance procedures. 

4 

3,3% 

11 

9,2% 

7 

5,8% 

54 

45,0% 

37 

30,8% 

3,96 1,052 

6. Failure of 

mechanical/electrical/hydraulic 

components. (Brakes, hydraulic 

pipes etc.) 

1 

0,8% 

19 

15,8% 

11 

9,2% 

45 

37,5% 

36 

30,0 

3,86 1,081 

7.  Failure to identify adverse 

site/geological condition - 

unstable side walls, benches, 

dykes etc. 

2 

1,7% 

17 

14,2% 

12 

10,0% 

47 

39,2% 

33 

27,5% 

3,83 1,078 

8.  Failure to respect equipment 

working area. 

 11 

9,2% 

3 

2,5% 

63 

52,5% 

37 

30,8% 

4,11 0,856 

9. Failure to give adequate signal by 

operator and any other person. 

21,7% 15 

12,5% 

5 

4,2% 

52 

43,3% 

40 

33,3% 

3,99 1,043 

10. Failure to adequately maintain 

environmental conditions - 

 19 

15,8% 

 

5 

4,2% 

51 

42,5% 

37 

30,8% 

3,95 1,030 
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Illumination, dust suppression 

etc. 

Statement Strongly 

disagree 

Disagre

e 

Neither 

Agree/dis

agree 

Agree Strongly 

Agree 

Mean Standard 

Deviation 

 Unfavourable weather conditions 
 rain, wind etc. 

1 

0,8% 

15 

12,5% 

9 

7,5% 

59 

49,2% 

29 

24,2% 

3,88 0,971 

11. Failure to control machine 

running out of control (No safety 

berms, lack of training of 

operators in emergency situations 

etc.) 

8 

6,7% 

14 

11,7% 

8 

6,7% 

58 

48,3% 

26 

21,7% 

3,70 1,159 

12. Failure to wear seat belts. 7 

5,8% 

14 

11,7% 

5 

4,2% 

52 

43,3% 

33 

27,5% 

3,81 1,179 

13. Failure to install a Proximity 

Detection System (PDS) on TMM. 

6 

5,0% 

16 

13,3% 

13 

10,8% 

37 

30,8% 

38 

31,7% 

3,77 1,224 

14. Insufficient consideration in the 

design of roadways and transport 

activities. 

7 

5,8% 

7 

5,8% 

17 

14,2% 

53 

44,2% 

28 

23,3% 

3,79 1,086 

15. Poor design features contributing 

to the difficulties of operating 

machines. 

7 

5,8% 

11 

9,2% 

15 

12,5% 

54 

45,0% 

25 

20,8% 

3,71 1,112 

16. Failure to provide adequate 

health and safety resources 

(Financial, human, material etc.) 

3 

2,5% 

19 

15,8% 

18 

15,0% 

42 

35,0% 

29 

24,2% 

3,68 1,121 

17. Failure to effectively and 

adequately identify and assess 

TMM fatigue related risks. 

2 

1,7% 

28 

23,3% 

9 

7,5% 

46 

38,3% 

27 

22,5% 

3,61 1,157 

18. Failure to implement effective 

and adequate fatigue 

management system/program 

related to TMM. 

3 

2,5% 

26 

21,7% 

5 

4,2%% 

52 

43,3% 

26 

21,7% 

3,64 1,154 

19. Failure to formulate health and 

safety procedures relating to 

TMM. 

6 

5,0% 

16 

13,3% 

10 

8,3% 

55 

45,8% 

25 

20,8% 

3,69 1,131 

20. Reactive formulation of health 

and safety procedures relating to 

TMM. 

2 

1,7% 

16 

13,3% 

16 

8,3% 

57 

47,5% 

24 

20,0% 

3,78 1,012 

21. Outdated codes, rules and 

procedures relating to TMM, 

which do not reflect the reality in 

working conditions. 

5 

4,2% 

14 

11,7% 

24 

20,0% 

42 

35,0% 

28 

23,0% 

3,65 1,116 

22. Vague and conflicting written 

procedures relating to TMM. 

2 

1,7% 

16 

13,3% 

14 

11,7% 

54 

45,0% 

27 

22,5% 

3,78 1,024 
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23. Failure to cover critical situations 

in COPs, rules and procedures. 

3 

2,5% 

15 

12,5% 

12 

10,0% 

60 

50,0% 

22 

18,3% 

3,74 1,011 

24. Failure to communicate 

procedures, rules to workforce. 

1 

0,8% 

18 

15,0% 

5 

4,2% 

59 

49,2% 

31 

25,8% 

3,89 1,011 

25. Failure to obey safety rules and 

procedures. 

      1 

    0,8% 

11 

9,2% 

3 

2,5% 

58 

48,3% 

41 

34,2% 

4,11 0,919 

26. Attitudes of Management and 

employees towards safety. 

3 

2,5% 

19 

15,8% 

16 

13,3% 

40 

33,3% 

35 

29,2% 

3,75 1146 

27. Failure to adequately manage 

contractors using TMM. 

4 

3,3% 

17 

14,2% 

17 

14,2% 

46 

38,3% 

28 

23,3% 

3,69     1,115 

28. Ineffective and inadequate 

training on occupational health 

and safety issues relating to TMM. 

2 

1,7% 

17 

14,2% 

7 

5,8% 

51 

42,5% 

34 

28,3% 

3,88 1,068 

29. Lack of training plan and program 

relating to TMM. 

3 

2,5% 

24 

20,0% 

6 

5,0% 

43 

36,7% 

34 

28,3% 

3,74 1,189 

30. Ineffective and inadequate safety 

assurance system. 

3 

2,5% 

19 

15,8% 

15 

12,5% 

46 

38,5% 

30 

25,0% 

3,72     1,114 

Statement Strongly 

disagree 

Disagre

e 

Neither 

Agree/dis

agree 

Agree Strongly 

Agree 

Mean Standard 

Deviation 

31. Failure by management to 

conduct safety Visible Felt 

Leadership. 

4 

3,3% 

21 

17,5% 

8 

6,7% 

56 

46,7% 

25 

20,8% 

3,68 1,117 

32. Failure by management to 

provide health and safety 

leadership (vision, objectives and 

targets) relating to TMM. 

3 

2,5% 

17 

14,2% 

12 

10,0% 

57 

47,%% 

25 

20,8% 

3,74 1,048 

33. Failure to create a culture and 

mind-set of safety (bonuses paid 

for good safety performance, 

communication etc.) 

4 

3,3% 

15 

12,5% 

13 

10,8% 

53 

44,2% 

29 

24,2% 

3,77 1,081 

34. Failure to prioritise safety the 

same as production. (More 

incentives and bonuses for 

production rather than for safety). 

1 

0,8% 

14 

11,7% 

12 

10,0% 

49 

40,8% 

37 

30,8% 

3,95 1,007 

35. Failure to conduct safety 

inspections and planned task 

observations (PTO). 

    10 

15,0% 

6 

5,0% 

    57 

  47,5% 

32 

26,7% 

3,91 0,987 

36. Failure to prevent unauthorized 

use of TMM. 

7 

5,8% 

   25 

20,8% 

3 

2,5% 

45 

37,5% 

32 

26,7% 

3,63 1,281 

37. Failure to make effective use of 

TMM pre-use inspection. 

5 

4,2% 

18 

15,0% 

5 

4,2% 

45 

37,5% 

38 

31,7% 

3,84 1,195 

38. Failure to effectively determine 

the state of health of TMM 

6 

5,0% 

12 

10,0% 

5 

4,2% 

49 

40,8% 

42 

35,0% 

3,96 1,147 
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operator prior to operating a 

machine (Physical, emotional, 

Psychological/mental well-being). 

39. Lack of accident reporting and 

investigation system. 

2 

1,7% 

26 

21,7% 

10 

8,3% 

42 

35,0% 

32 

26,7% 

3,68 1,172 

40. Ineffective accident investigation 

system (accidents investigation 

focus on apportioning the blame 

on either unsafe act or condition 

or blaming people for their 

mistakes). 

3 

2,5% 

25 

20,8% 

11 

9,2% 

40 

33,3% 

35 

29,2% 

3,69 1,198 

41. Lack of feedback from incidents 

and accidents investigation 

reports. 

2 

1,7% 

20 

16,7% 

11 

9,2% 

49 

40,8% 

31 

25,8% 

3,77 1,094 

42. Failure to prevent unauthorised 

entry to the mine. 

15 

12,5% 

19 

15,8% 

18 

15,0% 

31 

25,8% 

29 

24,8% 

3,36 1,381 

 

The mean for statement no. 1 is 4,24 as indicated in table 3.5 above, meaning that on average, 

112 respondents agree or strongly agree with the statement. It is therefore clear that failure 

to conduct effective and adequate hazard identification and risk assessment is causing 

accidents associated with TMM. 

Frequency distribution is a numerical way of summarising a variable or variable representing 

a question. In a distribution, the different response categories of the variable are shown 

together with the frequency (number) in each of the respondents, and also the frequency 

expressed as a percentage of the sample size, in each different category (Maree, 2012: 184). 

For example, in table 3,5 above, there were 112 respondents for statement 1, of whom either 

disagreed, neither agreed or disagreed, agreed, strongly agreed with the statement.  Of the 

112 respondents, 50 (41,7%) strongly agreed, 49 (40%) agreed, 3(25%) neither agreed or 

disagreed and 10 (8,3%) disagreed. 
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Table 3.6 Frequency distribution per item. 

Statement/ Variable 

Strongly 

Disagree Disagree 

Neither 

Agree or 

Disagree Agree 

Strongly 

Agree 

Failure to conduct effective and adequate 

hazard identification risk assessment relating 

to TMM. 0% 8,3% 2,5% 40,8% 41,7% 

 

 

Fig. 3.5 Frequency distribution pie chart 

 

This data is graphically summarised by means of a pie chart. In such a graph, the different 

categories are displayed as sectors of a circle, as indicated in Figure 3.5 above. The same 

principle will apply to all statements indicated in table 3.5 above. This analysis will assist to 

achieve primary and secondary objectives of the research. For example, in case a high 

percentage of respondents disagree with the statement, it indicates that a variable is not a 

significant contributing factor in causing accidents associated with TMM, and should not be 

prioritised as far as mitigating factors are concerned. 

 

Principal Component Factor Analysis, Rotation Method: Oblimin with Kaizer normalisation 

-Kaizer-Melkin-Olkin was done, as a measure of sampling adequacy. 

-Total variance explained, applying the extraction method: Principal Component Analysis.  

-Other important parts of the results produced by the factor analysis is the component, 

structure and component correlation matrices. 

-Eigen values of the correlation matrix were examined to determine the number of 

significant factors. 

8,3% 2,5%

40,8%

41,7%

Frequency distribution Pie Chart

Strongly Disagree Disagree Neither Agree or Disagree Agree Strongly Agree
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-The purpose of factor analysis is to determine which items “belong together” the sense that 

they are answered similarly and therefore measure the same dimension of factor, as indicated 

in table 3.7 below. Since the factor is common to the items measuring it, this technique is also 

known as common factor analysis (Maree, 2012:291). 

 

Table 3.7: Description of factors 

FACTOR ITEM 

1. Hazard Identification and risk 

assessment  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

Q1.Failure to conduct effective and 

adequate hazard identification risk 

assessment relating to TMM. 

Q2.Failure to appoint/engage competent 

persons to ensure safe use of TMM-

Engineer, maintenance team, Supervisors, 

operators/drivers etc. 

Q3.Failure by designers and manufacturers 

of mobile equipment to adequately consider 

the requirements of the operators and other 

members of transport teams in the original 

design of the equipment used. 

Q4.Failure to identify and control 

occupational health and safety risks from 

ergonomics related factors (workstation 

design, visibility, seat comfortability and 

position, access and exit) to decrease human 

induced error. 

Q7. Failure to identify adverse 

site/geological conditions- unstable side 

walls, benches, dykes etc. 

Q10. Failure to adequately maintain 

environmental conditions- Illumination, 

dust suppression etc. 

Q11. Unfavourable weather conditions- 

rain, wind etc. 

Q12. Failure to control machine running 

out of control (No safety berms, lack of 

training of operators in emergency 

situations etc.) 

Q14. Failure to install a Proximity 

Detection System (PDS) on TMM. 
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Q15. Insufficient considerations in the 

design of roadways and transport activities. 

Q16. Poor design features contributing to 

the difficulties of operating machines. 

Q18. Failure to effectively and adequately 

identify and assess TMM fatigue related 

risks. 

Q19. Failure to implement effective and 

adequate fatigue management 

systems/programs related to TMM. 

Q39. Failure to effectively determine the 

state of health of TMM operators prior to 

operating a machine (Physical, emotional, 

psychological/mental well-being). 

Q43. Failure to prevent unauthorised 

entry to the mine. 

2. Codes of Practice and Standard 

Operating Procedures 

Q20. Failure to formulate health and 

safety procedures relating to TMM. 

Q21. Reactive formulation of health and 

safety procedures relating to TMM. 

Q22. Outdated codes, rules and 

procedures relating to TMM, which do not 

reflect the reality in working conditions. 

Q23. Vague and conflicting written 

procedures relating to TMM. 

Q24. Failure to cover critical situations in 

COPs, rules and procedures. 

3. Training and awareness Q25. Failure to communicate procedures, 

rules to workforce 

Q29. Ineffective and inadequate training 

on occupational health and safety issues 

relating to TMM. 

Q30. Lack of training plan and program 

relating to TMM. 

4. Managerial Leadership Q17.       Failure to provide adequate health 

and safety resources (Financial, human, 

material etc.) 
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Q28. Failure to adequately manage 

contractors using TMM. 

Q32. Failure by management to conduct 

safety Visible Felt Leadership. 

Q33. Failure by management to provide 

health and safety leadership (vision, 

objectives and targets) relating to TMM. 

Q34. Failure to create a culture and mind-

set of safety (bonuses paid for good safety 

performance, communication etc.) 

Q35. Failure to prioritise safety the same 

as production. (More incentives and 

bonuses for production than for safety). 

Q36. Failure to conduct safety inspections 

and planned task observations (PTO). 

5. Accident reporting and investigation Q40. Lack of accident reporting and 

investigation systems 

Q41. Ineffective accident investigation 

system (accidents investigation focus on 

apportioning the blame on either unsafe 

acts or conditions or blaming people for 

their mistakes). 

Q42. Lack of feedback from incidents and 

accidents investigation reports. 

6. Health and Safety Management 

System 

Q31. Ineffective and inadequate safety 

assurance system. 

Q37. Failure to prevent unauthorized use 

of TMM. 

7. Behaviour of People (supervisors, 

employees) 

Q5. Failure to follow adequate 

maintenance procedures 

Q8.  Failure to respect equipment 

working area.  

9. Failure to give adequate signals by 

the operator and any other person. 

38. Failure to effectively use TMM pre- 

use inspection. 
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The Chronbach alpha was used to test the combination of items as a factor, as indicated in 

table 3.9 below. Cronbachs alpha of 0.7 and above is acceptable, indicating that internal 

reliability is good to use as a factor. Basically, it illustrates that items combine well as a factor. 

However, in case of only two or fewer items, a Cronbach alpha of lower than 0.7 is also 

acceptable to prove the combination of items as a factor. 

As indicated in table 3. 8 below, the mean ranges from 3,7120 to 3,9768, proving that all these 

factors are possible causes of accidents associated with TMM, the highest factor being the 

behaviour of people with a mean of 3,9768. 

 

Table 3.8: Descriptive factor analysis  

Descriptive Statistics 

  N Cronbachs Alpha Mean Std. Deviation 

Identification_Assessment 116 0.937 3,8011 0,80584 

Codes_Practice 114 0.907 3,7272 0,88688 

Training_Awareness 114 0.883 3,8319 0,97170 

Managerial_Leadership 115 0.881 3,7688 0,80213 

Accident_Report_Aware 114 0.897 3,7120 1,04102 

Health_Safety 115 0.657 3,6565 1,05624 

Behaviour_People 115 0.775 3,9768 0,81624 

Valid N (listwise) 113       

 

Correlation coefficient is a measure of strength of the relationship between two quantitative 

variables. 

As noted in table 3.9 below, there is a very strong relationship between all factors because 

the correlation coefficient between all factors is above 0.01. This illustrates that there is a 

strong tendency that inadequate and ineffective hazard identification and risk assessment will 

lead to ineffective training and awareness. 
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Table 3.9: Correlation of factors 

Correlations 

  

Identification

Assessment 

Codes 

Practice 

Training 

Awareness 

Managerial 

Leadership 

Accident 

Report 

Aware 

Health 

Safety 

Behaviour 

People 

Spearman's 

rho 

Identification 

Assessment 

Correlation 

Coefficient 

1,000 .839** .681** .723** .629** .682** .731** 

Sig. (2-

tailed) 

  0,000 0,000 0,000 0,000 0,000 0,000 

N 116 114 114 115 114 115 115 

Codes 

Practice 

Correlation 

Coefficient 

.839** 1,000 .715** .668** .593** .642** .602** 

Sig. (2-

tailed) 

0,000   0,000 0,000 0,000 0,000 0,000 

N 114 114 114 114 113 114 114 

Training 

Awareness 

Correlation 

Coefficient 

.681** .715** 1,000 .693** .619** .702** .595** 

Sig. (2-

tailed) 

0,000 0,000   0,000 0,000 0,000 0,000 

N 114 114 114 114 113 114 114 

Managerial 

Leadership 

Correlation 

Coefficient 

.723** .668** .693** 1,000 .640** .707** .714** 

Sig. (2-

tailed) 

0,000 0,000 0,000   0,000 0,000 0,000 

N 115 114 114 115 114 115 115 

Accident 

Report Aware 

Correlation 

Coefficient 

.629** .593** .619** .640** 1,000 .690** .541** 

Sig. (2-

tailed) 

0,000 0,000 0,000 0,000   0,000 0,000 

N 114 113 113 114 114 114 114 

Health Safety Correlation 

Coefficient 

.682** .642** .702** .707** .690** 1,000 .653** 

Sig. (2-

tailed) 

0,000 0,000 0,000 0,000 0,000   0,000 

N 115 114 114 115 114 115 115 

Behaviour 

People 

Correlation 

Coefficient 

.731** .602** .595** .714** .541** .653** 1,000 

Sig. (2-

tailed) 

0,000 0,000 0,000 0,000 0,000 0,000   

N 115 114 114 115 114 115 115 

**. Correlation is significant at the 0.01 level (2-tailed). 

 

 

 

 

 



P a g e  | 96 
 
 

3.3 Findings and Discussions 

Data sourced and analysed indicate that some of the items are more prominent than others 

based on the statistical mean and frequency distribution calculations. The 7 risk factors 

associated with causes of TMM related accidents have been identified and are listed as 

indicated in table 3.9 above.  

Factor analysis results indicate that the questionnaire items/questions are divided into the 

following factors, as indicated in table 3.8: 

• Hazard identification and risk assessment. 

• Drafting and implementation of TMM related COPs and SOPs. 

• Health and safety training and awareness. 

• Managerial leadership issues. 

• Accident reporting and investigation. 

• Health and safety management system. 

• Behavioural issues (supervisors and employees). 

 

Furthermore, the following findings are discussed based on collected and analysed data 

including any other information collected to address the research question and realise the 

following objectives of the study:  

 

Objective 1: To identify the basic, direct and indirect causes of accidents and injuries 

associated with trackless mobile machines in the open-cast/surface mines of the Northern 

Cape Province, South Africa. 

The following basic, direct and indirect causes of accidents associated with TMM were 

identified: 

 

• Failure to comply with the requirements of the Mine Health and Safety Act: Generally, 

big and medium scale mines do comply with the provisions and requirements of the 

Mine Health and Safety Act. They have health and safety management systems in 

place, though the extent of effective implementation of such systems and the 

provisions of the Act differ according to the availability of financial and human 

resources of each company. The challenges facing small-scale miners in terms of 

implementation of the provisions of the Act are enormous. Some of the small-scale 

mines are partly complying with the provisions of the Act, whereas others are totally 

not complying. Most of them neither have health and safety management systems and 

programs in place, nor the financial and human resources to implement such systems 

and programs. 

 

Small-scale miners are challenged in terms of basic compliance such as appointing 

necessary and required skilled and competent persons (occupational hygienists, GCC 
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Engineers, Safety Officers, training officer), provision of adequate and effective 

supervision, conducting adequate and effective hazard identification and risk 

assessment, provision of drafting and implementing mandatory COPs and related 

SOPs, conducting formal risk based health and safety training in a training centre, 

reporting of accidents, conducting accident/incident investigations and keeping 

accidents records and conducting risk based medical surveillance. 

 

• Inadequate and ineffective hazard identification and risk assessment:  

 

o The requirements of section 11 of the mine health and safety act and the 

importance of conducting risk assessment and hazard identification are clearly 

understood by all companies, irrespective of size and financial constraints;  

o Lack of understanding of methods of conducting HIRA and mixing of different 

methodologies in the process is a big challenge;  

o Sometimes, different risk rating methods are used for the same HIRA method 

within the same company; 

o Companies in their endeavours to ensure compliance with the Act and to 

improve working conditions of their employees, are over-relying on external 

service providers to conduct HIRA for them. In the process, companies miss the 

opportunity to involve their employees in this critical process and develop their 

capabilities to deal with dangerous situations in their respective working areas. 

The possibility of missing very crucial hazards and risks is extremely high, 

leading to failure to put corrective measures in place to proactively prevent 

accidents associated with TMM; 

o Failure to adequately and effectively include and concentrate on all important 

aspects and areas of risk assessment is a serious concern. Risk assessments 

mainly concentrated on operation of equipment and on environmental and 

workplace conditions. Human and administrative factors and risks are often not 

adequately addressed and sometimes excluded during conducting of baseline, 

issue based and continuous HIRA;  

o Fatigue hazard identification and risk assessment, including conducting of 

comprehensive ergonomic studies, are not conducted by small-scale miners 

and some of the big mines. Failure to identify and control ergonomics risks 

factors can also lead to fatigue. For example, lack of visibility due to operator’s 

cabin design, uncomfortable sitting arrangements, awkward postures due to 

bad controls positioning can lead to fatigue, resulting in accidents;  

o Failure to identify and address all energies (gravitational, kinetic, electrical and 

mechanical, electro-mechanical) during the process of conducting risk 

assessment is an area of considerable risk. For example, a fully loaded dump 

truck travelling down a ramp or decline is exposed to gravitational forces, 

which can lead to it running out of control in case of brake failure. The load and 
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traveling down a decline affect the speed (Kinetic energy) of the dump truck, 

requiring brakes to be applied continuously, thus putting pressure on the 

functioning and durability of the braking system; 

o Lack of revision of hazard identification and risk assessment documents after 

incidents/accidents have occurred is an issue that requires immediate 

attention. Subsequent to conducting of accidents investigations, causes of such 

accidents are identified and remedial actions recommended. However, such 

findings and recommendations are not included in the existing risk assessment 

documents, with the result that risk assessment documents are not reviewed 

as required or expected; 

o Failure to apply reasonable man tests and to incorporate best practices when 

conducting HIRA by failing to benchmark against and compare with other 

similar operations. For example, in case of a serious accident from a 

neighbouring or local mine, causes of such accident and recommendations 

should be considered and implemented if possible to prevent a similar 

occurrence in own operation; 

o Lack of clear and regulated hazard identification and risk assessment guidelines 

and procedures, taking into consideration all necessary aspects such as 

adopting best practices, bench marking against similar operations, published 

research documents (SIMRAC), scientifically acceptable HIRA methods, and 

minimum skill/competency requirements for people conducting risk 

assessments; 

 

• Inadequate legal appointees:  

o The appointment of legal appointees has always been a thorny issue  especially 

for small-scale miners. They always cite financial constraints and scarcity of 

skills as a reason for not appointing competent persons.  These challenges have 

led to appointments of persons based on their experience, overlooking 

relevant and appropriate qualifications. The lack of guidelines regarding the 

qualifications for persons responsible for TMM in case the total kilowatt output 

power is less than 2500 is a major concern in this area. However, some of the 

large and medium scale mines also suffer from the same challenges; 

o The appointment of GCC Engineers with appropriate experience is a major 

challenge for most of the mines. Some of the engineers who are appointed do 

have appropriate and relevant qualifications, but have never worked with TMM 

on surface mines in their entire career. For example, some have worked 

underground managing rail bound machinery, winches and man/material 

hoists; 

o Mines sometimes do appoint part time engineers for the sake of legal 

compliance rather than prevention of accidents associated with TMM. Some of 

these engineers visit the mines less than four times a month, spending about 6 
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hours on average at the mine conducting their legal duties, whereas mines are 

working more than 26 days a month, two 12-hour shifts a day;  

 

• Inadequate and ineffective supervision: 

 

o The appointment of a supervisor is a requirement of section 7 of the Act, and 

most of the mines do appoint these persons, irrespective of their 

competencies. Their health and safety legal duties and responsibilities, in 

relation to their qualifications and experience are sometimes not taken into 

consideration when they are being appointed. Mining supervisors are 

expected to supervise operation and usage of TMM and related mining 

activities without technical knowledge on safe operations and usage of such 

machinery. Engineering staff are mainly concerned with the maintenance and 

availability of TMM for production purposes, not on their safe use; 

o Lack of adequate supervision during night shifts is a concern in this area and 

that should be addressed and improved. In most cases, managers and safety 

officers are only working day shifts, leaving skeleton staff to supervise 

employees during night shifts; 

o Lack of managerial leadership skills of first level supervisors is also a matter 

that needs attention. Supervisors are mostly appointed based on their 

technical abilities, not on their skill and knowledge to manage processes and 

lead their subordinates in their respective areas of responsibility; 

 

• Inadequate health and safety management systems: 

o Health and safety management systems such as OHSAS 18001 and NOSA 

systems are used by different companies across the province. Large and some 

of the medium scale miners have successfully implemented these systems. 

However, most of the small-scale miners do not have these systems in place, 

especially TMM maintenance systems, strategies and programs; 

o In some big mines, health and safety management systems are so 

cumbersome and complicated to an extent that they are impossible to 

implement. Each and every activity, irrespective of how relevant and 

significant it is in terms of risk assessment, is taken into consideration in terms 

of the procedures developed to carry it out. As a result, a lot of procedures, 

work instructions and policies are developed, generating paperwork to an 

extent that lower level employees (TMM operator) become confused and 

discouraged; 

 

• Lack of adequate workplace design and job factors:  

o Some of the workplace planning and designs are affected and influenced by 

historical bad mining practices;  
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o Planning and work instructions are not done properly, according to the mine 

plan. There is a reliance on supervisors to figure out the work method as they 

do the job. This results in great variance in methods and the associated safety 

requirements; 

o  Failure to plan and design the mine haul roads taking into account gradients, 

size (width), elevations, turning points (sharp curves), road layouts in relation 

to operational specifications/capacity of the machines is one of the major 

causes of accidents. For example, the gradient of the road should not exceed 

the gradient at which the machine can operate with a full load. The size of the 

roads should allow machines to pass each other without colliding.  

o Failure to construct adequate safety berms and emergency run away areas is 

also an area of concern regarding mine planning and design; 

o Lack of maintenance of haul roads; 

o Lack of an effective traffic management plan and implementation thereof is a 

common factor in most mines;  

o  Failure to implement management of change when reviewing the traffic 

management plan is also critical for prevention of accidents associated with 

TMM. For example, a day shift team making changes on road layouts without 

revision of the plan and approval by the responsible engineer/responsible 

person. Failure to communicate these changes with employees (TMM 

operators) also occurs, creating confusion; 

 

• Lack of managerial leadership skills: 

o The majority of appointed legal appointees, such as in small and medium 

mines, are not trained to manage and implement mining processes;  

o This is shown by the lack of exemplary leadership and failing to understand the 

context at which they are operating. Most of them still rely on authority and 

positional power to ensure compliance which can lead to nothing but failure; 

o Failure to set a clear vision and direction (target and objective), to coach and 

communicate this vision (targets and objectives) to employees, leads to 

confusion and a negative climate within the organisation; 

 

• Organisational health and safety culture and climate: 

o Large and medium size mines do have incentive schemes in place to promote 

health and safety in a workplace; 

o Bonuses are paid for both safety and production achievements, thus 

encouraging employees to always reach production targets and put safety 

first. These mines are prioritising safety the same as production, they believe 

in safe production. However, small-scale miners do not have incentives 

schemes in place for both safety promotion and reaching production targets;  
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o Lack of exemplary leadership, whereby the supervisor deliberately and 

conspicuously fails to respect and implement the rules and procedures of the 

company. Negative attitude of senior managers towards health and safety and 

unwillingness to accept safety as a value. For example, some of the supervisors 

legally instruct the operators to use a defective machine with serious defects 

such as faulty braking systems, to drive unauthorised and non-compliant 

vehicles around the mine without following rules and procedures and drive 

over stop signs without stopping. This attitude creates or promotes a climate 

and culture of non-compliance in the organisation;  

 

• Behavioural issues associated with TMM accidents in a workplace: The following 

behavioural issues are contributing to causes of accidents associate with TMM:  

o Failure to obey safety rules and procedures; 

o Over-speeding;  

o Reckless driving;  

o Using of cellular phones whilst operating a machine,  

o Disregarding traffic signs; 

o Failure to wear seat belt;  

o Attitude of management and employees towards health and safety;  

o Unauthorised use of equipment and; 

o Failure to respect machines working space/area etc.  

 

Objective 2: To determine the overall systemic causes of the accidents and injuries associated 

with trackless mobile machines in open-cast mines of the Northern Cape Province, South 

Africa. The following possible systemic failures were identified and briefly discussed: 

 

• Understanding operational and transactional issues relating to safe operation of 

machinery: 

o  Failure to identify all role players and stakeholders and appreciate their roles, 

interests and influence on the organisation. These important role players and 

stakeholders are organisational leaders and managers, employees, labour 

unions, MHSI etc.  In terms of section 2 of the MHSA, a Chief Executive Officer 

has the responsibility to ensure a healthy and safe working environment. Due 

to his positional and legislative power, he/she has major influence within the 

organisation to set a tone and give organisational direction; 

Failure to consider health and safety requirements when purchasing due to cost, lack of 

awareness and time pressure; 

o Failure to include safety requirements as part of mine procurement 

procedures; 
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o Failure to promote enablers of innovation such as adequate leadership; 

organisational structures, communication and information sharing etc.; 

o  Failure of organisation to take the opportunity to learn from the past in 

developing the future;   

• Understanding of contextual issues relating to safe operation of machinery: 

o Failure to understand contextual issues such as the requirements of the MHSA, 

MPRDA, mining charter, CTF and other related legislative requirements. These 

issues should be taken into account when dealing with operational 

requirements; 

o Failure to promote a multidisciplinary approach to prevent and reduce 

accidents associated with TMM. Disciplinary procedures and Individual 

development plans should also consider health and safety requirements; 

o Failure to include safety aspects as key performance areas in a performance 

management and development system. These should be in line with the 

requirements of legislation and operational safety objectives and targets.  

 

To ensure that the objectives of this study are realised, the following critical factors which are 

major causes of accidents associated with Trackless Mobile Machine should be prioritised: 

 

1. Hazard identification and risk assessment 

2. Appointment of competent persons 

3. Drafting of Codes of Practices and Standard Operating Procedures 

4. Risk based health and safety training 

5. Safety leadership  

6. Culture and mind-set of safety 

7. Behaviour of people 

8. State of health of TMM operators prior to operating a machine. 

Results of the study indicate that adequate and effective hazard identification and risk 

assessment is key to development and implementation of an effective safety management 

plan and program. During the HIRA process, control measures are recommended to deal with 

identified hazards and risks assessed. Some of the administrative controls that are mostly 

recommended are risk based health and safety training, drafting and implementation of COPs 

and SOPs, Appointments etc. Appointment of competent and experienced persons is vital in 

conducting adequate and effective HIRA, because competence of people involved in the 

process is vital. Suitably qualified and experienced engineers, safety practitioners and TMM 

operators should form part of the HIRA team to ensure that all critical hazards are identified 

and dealt with accordingly. Continuous risk assessment should be conducted on a daily basis 

to ensure operator and equipment fitness for operation. 
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Mandatory and voluntary COPs and SOPs should be drafted according to the outcome of the 

HIRA process. Inadequate HIRA could lead to poor quality of COPs, SOPs, standards and 

policies. These documents will also be ineffective and insufficient to address the risks that 

were not identified and properly assessed during the HIRA process. The MHSA also requires 

that risk based health and safety training manuals be developed from the above mentioned 

documents. For that reason, a training program is developed and implemented in line with 

the identified hazards and risks assessed, with the intention of addressing those hazards and 

risks. Furthermore, a competent trainer, assessor and moderator should be appointed to 

ensure that effective training is given.  

The objective of conducting HIRA, drafting COPs, SOPs and giving training is to prevent or 

reduce accidents and injuries in a workplace. High accidents and injury rates can lead to low 

worker morale, thus affecting overall performance of the organisation. Low worker morale 

could also be due to lack of training and development, poor quality of procedures and 

standards and bad safety leadership and culture. The importance and relevance of safety 

leadership and culture in reducing accidents in a workplace is discussed in detail in chapter 2 

of this study. It is also worth mentioning that all these factors are interdependent and any 

failure from any area will adversely affect the whole system. 

 

3.4. Conclusion 

The results of this study indicate a need to improve health and safety compliance through 

compliance with the requirements of the MHSA (Appointments of professionally qualified and 

matured individuals, effective hazard identification risk assessment, adequate and effective 

supervision, adequate and effective formal training). Implementation of simple yet effective 

health and safety management systems, exemplary leadership, promotion of safety culture, 

effective communication, promotion of innovation and implementation of best practices and 

research recommendations. Consistent and fair application of discipline is critically important 

to improve health and safety compliance and prevention of accidents. An organisation can 

only carry out its mandate if there is discipline and commitment while where there is no 

discipline and commitment, there can be no real progress. It is the researcher’s fervent belief 

that zero harm to people, environment and equipment is possible. 
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Chapter 4: Recommendations and Framework 

4.1. Introduction 

This chapter will discuss critical and key factors drawn from the results of the study and make 

recommendations concerning what can be done to prevent accidents and injuries associated 

with trackless mobile machines in South African mines. Some of the objectives of this study is 

to find and recommend methods to reduce accidents and injuries associated with trackless 

mobile machines, to increase hazard awareness, enable mine management to select and 

prioritise problem areas and identify safety systems’ weaknesses relating to trackless mobile 

machines.    

 

The following recommendations are made to ensure that the objectives of the study are 

realised: 

4.2. Recommended Preventative Measures 

The following issues from the findings of this study may have practical and direct health and 

safety implications for open-cast mines in the Northern Cape Province and similar operations 

elsewhere. It is therefore recommended that mines consider implementing the following 

preventative measures or strategies, wherever it is possible: 

• The Chief executive officer or owners of the mines should influence prioritising safety 

as a business value through continuous stakeholder engagement and effective 

implementation of health and safety policies and procedures. 

• The CEO or owner should encourage the establishment of a work skills program (WSP) 

and fund studies to develop the required skills within the organisation. 

• Legal and other appointments: 

o  Appoint GCC engineers with suitable and relevant experience to manage 

TMM; 

o  Red seal artisans should be appointed to conduct maintenance on machines;  

o Technical persons should be appointed to manage and control use of TMM;  

o  Only TMM operators with Standard 10/matric/grade 12 or an equivalent 

should be considered;  

o A driver’s license should be made a requirement or added advantage to 

operate TMM; 

o Acting legal appointees must be suitably qualified and experienced. 

 

• Supervision:   

o Increase supervision at night congruent to the day shift.  Technical persons 

must work night shifts as well (artisans and foremen); 

o Safety officers must be present during night shift; 
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o Management and engineers should also conduct safety inspections during 

night shifts throughout the year; 

o Consider appointing technical persons to supervise use of machinery; 

 

• Hazard identification and risk assessment:  

o HIRA must be conducted by mine personnel with the assistance of external 

service providers; 

o Personnel conducting HIRA including external service providers should be 

technically qualified and competent;  

o Avoid generic risk assessments from external service providers which are 

conducted for all similar mines; 

o Consider all energies in the process of risk assessment and apply scientifically 

and technically proven and acceptable HIRA methods; 

o Ensure that the continuous HIRA process for TMM includes testing of the 

physical, emotional, psychological well-being of the operator on a daily basis. 

Health professionals should draft a checklist similar to the one used to check 

the machine. The implementation of this document should be legislated. 

Operators must be randomly tested for chronic diseases at the start of the shift 

on a daily basis; 

o Effective and adequate fatigue risk assessment and ergonomic surveys on TMM 

must be conducted by affected mine employees together with subject matter 

experts;  

o Mines should be reasonably practicable when conducting HIRA by considering 

all accidents and incidents that occurred on their operations including their 

neighbouring mines as well as similar mines in the country and worldwide; 

o An HIRA documents review must be conducted after each accident to 

determine control failures; 

 

• Codes of practice and related standard operating procedures: 

o COPs and SOPs must be drafted and implemented by mine personnel with the 

assistance of external service providers; 

o Revise after review of risk assessments;  

o Revise in line with the findings of accidents/incidents;   

o Ensure that COPs and SOPs concentrate on tasks at hand and do not become 

a precautionary document (do’s and don’ts);  

o Adhere to Chief Inspector of mines’ guidelines during drafting and 

implementation phase;  

o Ensure that these documents are simple and user friendly considering 

operators with low education levels; 

 

• Risk based health and safety training:  
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o  Develop and implement competency and training matrices;  

o Ensure that operators are trained on operating a machine and certified by 

OEM; 

o Competent and accredited training providers should give training on how to 

use the machine at a specific mine;  

o Training on use of the machine to be conducted under the conditions which 

machines will be used (if required to operate during night shift, then training 

should also be done during night shift); 

o Duration of both practical and theoretical training must be clearly determined 

before a person can be declared competent; 

 

• Leadership and culture: 

o Establish a formal safety goal aiming to eliminate fatalities and reduce serious 

accidents; 

o Actively promote and celebrate safety improvements and contributions across 

the organisation; 

o Have workers assume leadership roles in safety; 

o Promote a teamwork spirit and healthy safety competitions; 

o Have senior management personally engage in safety activities; 

o Establish safety performance appraisals; 

 

• Procurement 

o Introduce a total life cycle cost concept incorporating health and safety 

considerations into the specifications and selection process; 

o Train procurement personnel to identify and assess health and safety risks and 

seek expert advice when required; 

 

• Maintenance 

o Establish a TMM basic conditions monitoring program; 

o Avoid using parts which are not OEM approved; 

o Appoint qualified and competent artisans to maintain and monitor machines; 

 

The following critical factors listed and discussed in chapter 3 should be strategically 

addressed in a practical manner to realise the objectives of this study and reduce accidents 

associated with Trackless mobile machines: 

 

1. Hazard identification and risk assessment. 

• Hazard identification and risk assessment should be simple, precise, practical    

and relevant. Follow DMR or chamber of mines guidelines and consider OEM 

manuals, accident statistics from the organisation, neighbouring mines, 

region and province. It is worth noting that a lengthy document has a negative 
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psychological impact on the reader because people do not have time to read 

such lengthy documents in the workplace. 

•  Engage or involve people with technical capabilities/expertise (Engineer,     

mechanics etc.) 

• Identify critical areas and tasks and develop inventory. 

• Identify and prioritise most critical top 15-20 risks e.g. TMM running out of 

control. 

• Develop golden rules/ standards to deal with identified critical top 15 risks e.g.       

no cellular phone is allowed inside the machine cabin (a ringing cellular phone 

can distract the operator), machine must not be operated without conducting 

brake functioning test, pre-use inspection must be conducted prior to 

operating a machine etc. These rules and standards must be observed without 

fail. 

• Develop lifesaving rules or steps to safety e.g., is the equipment fit for use, is 

the working place safe to work. 

 

2. Appointment of competent persons. 

• Appoint and authorise competent people to use and operate machines under 

different conditions around the mine, for example during day and night shifts. 

• Engage competent person to maintain and service machines, manage 

maintenance and service records (artisans with red seal certification), conduct 

risk assessment, supervise operators, draft COPs and SOPs, draft training 

modules, conduct training etc.  

 

3.  Drafting and implementation mandatory and voluntary COPs and SOPs. 

• Draft COPs and SOPs in line with the outcome of the risk assessment and critical 

task inventory. 

• Draft training modules as per contents of the COPs and SOPs. 

• Create planned task observation (PTO) form/template in line with the contents 

of the SOPs. 

• Conduct planned task observation on critical areas and task, top ten risks, new 

employees, employees who are frequently involved in accidents, employees 

who do not conform to safety rules and standards, chance takers when 

instructed to do so or when the need arises. 

• PTO schedule must be drafted and always adhered to. For example, direct 

supervisors on a weekly basis, managers two weekly and senior managers 

monthly. 

 

4. Risk based health and safety training and awareness. 
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• Appoint a suitably qualified internal trainer to train employees on risk based 

training modules. 

• Develop training policy and procedure outlining the training process. Duration 

of both theoretical and practical training should be stipulated per module, OEM 

should train people on the use of a specific type of machine and the internal 

trainer on operating the machines under different conditions (day and night) 

on the mine. The number of people per session should also be stipulated, just 

to mention a few guidelines. 

• Develop training modules from the COPs and SOPs, in line with standards from 

the Mine Qualifications Authority (MQA) and South African Qualification 

Authority (SAQA). 

• Conduct training needs analysis per activity area (mining) and occupation 

(TMM operator, spotter etc.) 

• Develop training matrix in line with the training needs analysis. 

• An accredited training centre suitable for training should be established (if 

possible). It should be suitably equipped with chairs, tables, projector, screen 

etc. 

• Refresher training should be conducted half yearly instead of annually and 

when a situation arises which indicated a lack of knowledge (accident). 

• Training records should be kept in a suitable area which is fire proof and soft 

copies should be stored on a server. 

 

5. Safety Leadership. 

• Chief Executive Officers (CEO) has a voice and should set a tone for the 

organisation. He/She should address employees quarterly, emphasising the 

importance of safety. 

• Senior managers should conduct a visible felt leadership (VFL) exercise on a 

weekly basis. The objective of VFL is to engage employees in their respective 

working places to understand their safety challenges. VFL finings and 

employees’ concerns should be documented and resolved. 

• Leadership inspections should be conducted on a weekly basis and recorded 

accordingly. 

 

 

6. Culture and mind-set of safety. 

• Supervisors should hold regular meetings with all employees in their respective 

areas, such as safety talk at the beginning of the shift. Safety should be given 

the same priority as production. 

• Senior managers should hold safety meetings on a monthly (minimum) with all 

Heads of Departments (HOD), contractors and service providers and a quarterly 
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basis with all employees. No production issues should be discussed in these 

meetings. 

• The Chief Executive Officer should address employees on a quarterly basis, 

putting emphasis on organisations’ safety vision and mission. 

• Encourage employee participation safety issues and activities through 

suggesting schemes, small groups safety activities, safety promotion 

programmes etc. 

  

7. Behaviour of people. 

• Engage a reputable service provider to develop a behaviour based safety 

program. 

• Senior managers should be involved through regular visible felt leadership, 

leadership over inspections, etc. Templates/forms should be created for these 

activities by the service provider. 

• Identify employees who are safety conscious and appoint them as safe 

behaviour and change management coaches and champions. 

• Obtain regular feedback from the champions and change managers. 

• Apply fair and consistent discipline on non-complying employees. 

 

8. State of health of TMM operators prior to operating a machine. 

• Develop a template to be used to determine the state of health of the operator 

prior to operating the machine. 

• Engage health professionals to assist in determining all conditions which an 

operator will be deemed fit to operate a machine. Guidelines from DMR, 

Department of Health and other health regulatory bodies must be followed. 

• Operators with chronic diseases (Hypertension, Diabetes Mellitus) should be 

monitored regularly. 

4.3. Proposed Areas for Future Research and Investigation 

• Strategy to improve health and safety legislation enforcement and compliance through 

attraction and retention of skills within the Department of Mineral Resources (MHSI). 

• The impact of the current MH&SA and related legislation on sustainability and growth 

of small-scale miners. 

• Development of a skills program through a statutory body such as Mine Qualification 

Authority on supervision of use of TMM in a mining environment.  
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Chapter 5: Summary and Conclusions 

5.1 Introduction 

This chapter discusses the summary of the research and gives a conclusion on the basis of the 

previous chapter’s analysis, results/findings and recommendations. 

5.2 Summary 

5.2.1 Summary of the chapters 

The overall summary of this study is briefly discussed below, covering all the chapters as 

outlined throughout the study: 

Chapter 1: In this chapter, the researcher introduced the topic and discussed the context to 

the background of the research. The introduction provides the reader with sufficient 

information on the field of study to allow for an appreciation of the research. This chapter 

places the research project in context with what is known. This chapter also addresses a range 

of issues concerning the perspectives of the research topic. The researcher sets the scene by 

giving a broader literature-informed view of the problem or arguments and its context. It also 

gives implications for the current/local situation or case study. Justification of the research 

case and how the research hopes to solve the problem is also discussed within the chapter. 

Further, it explains the research methodology used by the researcher as well as the philosophy 

behind each methodology and justifies the selection of the best methodology which is most 

applicable to this research. 

Chapter 2: This chapter assisted the researcher to evaluate the current critical analysis and 

body of knowledge about the chosen topic. This chapter helped in questionnaire design, to 

constitute a logical thought process in evolving questions to test the constructs and debate 

the theory adequately. The researcher also used the information to ensure that the research 

questions are answered and objectives are realised. The following topics were covered and 

comprehensively discussed: legislative framework (MHSA), hazard identification and risk 

assessment, ergonomics, fatigue management, impact of leadership and culture on health and 

safety in a workplace, behavioural issues associated with accidents in a workplace and hazards 

and risks leading to accidents and injuries associated with TMM. The sources for the literature 

review were local and international books, personal interviews, journals, dissertations, 

legislation and other documentation. 

Chapter 3: This chapter furnishes an analysis and synthesis of the information/data obtained 

through research. Obtained data were analysed, the research question answered and 

objectives of the research realized. The constructs in relation to theory were tested. Results 

were interpreted in an appropriate form and findings thoroughly discussed. 
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Chapter 4: This chapter discusses critical and key factors drawn from the study and identifies 

the causes of accidents associated with trackless mobile machines (TMM). Recommendations 

are then made concerning what can be done to prevent accidents and injuries associated with 

trackless mobile machines (TMM) in South African open-cast/surface mines. The areas for new 

research were also identified and recommended. 

Chapter 5: This chapter will discuss the summary of the research and give a conclusion on the 

basis of the previous chapter’s analysis, results and recommendations. 

5.2.2 Summary of results/findings 

A SAMRASS report review of trackless mobile machines related accidents and injuries on 

surface mines for the period January 2011 to December 2015, identified machines most often 

involved with dangerous occurrences, injuries and fatalities. These machines are dump trucks, 

front end loaders (FEL), light delivery vehicle (LDV) and excavators. The analysis also indicated 

that causes of accidents associated with these trackless mobile machines have not changed 

much over the years.  

Failure to conduct adequate and effective hazard identification and risk assessment; 

Failure to appoint competent persons, lack of supervision;  

Failure to staff a mine with due regard to health and safety;  

Ineffective maintenance procedures leading to mechanical components’ failures, inadequate 

and ineffective training on the use and operation of TMM;  

Behavioural issues, lack of exemplary leadership and fatigue are major causes of accidents 

associated with TMM. However, organisational climate, culture and discipline and 

psychosocial issues are rarely identified as causes of accidents and injuries associated with 

TMM. 

Reduction in injuries will require a concerted effort by all stakeholders and role players such 

as mine management, state departments and labour unions. Safety and operational 

requirements for TMM are complex and demand a systematic accident prevention strategy, 

which incorporates both traditional as well as innovative accident prevention measures and 

programmes.  Continuous motivational training, seeking to influence the worker behaviour, 

attitude and beliefs should be incorporated in systematic accident prevention strategies. The 

mining industry should continuously strive to develop new ideas and creative approaches to 

create a healthy and safe working environment. 

5.3 Conclusion 

In conclusion, the extent to which accidents associated with trackless mobile machines can be 

prevented and reduced, depends on a systematic and holistic approach required to 

proactively deal with hazards and risks associated with operating and using TMM in a specific 
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mining environment. All stakeholders and role players should be involved in preventing these 

accidents without undermining the role and importance of any, as discussed in chapter 3 and 

4. However, the most important stakeholders and valuable asset of any organisation, the low 

level employees (TMM operators) should be adequately developed and capacitated and 

encouraged to take part in decision making processes relating to TMM, without any fear or 

favour. 

Hazard identification and risk assessment is important and can be used to prioritise the risks 

related to TMM and distribution of resources to address those risks. The most risky and 

dangerous situations should be addressed first and those least likely to occur and cause major 

or serious problems are considered and addressed at a later stage. It was also observed that 

baseline, issue based and continuous risk assessment mostly concentrates on working 

environment and equipment/machinery fitness to use. The risks relating to the most 

important component, the human being (TMM operators, pedestrians, and supervisors) are 

often not adequately addressed.  

Challenges facing small-scale mining operators such as legislative requirements, financial 

constraints, lack of human resources, scarce and unaffordable skills should be thoroughly 

dealt with by the authorities i.e. Department of Mineral Resources. These challenges directly 

impact on their ability to proactively prevent accidents associated with trackless mobile 

machines and compliance with the mine health and safety act. For example, one of the major 

challenges is to install and maintain proximity detection systems on TMMs, which is expensive 

and requires skills to maintain. 

Finally, to change the current unacceptable situation, solid and grounded leadership principles 

should be applied by operational managers and leaders. Supervisors, mainly first line 

supervisors such as production foremen, should be given managerial leadership skills to 

enable them to positively influence their subordinates to change from “as is” to “as it should 

be” situation. This will also assist them to holistically and comprehensively understand the 

context in which they are operating so that they can act accordingly and most importantly, 

how to lead self, change and others.  To lead change, visionary thinking, the mental picture of 

a desired destination or ideal future (zero harm to people, environment and equipment) 

should be applied at all times across organisations. Strategic thinking with vision and goal in 

mind, with leaders accepting responsibilities for the most effective way to achieve the vision 

or goal should be encouraged. It is the researcher’s fervent belief, that zero harm to people, 

environment and equipment is possible when all stakeholders work together to achieve this 

ideal.
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ANNEXURE 1: MAP OF SOUTH AFRICA AND ITS PROVINCES INCLUDING NEIGHBOURING 

COUNTRIES 

 

 

(Adopted from www.nationsonline.org. Available at: 

http://www.nationsonline.org/onework/map/za_provinces_map2.htm(accessed:28 June 2017). 
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ANNEXURE 2: MAP OF NORTHERN CAPE PROVINCE INDICATING ITS MAJOR CITIES AND 

TOWNS 

 

 
(Adopted from www.nationsonline.org. Available at: 

http://www.nationsonline.org/onework/map/za_provinces_map2.htm(accessed:28 June 2017). 
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ANNEXURE 3: LETTER: REQUEST TO CONDUCT RESEARCH IN THE PARTICIPATING 

COMPANY  

 

Company Address: 

_______________________________ 

_______________________________ 

_______________________________ 

_______________________________ 

_______________________________ 

 

Dear Sir/Madam 

 

My name is Tau Moses Koaho, a student of Masters of Science: Management of Technology 

and Innovation at Da Vinci Institute of Technology. 

 

I am currently conducting research on the following topic: Causes of Accidents associated 

with Trackless Mobile Machines in the Open-cast Mines of the Northern Cape Province, 

South Africa. 

The objectives of the study are to determine the causes of the accidents and injuries 

associated with trackless mobile machines in open-cast mines of the Northern Cape Province, 

and also, to find and recommend methods to reduce accidents and injuries associated with 

trackless mobile machines. 

 

To achieve the objectives of the study, the following information/data should be collected 

from the mines: 

1. Compliance with legislation (MHSA, TMM guidelines, Regulations, etc.). 

2. Number of section 54 and 55 instructions received from Department of Mineral 

Resources in the past five years. 

3. Number of accidents and injuries associated with TMM. 

Face to face interviews will be conducted using structured questionnaire to obtain the 

information/data from responsible and relevant persons.  
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Please be advised that all participants’ responses will be kept confidential. Under no 

circumstances will the names of the participants or respondents be disclosed or information 

be divulged to other individuals except Da Vinci Institute of Technology Management. 

 

Your assistance will be highly appreciated. 

Yours truly,  

 

Tau Moses Koaho 

Mine Compliance Manager 

Sedibeng iron Ore (Pty) ltd 

Tel: 053 492 0018 

Cell: 0837762590 

Email:tauk@seio.co.za 

Date: 
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ANNEXURE 4: LETTER OF CONSENT TO CONDUCT RESEARCH IN THE PARTICIPATING 

COMPANY 

Name and Address  

_______________________________ 

_______________________________ 

_______________________________ 

_______________________________ 

_______________________________ 

 

Dear Sir/Madam 

 

You are hereby given consent to conduct survey in my company, provided the names of the 

company and participants are not divulged to third parties. The information shared with the 

researcher should be strictly confidential. 

 

Yours truly,  

 

Name, title, name of company and contact details of representative of participating 

company. 

______________________________ 

______________________________ 

______________________________ 

______________________________ 

______________________________ 
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ANNEXURE 5: LETTER OF REQUEST TO COMPLETE QUESTIONNAIRE 

 

Dear Sir/Madam 

 

You are hereby requested to complete the attached questionnaire. Thank you for your 

willingness to voluntarily complete this questionnaire. 

Your participation in this study is highly appreciated. All information shared with the 

researcher will be treated as strictly confidential, and information from the participants will 

not be divulged to third parties, except Da Vinci Institute of technology management. 

 

 

Yours truly,  

 

Tau Moses Koaho 

Mine Compliance Manager 

Sedibeng iron Ore (Pty) ltd 

Tel: 053 492 0018 

Cell: 0837762590 

Email:tauk@seio.co.za 

Date: 
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ANNEXURE 6: MINE INFORMATION 

 

1.   

Mine Code 

 

 

2.   

Magisterial District 

 

 

3.   

Commodity Mined 

 

 

4.   

Tonnage Mined(Average) 

 

 

5.   

Number of 

Employees 

 

Mine 

Employees 

 

 

Contractors 

Employees 

 

6.  Numbers of years in operation  

 

7.  Number of TMM in Use 

 

 

 

8.  Total Kilowatt Output Power  
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ANNEXURE 7: 

CAUSES (HAZARDS AND RISKS) OF ACCIDENTS ASSOCIATED WITH TRACKLESS 

MOBILE MACHINES QUESTIONNAIRE 

 

Below are statements concerning causes (hazards and risk) of accidents associated with trackless 

mobile machines in your company? 

Mark your choice in the rating column, using scales below to rate the statements regarding causes of 

accidents. 

 

 

Statement Strongly 

disagre

ed 

Disagre

e 

Neither 

Agree/d

isagree 

Agree Strongly 

Agree 

43. Failure to conduct effective and adequate 

hazard identification risk assessment 

relating to TMM. 

     

44. Failure to appoint/engage competent 

persons to ensure safe use of TMM-

Engineer, maintenance team, 

Supervisors, operators/drivers etc. 

     

45. Failure by designers and manufacturers of 

mobile equipment to adequately consider 

the requirements of the operators and 

other members of transport teams in the 

original design of the equipment used. 

     

46. Failure to identify and control 

occupational health and safety risks from 

ergonomics related factors (workstation 

design, visibility, seat comfortability and 

position, access and exit) to decrease 

human induced error. 

     

47. Failure to follow adequate maintenance 

procedure. 

     

48. Failure of mechanical/electrical/hydraulic 

components.(Brakes, hydraulic pipes etc) 

     

49. Failure to identify adverse site/geological 

condition- unstable side walls, benches, 

dykes etc. 
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50. Failure to respect equipment working 

area. 

     

51. Failure to give adequate signal by 

operator and any other person. 

     

52. Failure to adequately maintain 

environmental conditions- Illumination, 

dust suppression etc. 

     

Statement Strongly 

disagree 

Disagre

e 

Neither 

Agree/d

isagree 

Agree Strongly 

Agree 

53. Unfavourable weather conditions- rain, 

wind etc. 

     

54. Failure to control machine running out of 

control (No safety berms, lack of training 

of operators on emergency situations 

etc). 

     

55. Failure to wear seat belts.      

56. Failure to install Proximity Detection 

System (PDS) on TMM. 

     

57. Insufficient consideration in the design of 

roadways and transport activities. 

     

58. Poor design features contributing to the 

difficulties of operating machines. 

     

59. Failure to provide adequate health and 

safety resources (Financial, human, 

material etc ). 

     

60. Failure to effectively and adequately 

identify and assess TMM fatigue related 

risks. 

     

61. Failure to implement effective and 

adequate fatigue management 

system/program related to TMM. 

     

62. Failure to formulate health and safety 

procedures relating to TMM. 

     

63. Reactive formulation of health and safety 

procedures relating to TMM. 

     

64. Outdated codes, rules and procedures 

relating to TMM, which do not reflect the 

reality in working conditions. 

     

65. Vague and conflicting written procedures 

relating to TMM. 

     

66. Failure to cover critical situations in COPs, 

rules and procedures. 
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67. Failure to communicate procedures, rules 

to workforce. 

     

68. Failure to obey safety rules and 

procedures. 

     

69. Attitudes of Management and employees 

towards safety. 

     

70. Failure to adequately manage contractors 

using TMM. 

     

71. Ineffective and inadequate training on 

occupational health and safety issues 

relating to TMM. 

     

72. Lack of training plan and program relating 

to TMM. 

     

73. Ineffective and inadequate safety 

assurance system. 

     

Statement Strongly 

disagree 

Disagre

e 

Neither 

Agree/d

isagree 

Agree Strongly 

Agree 

74. Failure by management to conduct safety 

Visible Felt Leadership. 

     

75. Failure by management to provide health 

and safety leadership (vision, objectives 

and targets) relating to TMM. 

     

76. Failure to create a culture and mind-set 

of safety (bonuses paid for good safety 

performance, communication etc). 

     

77. Failure to prioritise safety the same as 

production. (more incentives and 

bonuses for production than safety). 

     

78. Failure to conduct safety inspections and 

planned task observations (PTO). 

     

79. Failure to prevent unauthorized use of 

TMM. 

     

80. Failure to effectively use TMM pre use 

inspection. 

     

81. Failure to effectively determine the state 

of health of TMM operator prior to 

operating a machine (Physical, emotional, 

Psychological/mental well-being). 

     

82. Lack of accident reporting and 

investigation system. 

     

83. Ineffective accident investigation system 

(accidents investigation focus on 

apportioning the blame on either unsafe 
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act or condition or blaming people for 

their mistakes). 

84. Lack of feedback from incident and 

accidents investigation reports. 

     

85. Failure to prevent unauthorised entry to 

the mine. 

     

 

Any further comments 

__________________________________________________________________________________

__________________________________________________________________________________

__________________________________________________________________________________

__________________________________________________________________________________

__________________________________________________________________________________

__________________________________________________________________________________

__________________________________________________________________________________

__________________________________________________________________________________

__________________________________________________________________________________

__________________________________________________________________________________

__________________________________________________________________________________

__________________________________________________________________________________

__________________________________________________________________________________

__________________________________________________________________________________

__________________________________________________________________________________

__________________________________________________________________________________

__________________________________________________________________________________

__________________________________________________________________________________

__________________________________________________________________________________

__________________________________________________________________________________

__________________________________________________________________________________

__________________________________________________________________________________

__________________________________________________________________________________

__________________________________________________________________________________

__________________________________________________________________________________

__________________________________________________________________________________

__________________________________________________________________________________

__________________________________________________________________________________

__________________________________________________________________________________

__________________________________________________________________________________

__________________________________________________________________________________

__________________________________________________________________________________

__________________________________________________________________________________

__________________________________________________________________________________

__________________________________________________________________________________
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__________________________________________________________________________________

__________________________________________________________________________________

__________________________________________________________________________________

__________________________________________________________________________________

__________________________________________________________________________________

__________________________________________________________________________________

__________________________________________________________________________________

__________________________________________________________________________________

__________________________________________________________________________________

__________________________________________________________________________________

__________________________________________________________________________________

__________________________________________________________________________________

__________________________________________________________________________________

__________________________________________________________________________________

__________________________________________________________________________________

__________________________________________________________________________________

__________________________________________________________________________________

__________________________________________________________________________________

__________________________________________________________________________________

__________________________________________________________________________________

__________________________________________________________________________________

__________________________________________________________________________________

__________________________________________________________________________________

__________________________________________________________________________________

__________________________________________________________________________________

__________________________________________________________________________________

__________________________________________________________________________________                       
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ANNEXURE 8:  RISK RATING MATRIX 

RISK RATING MATRIX 

Standard Risk Matrix 
Hazard Effect / Consequence 

(Where an event has more than one “loss type”, choose the “consequence” with the highest rating) 

Loss Type 

(Additional ‘loss types’ may exist for an event; identify & rate accordingly) 

1 

Insignificant 

2 

Minor 

3 

Moderate 

4 

Major 

5 

Catastrophic 

(S/H) 

Harm to People (Safety / Health) 

First aid case / Exposure to 

minor health risk 

Medical treatment case / 

Exposure to major health 

risk 

Lost time injury / Reversible 

impact on health 

Single fatality or loss of 

quality of life / Irreversible 

impact on health 

Multiple fatalities / Impact on 

health ultimately fatal 

(EI) 

Environmental Impact 

Minimal environmental 

harm – L1 incident 

Material environmental 

harm – L2 incident 

remediable short term  

Serious environmental 

harm – L2 incident 

remediable within LOM 

Major environmental harm 

– L2 incident remediable 

post LOM 

Extreme environmental harm 

– L3 incident irreversible 

(BI/MD) 

Business Interruption / Material Damage & Other Consequential Losses  

No disruption to operation 

/ R120k to less than R600k 

Brief disruption of 

operation / R600k to less 

than R6m 

Partial shutdown / R6m to 

less than R60m 

Potential loss of operation 

/ R60m to less than R450m  

Substantial or total loss of 

operations / R450m and more 

(L&R) 

Legal & Regulatory 

Low level legal issue 

Minor legal issue; non 

compliance and breaches 

of the law 

Serious breech of law; 

investigation/report to 

authority, prosecution 

and/or moderate penalty 

possible 

Major breech of the law; 

considerable prosecution 

and penalties 

Very considerable penalties & 

prosecutions. Multiple law 

suits & jail terms  

(R/S/C) 

Impact on Reputation / Social / Community 

Slight impact - public 

awareness may exist but no 

public concern 

Limited impact - local 

public concern 

Considerable impact - 

regional public concern 

National impact - national 

public concern 

International impact - 

international public attention 

Likelihood 
Examples 

(Consider near-hits as well as actual events) 

Risk Rating 

5 

Almost Certain 

The unwanted event has occurred 

frequently; occurs in order of one or more 

times per year & is likely to reoccur within 1 

year 

11 (M) 16 (H) 20 (H) 23 (Ex) 25 (Ex) 

4 The unwanted event has occurred 

infrequently; occurs in order of less than 

7 (M) 12 (M) 17 (H) 21 (Ex) 24 (Ex) 
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Likely once per year & is likely to reoccur within 5 

years 

3 

Possible 

The unwanted event has happened in the 

business at some time; or could happen 

within 10 years 

4 (L) 8 (M) 13 (H) 18 (H) 22 (Ex) 

2 

Unlikely 

The unwanted event has happened in the 

business at some time; or could happen 

within 20 years 

2 (L) 5 (L) 9 (M) 14 (H) 19 (H) 

1 

Rare 

The unwanted event has never been known 

to occur in the business; is highly unlikely 

that it will within 20yrs 

1 (L) 3 (L) 6 (M) 10 (M) 15 (H) 
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ANNEXURE 9:  RESULTS OF THE PILOT STUDY 

 

SUMMARY OF PILOT STUDY RESULTS 

 

A pilot study phase was conducted with eight respondents to proactively identify the 

challenges other respondents will have in terms of completing the questionnaire. The reason 

for conducting a pilot study with eight respondents was solely due to time and financial 

constraints. Only seven respondents returned their questionnaires, translating to 87,5% 

response rate. A total of 301 observations were noted, derived from 43 questions completed 

by 7 respondents. 

 

No separate descriptive statistical analysis was conducted on the collected data due to the 

above-mentioned reasons. 


