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ABSTRACT 

A SAFETY ANALYSIS OF INDUSTRIAL ACCIDENTS 
by 

Ehsanollah Habibi 

Keywords: Idustrial Health & Safety , Coal Mining Hazards, Risk 
assessment, Hazard identifcation & Analysis, Human Factors in 
Engineering, Legislation, Measurement Of Safety Performance & 
Applications Accident Statistics & Measures, Safety 
Implementaion, Safety Management. 

A comprehensive study of accident records which have occured in 
Coal Mining Industries of Europe and U. S. A are analysed. 
The intention of the research was to establish relationships 
between the various accidents and prevention methods adopted by 
each country are evaluated and to assess the impact of industrial 
legislation in these various countries on accident rate are 
examined. 

The study analyses in paricular the fatal accident rate, and 
major and minor rate. The Major health hazards associated with 
coal mining are described in detail and discusses together with 
the Measurement of safety performance and its application in the 
Safety field. 

The study also examines the role of human factors in accidents 
also includes a summaries of fatal and major injury rates for 46 
countries. 

Arising from the research a number of recommendations for 
improving safety are requires further research are indentified. 
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CHAPTER ONE 

1.0 

INTRODUCTION 

The coal mining industry has long been recognized as one of 

the highest risk industries. One of the foremost reasons why 

risks are high is because of the nature of partly mining 

operations; particularly those carried out underground. 

Approximately 70 percent of annual Coal production comes from 

underground Hines, and the risks associated with this type of 

Mining are far more dangerous. 

Historically operational techniques and skills in coal 

mining were negligible amongs miners. This coupled with the 

fact that legislation was not introduced resulted in high 

accident rates in 16th century Europe. Investigations regarding 

accidents were carried out as early as 1712, when water in the 

mines became a hazardous problem. 

Coal mining legislation became necessary on the continent 

as far as back as 1781. There were inspectorates of mines and a 

schools of mining which were measures aimed at improving mining 
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conditions and safety. 

Explosions in the UK stirred up public conscience and led 

to the formation of the South Shield Committee in 1812 which 

investigated the causes of accidents in mines. This committee 

considered ventilation of mines, the use of safety lamps and 

planning procedure in mining. This committee made 

recommendations for the establishment of government inspection 

and training schemes to evaluate mine managers. Also the Sir 

Humphrey Davy design for a miner's safety lamp was recommended 

by the committee in order to help prevent mine explosions. 

Coal demand rapidly increased in the 18 century thus giving 

rise to vast expansion programmes in the coal mining industry 

in Europe. This meant that more people were employed, of course 

often untrained and unskilled, and as such accidents became 

more frequent and the list of casualties grew longer. As a 

result it became necessary in 1842 to introduce legislation in 

the UK to improve conditions and to establish extra safety 

measures in mines. 

As a result of a growing social awareness of the poor working 

conditions in munitions factories during the first world war, 

the Safety First Movement was founded. Because of a high 

turnover of labour in factories due to accidents and fatigue 

the government sponsored the industrial fatigue research board 
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to study conditions in these factories. Although much of the 

work of the safety first movement concentrated on welfare 

facilities and post accident treatment, it became aware that 

patterns of accidents did exist. 

Some of these accidents which were investigated fall in to 

the following categories : 

1- Those associated with handling goods 

Stumbling and falling 

3- Machinery 

4- Explosion, Fires 

Transport 

Human Aspect 

Human Error 

It was also realised that these accidents were expensive in 

terms of human life and industrial turn over. It was discovered 

that the expenses were high or low depending on the nature of 
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the accident. 

In those days, Coal Mining was regarded as the most hazardous 

industry and may still be regarded as one of the highest 

hazardous forms of employment among present day industrial 

occupations. 
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1.1 OBJECTIVE 

An object of the research is to conduct in depth study the 

causations of coal mining accidents and preventive measures and 

from analysis to compare the effectivess of preventive 

measures. In detail the thesis will address itself to: 

To study the principle of accident prevention recommended 

by the International Labour Organisation in the context of 

major coal producing countries of the World. 

2- To determine the causes and apply accident causation 

theories to the work situation in order to analyse the 

reason why some countries have been more successful than 

others in reducing accident rates. 

3- To investigate the role of the human dimension in accident 

causation. 

4- To evaluate the contribution to accident prevention made by 

the influences and pressures brought about by goverment 

Statutory regulation. 
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5- Study accidents in different coal producing countries, and 

to investigate and/ or compare the inter-relationship 

between accident rates and accident prevention measures. 

Also from these, to assess the effectiveness of accident 

prevention measures. 

To examined how the various accident prevention techniques 

have been applied by some European countries, and the 

effects of such preventive measures over 

the past two hundred years. 

7- From the studies and comparisons so far made, explain why 

some country have better safety records than others. 
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1.2 SCOPE OF THE THESIS: 

CHAPTER ONE: 

Introduction including background to research. 

CHAPTER TWO: 

The principle of accident prevention is reviewed, and 

causation theories are explored . Actual situations are studied 

in depth and records analysed with specific references to coal 

mining countries in Europe. The intention being to establish 

the relationships between the various techniques adopted by 

each country and to identify the best preventive techniques. 

The assessment methodology takes in to account the effects 

of geographical locations and industrial legislation relating 

to mining affecting causation and accident rates. 

CHAPTER THREE: 

The concept of total accident is reviewed and defined as to 

the various categories and modes of accidents together with 

terminologies such as total loss, hazard and risk are discussed 

and further referred to, for further use in the present study. 



9 

CHAPTER FOUR: 

A detailed study and analysis of causations using the 

specific parameters defined in the above terminology. For the 

purpose of the present study. 

CHAPTER FIVE: 

This chapter reviews current analytical methods suitable to 

evaluate parameter of interests, such as fatal frequency rates, 

and includes methods of presentation in a graphical forms. 

CHAPTER SIX: 

In this the Human factor effects on causations are 

discussed, together with human errors which are defined by the 

nature of the errors. Some typical causes are identified and 

listed for comparison. 

CHAPTER SEVEN: 

Specific and general conclusions arising from the results 

obtained are given together with corresponding recommendations 

for further areas of study. 
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CHAPTER TWO 

2.0 THEORIES OF ACCIDENT PREVENTION 

2.1 SINGLE CAUSATION THEORY 

A study of several thousand accidents by Heinrich in 1926 

showed that the accidental costs of accidents such as loss of 

time of the injured person and onlookers, coupled with damage to 

plant and equipment were four times the costs of compensation 

and medical treatment. Further research by him in 1929 

indicated that in a unit of 330 similar accidents due to the 

same cause there would be ratio of 1 accident which resulted in 

a major injury, 29 resulting in minor injuries and 300 

accidents with no injury, as illustrated in fig 2.1 ( See page 

15) 

Heinrich then investigated the causes of accidents in a 

greater depth and one in 1931 after the analysis of 75,000 

accidents he puts forward the Domino Theory. This was 
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revolutionary in concept and contrary to then established 

beliefs of accident causation. 

Heinrich analysed the sequence of events leading up to the 

occurrence of accidental injury and concluded that man-failure 

was the basic cause of accidents. He was of the opinion that 

the unsafe acts of employees were the cause of the majority of 

accidents; 88% of such accidents were caused by people, 10% 

caused by unsafe conditions and 2% were attributable to "Acts 

of God". Furthermore, he established that the contributory 

causes of accidents appeared in a causal sequence. In order to 

prevent the majority of accidents, methods of control should be 

directed towards avoiding man-failure which was the first step 

in the accident sequence. 

In other words Heinrich, H. believed that there was a 

single causation of accidents. To prevent further accidents he 

suggested that remedial work should be directed towards 

removing the single cause. He illustrated his theory by 

arranging five dominoes, each of which represented one factor 

in the accident sequence. Each factor is dependent on the other 

as shown in fig 2.1 
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THE FIVE FACTORS IN THE ACCIDENTS SEQUENCE ARE: 

1- Envirorment 

Personal fault 

Unsafe act, mechanical or physical hazard 

Accident 

Inj ury 

1- Envirorment 

Recklessness, stubbornness, avarice and 

other undesirable traits of character 

(temper and spitefulness) which may be 

passed along by inheritance. The environment 

may, develop undesirable traits of character 

or may interface with education. Both 

inheritance and environment cause fault of 
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person. 

Personal fault 

- The inherited or acquired faults of persons 

such as recklessness, violent temper, 

nervousness, excitability, 

inconsiderateness, ignorance of safe 

practice constitute proximate reasons for 

committing unsafe 'act or for the existence 

of physical or mechanical hazards. 

3- Unsafe act or mechanical or physical hazards. 

The unsafe performance of person, such as 

standing under suspended loads, starting 

machinery without warning, horse play, removal 

of safeguards, mechanical and physical 

hazards such as unguarded gears, unguarded 

point of operation absence of 

rail guards or insufficient light. 
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Accident 

- Events such as fall of persons, machinery or 

equipment, striking of persons by flying 

objects or pieces of machinery. 

Inj ury 

Fractures, lacerations, bruises are all the 

results of accidents. 

The five factors in the accident sequence may be expressed 

as in fig 2.1a. According to Heinrich the factor may react to 

produce an accident which in turn causes an injury, as 

illustrated in fig 2.1b. If a row of dominoes are placed on end 

and one falls, then the others will follow in-sequence. 

The domino theory suggests that if the sequence is 

interrupted by the removal of one or more of the first three 

dominoes the sequence is broken and the accident and subsequent 

injury can not occur. As shown in fig 2.1c, if either domino 1 

or 2 or 3 is removed the accident does not occur and the injury 

is thereby prevented. 
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This knowledge of the factors of an accident sequence is of 

paramount importance and remedial work should be directed 

towards the preventing or minimising of the contributory 

factors. 

The single causation theory states that "to prevent an 

accident remove the unsafe act or the unsafe condition". 

The single causation theory, or domino sequence has been 

accepted and widely applied by safety professionals because of 

its simplistic approach. It has formed the frame work for 

modern theories of accident causation and has stood the test of 

time. 
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figure 2.1 The Domino Accident Sequence 

Fig 2.1 A The Five Factors In the ActWent mpience 
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Fig. 2.1 B The Factor reast to produce an Injury 
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2.2 MULTIPLE CAUSATION THEORY 

Accident prevention work based on the Heinrich model - 

brought about a reduction in accidents from the earls 1930 to 

the late 1950's when a levelling off in frequency rates 

occurred. Some safety professionals were not satisfied with 

their studies based on the single causation theory which then 

considered to be too narrow. Bird and Loftus considered other 

contributory factors and carried out detailed research in to 

those management decisions which would contribute to the unsafe 

acts or unsafe conditions. 

They considered the four major elements of subsystems in the 

total business operation people, equipment, materials and 

environment-and analysed how each reacted on the other to 

produce the factors which could cause the accident. Their 

research resulted in the multiple causation theory. This states 

that the factors of an accident sequence combine together in 

random fashion to cause an accident. The factors of the updated 

domino sequence, which are shown in figure 2.2, are as follows: 

1- The root causes of accidents lie with lack of management 

control. 
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2- Basic causes of accidents are due to personal factors such 

as knowledge, ability motivation or job factors such as 

inadequate work practices. 

3- The immediate causes are due to unsafe act or mechanical or 

physical hazards. 

4- These causes react randomly together or individually to 

produce an accident. 

5- The accident manifests itself as a personal injury, 

property damage or a near miss. 
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Fisrure 2.2 The UlDdated Domino Seguence 
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With reference to figure 2.2 it will be seen that in the 

updated domino sequence, management decisions which affect 

these factors can be subdivided in to either root cause(s) or 

basic cause(s). The root cause(s) can be said to be lack of 

management control whereas the basic causes(s) is due to 

personal factors such as knowledge, ability, motivation 

on-the-job factors such as inadequate work practices. 

Detailed examination of the circumstances of the accident 

should lead to the establishment of those aspects of management 

which failed to recognise the factor leading to the accident. 

Consequently management did not act or reacted adversely to the 



21 

Consequently management did not act or reacted adversely to the 

contributory factors. Therefore, in order to prevent a 

recurrence it is necessary to identify the root or basic 

cause(s) and take the correct management decision for remedial 

work. If not the root or basic causes(s) will remain and 

accidents are likely to continue. The original work by Heinrich 

concentrated on the personal injury sustained by an individual 

as being the outcome of an accident. The updated domino theory 

by Bird and Loftas regarded the personal injury as being the 

symptom of the accident and not the result. 

Furthermore accidents not only produce personal injury but 

in some cases fatalities also damage to property and near 

misses, and other either randomly or in combination. 

Thus in order to prevent an accident an examination should 

be made of those aspects of management control which have a 

direct hearing on the accident sequence. 

2.3 CONCEPTUAL MODEL OF ACCIDENT CAUSATION 

In the 1970s development took' place in management systems 

which, in turn, brought about changes in the philosophy of 

accident prevention. Because of the growing awareness of the 
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importance of Health and Safety in the workplace, through 

political pressure and trade union activity, there has been an 

increase in the employment of safety professionals. 

With the Health and Safety at work Atc, 1974 there has been 

the need for the management of companies to produce safety 

policies coupled with the appropriate organisation and 

arrangements to implement these policies. Consequently, 

management systems have identified witnesses to establish, or 

otherwise, the strength of the accident prevention techniques. 

Under the Safety Representives and Safety Committee Regulation 

1977, trade unions in the Uk have the Statutory right to check 

the effectiveness of a company's safety policy. - Such 

legislation has shown a need for improved controls by 

management to prevent injury and sickness and also to reduce 

losses due to fire, avoid claims arising from damage to 

property and product liability. 

In the previous section the work of Bird and Loftus was 

discussed, which introduced the Updated Domino Theory with its 

root and basic causes. By the late 1970s safety professionals 

sought further reasons as to why accidents were caused. The 

Health and Safety legislation of most countries requires that 

employers produce a statement of their intentions with respect 

to health and safety. Such safety policy statements have to be 

implemented by arrangements which indicate how management 
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translates the policy into practice. For example, the 

arrangement should cover the types of inspection that are going 

to be made; the frequency of such inspections; the monitoring 

of the atmosphere for noise, injurious dusts or gases; the 

training to be given and so forth. When analysing the 

circumstances of an accident it is now thought necessary to 

extend the consideration of root or basic causes to the 

indirect causes. 

In recent years the style of management in operation at the 

place of work has been considered as an indirect contributory 

factor in the accident sequence. Critical examination of these 

factors which contribute to the components of the work task 

such as knowledge, ability, motivation, as well as the safety 

policy arrangements assist in identifying root causes of 

accidents. 

Deficiencies in the normal functions of management in the 

areas of planning, organising, motivating and control help to 

pinpoint the root causes of accidents . This is illustrated in 

the conceptual model of accident causation figure 2.3 
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fig 2.3 The ConceRtual Model of Accident Causation 

Indirect Cause(s) Root Cause(s) Basic Cause(s) Resulting in 

Personal Fault Lack Of know- Unsafe Acts Personal 
ledge, ability Injury or 
Motivation Death 

Workplace Arrangements Unsafe Property 
to implement Conditions Damage 

Environment Safety Policy 

It is now accepted that the indirect causes of accidents 

are a function of the psychological aspects of the working 

envirorunent at the workplace. Therefore the safety professional 

should examine the type of management style in operation. 

For example the indirect cause of an accident may be 

attributed to the personal fault of the individual. Mcgregor, in 

his Study "The Human Side Of Enterprise" suggests that 

individuals react differently to various management styles in 

the workplace. Theory X type of management, which is rigorous 

and uses punishment as a means of control, does not give 

individuals the opportunity to fulfil themselves. 

Alternately, theory Y type of management allows the individual 
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to direct himself towards the aims of the organisation; to 

accept and seek responsibility; to use his imagination, 

creativity and ingenuity to solve work problems collectively. 

When analysing accidents the indirect cause may be 

attributed to failure of the function of management to 

recognise the psychological ambience and thereby apply the 

wrong type of management decision. Individuals react to the X 

type of management by work withdrawal, especially where there 

is a poor psychological atmosphere. This is particularly so 

when the accidents involved produce minor injuries. 

A study of accidents by Hill, J. M. M and Trist at the 

Tavistock Institute showed that certain individuals reacted to 

minor injury by "voluntarily" staying away from work for 

prolonged periods where such conditions existed. Such indirect 

causes are regarded as being due to "personal fault" (reference 

figure 2.4). 

In relation to the workgroup as a whole the effect of 

management function has been found to be extensive. According 

to Etzioni, F. workgroup types within organisations are 

coercive, remunerative or normative. 

The coercive workgroup is forced to behave in a certain 

manner through the fear of sanctions. Where the style of 
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management is such that coercive workgroups exist there will be 

conflict which manifests itself in work withdrawal or acts 

which undermine authority. Where there are remunerative 

workgroups they will only do things because they are paid to do 

so and they go through the motions of complying with no sense 

of commitment. 

The normative workgroup will accept influence from within the 

group because they feel a moral and ethical obligation to do 

so. Therefore, it pays management to recognise the type or 

types of workgroup which exist within the workplace and adapt 

their management style to meet with the needs of the group. For 

example, if the accident analysis indicates that the causes of 

accidents lie within the workplace environment the safety rules 

should be directed towards that type of workplace group. If 

accidents due to the workplace environment are to be prevented 

management styles should recognise and react to the type of 

workplace group which exists. 

2.4 Principles And Foundations Of Accident Prevention 

The use of statutory measures to control potential accident 

producing work situations has been practiced in the Uk for 

nearly two centuries. Traditionally, safety legislation was 

introduced as the result of social and moral pressures on the 
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government. The humanitarian efforts during the Industrial 

Revolution were directed at reducing the hours of employment 

and protecting the health of the workers. As industrial 

techniques increased so did the number of hazards and the 

numbers of accidents involving machinery. 

The legislation, which was aimed at securing a safe place 

of work or a safe system of work, developed in a fragmented 

way. Studies of the costs of accidents highlighted the various 

costs of such accidents to the employer, the employee and the 

state and this gave a new impetus to accident prevention. The 

techniques adopted in the 1940s and 1950s were based on human, 

legal and economic foundations and the remedies for preventing 

accidents were to be found within Engineering, Education and 

Enforcement. 

Fig 2.4 The Foundation of Accident Prevention 
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Engineering was concerned with the design of the system of 

work coupled with conditions within the workplace environment 

such as the provision of guards or other protective devices. 

Education was considered equally important and was aimed at 

ensuring the worker performed his task safely and thereby 

reduced the number of unsafe acts. 

In the 1960s attention was drawn to the hidden accidents. 

These were accidents which resulted in damage to property but 

in which no personal injury or fatalities had been sustained. 

Many of these accidents were seldom reported. Reference has 

been made in section 2.1 to the work by Heinrich, H. W. who 

estimated that for every accident in which personal injury had 

been sustained there were at least four others in which there 

was damage to property only. Work by FE Bird emphasised that 

if further improvements in safety were to be achieved attention 

should be paid to the causes of property damage accidents. 

Consequently, accident prevention techniques incorporated such 

principles. This philosophy was also reflected in the Coal 

Mines which were required to notify HM Inspector of Mines 

whenever there were specified dangerous occurrences, 

irrespective of whether or not persons had been injured by such 

accidents. 

During the decade of the 1970s attention was focused on the 
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concepts of Total Loss Control. Accident prevention measures 

were directed towards any accidents which downgraded work 

activities and thereby caused a loss of company assets. This 

involved the control of the circumstances in which loss of 

company assets occurred. Total Loss Control examined the areas 

of personal injury, property damage, product safety, fires, 

security, health and hygiene, off-the -job safety, pollution 

and other work activities which may affect those in the 

neighbourhood of the workplace. 

The four main elements of the technique are risk 

identification; risk avoidance; risk retention; and risk 

transfer. The risk identification process involves the 

inspection of the workplace to identify unsafe acts and unsafe 

conditions; the analysis of accident records to highlight the 

types of accidents which are occurring; and the distribution of 

accidents to the individuals involved by age, sex and shift 

worked. Risk reduction in concerned with improvements in the 

system of work, the provision of guards or protective clothing 

and equipment and improved safety training. Section 3.1.3 

discusses Total Loss Control in detail. 
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2.4.1 International Labour Organisation Recommendations 

The International Labour Organisation (ILO) has recognised 

that accident prevention techniques have developed at different 

speeds in different countries. In the industrially advanced 

countries safety regulations and techniques have gradually been 

built up as industrialisation has taken place and much 

experience has been acquired with regard to the enforcement of 

such regulations. In the less industrially developed countries 

the same experience does not exist. Consequently, the ILO 

issued a model code of Safety Regulation for Industrial 

Establishments in 1959. This code is recommended to governments 

and industries as a means of contributing to the elimination of 

danger to life and to secure the safety and health of workers 

in industrial establishments. 

A country does not have to automatically adopt or comply 

with these recommendations. The administrative procedure is 

that the ILO calls a delegate conference at which each of the 

proposals is debated and, if considered necessary, amended. 

Having decided upon the adoption of certain proposals the 

conference issues its Convention for registration with ILD. A 

member country, after consultation with repersenatives of both 

employers and employees organisations, may exclude any part or 

parts of the Convention from its application to any branch of 

economic activity within that country. 
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Once the Convention (or any amendment which is known as the 

Recommendation) has been ratified by the member country it is 

registered with the ILO. 

The model code of Safety Regulation makes recommendations 

with respect to the framework of health and safety legislation; 

the responsibility for enforcing all official regulations 

relating to industrial safety and hygiene activities; the 

provision and compliance with safety rules in each industrial 

establishment; joint consultation with the workers through 

their safety delegates and safety committees; the appointment 

of safety officials and, where necessary, other safety 

personnel such as nurses and medical officers; the compilation 

of accident reports, records and statistics; and other aspects 

which contribute towards a reduction of accidents and an 

improvement in the quality of working life. 

According to the ILO there are a number of basic principles 

upon which the foundations of accident prevention are laid. 

These principles include: 

1- Statutory Acts and Regulations 

These lay down minimum safety standards with respect to 

general working conditions; inspections to detect hazardous 

situations; duties imposed on employers and employees, 

designers and manufacturers; cooperation between employees, and 
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employees; maintenance of equipment; provision for first aid 

and medical examination; safe operating procedures; emergency 

control. 

2- Enforcement of Health and Safety Legislation 

Statutory inspections by trained, competent enforcement 

officers with the facility of imposing sanctions for 

non-compliance. 

3- Employers Safety Organisation and Administration 

A statement of intent by the employer to provide safe 

places of work and safe systems of work together with 

allocation of responsibility for safety to members of 

management and supervisory staff. 

Joint Consultation 

The provision of facilities whereby employee 

representatives can make a contribution towards accident 

prevention by periodic inspections for potential accident 

situations and for investigating the cause of accidents. 
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Safety Education and Training 

Induction training to be given to new starters followed by 

practical instruction in general and specific terms so that the 

miner is given knowledge to perform his task in a safe manner. 

This should be extended to cover additional training for new 

system or machinery. A safety awareness should be created by 

safety education within basic courses in trade schools. 

6- Accident Investigation. Statistics and Reporting Procedures 

Investigations into the causes of accidents to reveal the 

types of accidents which are occurring, in what numbers, to 

whom and during which operation. The measurement of safety 

performance. Facilities should also be available to process 

this data so that rapid interpretation of trends can be made. 

Ergonomics 

The application of ergonomics to the design of mine layout, 

face systems and schemes of transport. The design of manual 

operating controls to fit the workers. 
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8- PsvcholoRical and Motivational Aspects 

The use of psychological and motivational techniques to 

promote and develop safety awareness and correct attitudes. 

9- Technolozical Research 

The study of methods of preventing firedamp and dust 

explosions; research into the characteristics of materials used 

in mining equipment; the testing of electrical equipment in 

hazardous atmospheres. 

10 - Accident Compensation and Insurances 

The use of accident injury insurance as a means of inducing 

plant owners to take preventative action. The award of 
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compensation to worker injured at work. 

From the above, the first eight principles are directly 

concerned with the statutory aspects associated with 

arrangements required to implement the safety policy of the 

individual mine. The presents research attempts to identify how 

each country introduces and implements these principles and 

endeavours to assess why the industry in some countries have 

accident prevention records which are better than others. This 

is studied in detail in chapter 4. 
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Fig 2.5 System Diagram of the PrinciiDles of Accident 
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2.5 Legislation 

It will be noted from the introduction in section 1.1 that 

legislation has been the main principle of accident prevention. 

The normal pattern has been to introduce legislation following 

accidents where there has been major loss of life, severe 

injury or ill health. Such legislation has attempted to prevent 

accidents by prescribing minimum standards with respect to the 

working environment and thereby preventing the occurrence of 

the unsafe act or unsafe condition which led up to the 

accident. 

Where known hazardous substances were used which were 

injurious to health, the legislation prohibited their use or 

minimised the time of exposure to that substance. Legislation 

has attempted to control accidents by means of negative action 

through prescribed standards. 

In all countries studied in the present research there is a 

requirement to provide such training. However, the degree of 

training and standards varies from general safety training for 

all new starters to a very specific requirement in certain 

specialisations such as colliery manager, surveyor or 

underofficial. Over recent years both the ILO and CEC have been 

concerned with the fact that the amount of safety training 

given is insufficient and recommendations have been issued for 

improvements to be made in the amount of skills and knowledge 
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training to be given to all workers employed in coalmines. 

Further recommendations have also been made to extend the 

knowledge of aspects of occupational safety and health in the 

working environment to higher technical, professional and 

medical educational courses. 

2.5.1 The Employers' Safety Organisation and Administration 

Without leadership from senior management there can be no 

really effective means to prevent accidents. In all countries 

studied there is a requirement for the employer to produce a 

statement of intent to ensure the health and safety of its 

employees. The aim of the policy should be to prevent, or at 

least minimise, accidents and injury to health arising from 

work activities. The policy should be supported by the 

allocation of safety responsibilities to all levels of the 

working group and all aspects of the undertaking. To be 

effective it should be implemented by appropriate arrangement 

to ensure compliance by specifying the types and frequency of 

inspections to be made coupled with other measures for 

preventing accidents or industrial ill health. 

The degree of influence created by senior management has a 

marked effect on safety throughout the undertaking. If senior 
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management are actively interested in safety then engineers, 

foremen and the workforce will likewise show concern for 

safety. A key person in the enforcement of works safety rules 

is the supervisor. It is essential that foremen be convinced 

that safety is as important as production or wastage of 

materials. If he shows lack of safety awareness then those 

working under him may also show a similar tendency by 

performing their tasks in an unsafe manner or leaving unsafe 

conditions at the place of work. Also there are other 

specialists within the organisation who can play an active part 

in securing the implementation of the safety policy. Amongst 

these are engineers and safety professionals. 

It is important that line, management as well as staff 

members are allocated safety responsibilities and are informed 

of their duties. Furthermore, it is equally necessary for then 

to be provided with the financial resources to carry out their 

tasks. Many preventative measures fail because there is no 

management action plan. 

2.5.2 SAFETY EDUCATION AND TRAINING 

It is essential that safety education and training must be 

given to all employees from managing director to shopfloor. In 

particular, at the most elementary level this education should 
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be directed at achieving a safety awareness so that the 

individual will conduct himself safely at his place of work and 

not to endanger others by his actions. 

All have recognised that training schemes must equip the 

workforce for the tasks associated with changing systems of 

mining. The training and education should be based on both 

theory and practice and it must keep continually abreast of 

modern techniques. 

The accident statistics which are available are not 

strictly comparable because countries measure their safety 

performance in different ways. The general trend of fatal 

accident statistics is downwards in spite of the intensive 

increase in mechanisation of the coal mining process. This 

process has led to an increase in the normal hazards such as an 

increase in firedamp emission, airborne dust, strate control 

problems and risk of firedamp ignition. However, it has been 

shown that most of these hazards can be contained by new safety 

technology. 

In the countries studied by this research accidents due to 

falls of ground have been replaced as the major cause of 

fatalities by accident due to haulage and transport. This 

indicates that improvements are needed in the design of mine 
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transport systems coupled with increased awareness of these 

dangers. 

The increased demand for coal due to the oil crisis (i. e. 

increased prices) has meant that coal output is now being 

obtained from parts of countries where there has been little or 

no previous coal mining experience. Consequently, recruitment 

of mineworkers has been from a labour force which has little or 

no mine safety awareness. The induction training to be given to 

such new starters must be of the highest order and experience 

in the USA has shown that fatalities amongst new starters is 

very common. 

In consequence, the US Bureau Of Mining has made considerable 

funds available to increase the amount of safety training 

given. 

A large input-of Health and Safety must be included in all 

safety training schemes weather for the mine workers or 

colliery manager. It should be built in to schemes for both a 

general safety awareness and also a specific safety knowledge 

in the areas of high technology. The mineworker should be 

trained to perform his task in a safe manner; this must be 

extended whenever additional work, new systems mining or now 

machinery is introduced. Such schemes should include practical 

instruction based on mining situations likely to be met by the 
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trainee and must take in to account the educational and 

cultural background of the trainee. 

2.5.3 Accident Investigation, Statistics And Reporting 

Procedures 

Accident statistics have been used by safety professional 

as a means of identifying trends and to assess whether accident 

prevention measures are effective. Furthermore if accidents are 

to be prevented it is necessary to know what classes of workers 

are involved in accidents, the types of machinery involved and the 

various inputs such as unsafe acts or unsafe conditions which 

form part of the causes. 

, It is vital therefore to examine the scene of any accident 

which causes a death, serious injury or dangerous occurrence in 

order to ascertain the basic root or direct causes. -Likewise, 

if the hidden accidents are to be investigated it is necessary 

to make arrangement to report minor accidents and damage to 

property. 

The site of the accident should be examined as soon as possible 

so that witnesses maybe interviewed before the circumstances of 

the accident are forgotten. it is useful to consider joint 

inspection with representatives of the employees in the context 
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of a subsystem. The main purpose of the inspection will be to 

determine the causes leading up to the accident so that 

remedial steps may be taken to safeguard against further 

accidents. Unfortunately in some instances joint investigations 

have resulted in apportioning blame rather than identifying 

causes. 

Whenever accidents involving machinery occur it is 

necessary to inspect the relevant documents such as inspection 

reports and maintenance manuals. Certain accidents and 

dangerous occurrences have to be notified to the enforcing 

authority and in such circumstances it may be necessary to 

leave the site of the accident undisturbed until inspected by 

such an authority. It is essential that nothing is moved which 

has contributed to the accident, except where the safety is at 

risk. 

Much debate has centered about the indices to be used in 

measuring safety performance. Whatever scheme is used it should 

have the facility of being able to quickly process the data so 

that a rapid interpretation of trends can be made increasing 

using computers so that information processing can be completed 

quickly. 
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2.5.4 Ergonomics 

In providing a safe system of work it is necessary for the 

employer to involve designers and planners in the layout of the 

mine. Several countries studied in the present research have 

statutory requirements to ensure that such designs are safe and 

without risk to health. During recent years several techniques 

have been adopted by mine planners -which attempt to reduce 

potential accidents. - Human factor engineering should be 

involved in the design of such layout and system of work. The 

aim of ergonomics is to consider the relationship between the 

miner and his working environment by considering factors 

involving design features, ý the actual physical working 

environment and organisational factors such as method 

study, shift work, age of employees, and age of plant. 

It also applies anatomy, physiology and psychology in 

addition to cybernetics in order to improve man's working 

efficiency. 

2.5.5 PSYCHOLOGICAL AND MOTIVATIONAL ASPECTS 

, -Reference 
has been made in ch. 6 regarding the behavioural 

inputs to the models of accident causation. Over the past 
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decade it has become apparent that accident prevention 

techniques concerned with upgrading the physical conditions 

have prevented the majority of accident due to unsafe 

conditions. The pattern of accident causes has changed from the 

majority being due to unsafe conditions to now being due to 

unsafe acts. 

The current prevention approach is more concerned with the 

psychological and motivational inputs in the workplace 

environment then in the past. 

This becomes increasingly important when one considers the 

current workforce. The modern miner is better educated than his 

forefather, financially more secure, used -to handling very 

expensive machinery and has much higher leveI of job 

expectation and satisfaction than in previous generations. 

Consequently, if management is to make further progress in 

the reduction of accidents it is necessary to increase 

preventative measures which are designed to improve the 

psychological atmosphere at the place of work. Such work 

requires a better understanding of organisations the role of 

individuals within the organisation and their reaction to 

others within the group as a whole. The behaviour of persons 

either as one individual or as a group has to be understood if 

there is to be an effective reduction in the human aspects of 

causation. 
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Motivation aspects of accident prevention are increasing 

with social and technological changes. As the age pattern 

changes with the retirement of the older workers. It therefore 

becomes necessary to examine the factors relating to the style 

of management at the place of work, taking into consideration 

the above factors. 

2.5.6 Accident Compensation And Insurance 

The last principle of accident prevention considered by the 

ILO is the area of insurance to mitigate the effects of payment 

of damages awarded to injured persons. Over the last decade the 

amounts of money awarded by the court to those injured in 

accidents has escalated. 

In consequence, the premium required by insurance companies 

to cover employes liability claims has matched this rise. In 

some countries such as Canada and parts of the USA this 

principle has been adopted as a means of encouraging employers 

to take a more active interest in preventing accidents. By 

means of a no-fault liability scheme any mineworker injured in 

an accident is automatically entitled to compensation, free 

medical aid and rehabilitation. Such compensation is usually 

fixed at about 75% of earning and the injured person does not 
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have to prove fault. However, the injured person no longer has 

the right to sue his employer for damages. 

The funding for such a scheme is levied upon the employers 

by the Workers Compensation Board and the value of the levy is 

determined by injured experience within the industry. A mine 

having a good safety record may apply for reclassification and 

rebate of part of the premium. 

Conversely, a mine with a bad safety record and ineffective 

accident prevention schemes may be surcharged additional 

premiums. In the event of a serious or multiple involved 

accident further monies can be surcharged. This system has been 

used as a means of motivating management to take additional 

preventative measures. In the UK. it has not been used because 

of the existing state industrial injuries scheme. 

Safety effort is concerned with influencing the design of 

operations and systems. A way of measuring whether this effort 

has been successful is by studying reportable accident 

statistics and relating these to coal output. 

Better ways of measuring safety will be discussed later but 

this does not imply that accident statistics have no value. 

Indeed, they do, but they are always exposed to the charge of 

being tainted, and sometimes are. Prior to 1923, accident 
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rates 

were compared by considering the number of persons killed or 

injured per thousand employed. This method ignored the time of 

exposure to risk brought about by irregularity of employment. 

A good basis for comparison must take into consideration 

the time during which workers are exposed to the risk of their 

task. To this end, accident rates are now related to the number 

of manhours worked. To obtain more accurate comparisons, 

account could be taken, in the case of face workers, of machine 

available time, for example. 

It should here be noted that on lst January 1981, the 

Notification of Accidents and Dangerous Occurrences Regulation, 

1980, came into effect. As a result, a break has occurred in 

the statistical series, and figures for 1981 onwards are not 

comparable with those for earlier years. 

Technical design and systems have rapidly evolved through 

investment during this period - the same investment has also 

purchased the improved accident rates through the application 

of this evolving technology. These two are mutually dependent. 
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There are three types of accident for which figures are 

available. An accident is reportable under the Mines and 

Quarries Act -if it causes loss of life or serious injury. (In 

January 1981, the definition was changed to major injury). In 

addition, the NCB provides details of over- 3-day accidents. 

The relationship between the three reportable categories shows 

a surprisingly constant ratio, when one considers the chance 

element of accidents. 

This relationship may be shown by drawing an accident triangle, 

taken from 1978 to 1982. Similar triangles may be drawn for 

different tasks, and the ratios derived from published 

statistics over the years 1978-1982 are shown next page. It is 

readily seen that each task has its own accident triangle. 

Further reference will be made to these triangles when 

considering the cost of accidents, near-miss accidents and 

plant and system damage. It will be seen that the triangles 

have more use than that of simply providing an academic 

exercise. 

Comparison of the all accident ratio with that for 

'Stumbling, 
Falling and Slipping shows, not surprisingly, that 

there is more chance of a minor injury in the latter category 

and less chance of a fatality. The following three ratios 

identify the nature of the problem. 
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All Accidents 1 15 850 

Haulage and Transport 1 10 100 

Haulage and Transport (adjusted) 8 85 850 

The chance of a fatality is eight times greater when 

working on haulage and transport, and the chance of a serious 

injury is about six times more. The risk is greater and this 

bears testimony to the point already made that the accident 

rate is unacceptably high in this task, and that investment in 

new technology is necessary within a new paradigm. 

The point is made in 'Mines - Health and Safety 19821, that 

such major injuries (serious reportable) accounted for 38% of 

all accidents underground in that year. 

There is a call for continued investment in improved systems 

which remove persons from exposure, and the call for safety 

must made its impact in this activity. 
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CHAPTER THREE 

3.0 DEFINITION AND METHODOIA)GY 

3,1 

Safetj 

Perhaps the most obvious and acceptable definition of safe 

is: "Free from danger" but this may be too absolute a meaning 

to apply when discussing safe work places. 

To give an exaggerated example, a well trained operator of 

a well designed and well guarded machine may be considered safe 

but there is a chance, however remote, that an aeroplane may 

crash on to the factory and kill him, therefore he can not be 

said to be free from danger. 

It is technically possible to contruct factories that 

resist the impact of crashing aeroplanes but the financial cost 

would be prohibitive. Consequently while a danger of risk is 

always present, it is likely that the great majority of workers 

would be prepared to accept the risk, of an aeroplane crashing 

on their workplace. It will be seen later that such a crash can 

be quantified by using probablity theories. 
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Safety was defined by J. Magid (1979) as the opposite of 

danger, i. e. absolute freedom from hazards represents absolute 

safety , However, this is again an ideal which which can have 

realised. Safety can be achived by reduction of hazards. 

Safe and Safety are indeed words that can have many 

meanings and thus require to be used with care. This is so 

particularly when used subjectively; i. e what is considered 

safe by A may be considered unsafe by B. 

Firenze (1973) pointed out that safety as commonly used is 

associated with emotion, generly words such as "love", nhate", 

" fear ...... He accordingly defines "safety " as accident 

prevention. 

Accident Prevention 

This was defined by Bridgewater (1965: 73) as "to keep from 

happening an unusual or unexpected event producing physical 

injury or loss of property. " 

Safety is also defined in the American Society Of Safety 

Engineers Dictionary , as nthe application of countermeasures 
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designed to reduce accidents or accident potential within a 

system or organisation or activity". 

Safety Education 

This was defined by Worick (1975: 3) as, "the sum of 

experience that favourably affects the development of habits, 

skill, attitudes, and knowledge codactive to safe behaviour. " 

Danaer 

J. Magid (1979) defined danger as an expression of the 

degree of exposure to a hazard by taking suitable precautions, 

the danger or degree of exposure to a given hazard is reduced. 

J. Magid(1979). For example the guarding of machinery or the 

insulation of an electric cable reduces the danger or degree of 

exposure to the hazard. 

Probabilija 

"Is an objective mathematical term having a value between 0 

and 1, where 0 represents complete impossibility and 

represents absolute certainty" (J. Magid, 1979). 
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Hazard 

Hemmer(1981) defined a hazard as a condition with a 

potential for causing injury or damage . Damage or loss i. e. 

when a hazard is present the possibility exists of these 

adverse effects occurring; this definition is acceptable. His 

definition of damage as an expression of-relative exposure to 

hazard is also acceptable but the degree of danger to people 

depends very much on the precaution- taken and also upon 

personal conduct when facing hazardous situations. 

Risk 

Hemmer defines risk as "a subjective probability that a 

person with a knowledge of the degree of the protection 

available willingly performs an action knowing that he may make 

a mistake in the presence of a hazard". 

3.2 AN ACCIDENT IS 

Accidents so far have been considered only in relation to 

people, and have ranged from death to accidents causing over 

three days' absence from work. To develop a safety policy, it 

is necessary to broaden the definition of an accident and then 

to expand the accident triangle given in chapter two. 
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Reid. W. (1938-39) wrote about 'greater safety' in the 

coalfield operated by the Fife Coal Board Company, making 

points which are stil relevant today. 

Ever7 accIdent, whether or not Injury results, should be 

Invest1gated and ever7 endeavour subsequent17 made to 

prevent a recurrence. It Is not sufficlent merely to 

InvestIgate an accIdent InvolvIng, Injury; many falls, 

breakages, etc., occur whereln through good fortune, no one 

Is Injured. 

He further stated that, in those collieries with the best 

safety records are found the lowest production costs, greater 

freedom from breakdown, and less interruption of output. 

3.2.1 Definition of An Accident 

There are many possible definitions of an accident and 

adoption of a particular definition may depend on the use which 

are may wish to make of the definition. The Oxford English 

Dictionary states: 
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I- Anything that happens without foresight or expection, 

an unusual event which proceeds from some unknown 

cause or Is an unusual effect of a known cause; 

casualty, a contIngency. 

2- An unfortunate event, a d1saster, a mlshap. 

The first category, refers to the reasons for the 

occurrence and Is a far broader definition than the 

second, whIch 'really refers to the consequences of the 

occurrence. The unfortunate event In the second part of the 

defInItIon may vell follov from the unusual event of the 

The accepted legal definition of an accident is some 

concrete happening which intervenes on obtrudes itself upon the 

normal course of employment. It has the ordinary everyday 

meaning of an unlooked for mishap or an untoward event which is 

not expected or designed by the victim ( Samuels 1948). 

The use of "victim" suggests that the happening has resulted in 

some injury or damaged to some person and the phrase ordinary 

everyday meaning leaves much to the discretion of a judge. 

The definition for the purpose of industrial safety 

generally takes into account personal injury and damage to 
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property e. g. Greenberg (1971): "An event which may cause 

property damage and/or personal injury, but always disrupts the 

normal process of work. " The -interruption of normal work 

operation is also mentioned by many others (e. g. Bird and 

Germaing 1966). 

The American Society Of Safety Engineers' Dictionary says 

of an accident "An unplanned and sometimes injurious or 

damaging event which interrupts the normal progress of an 

activity and is invariably preceded by an unsafe act or unsafe 

condition or some combination thereof. An accident may be seen 

as resulting from a failure to identify a hazard or from some 

inadequacy in an existing system of hazard controls. Based on 

applications in causality insurance, an event that is definite 

in point of time and place but unexpected as to either its 

occurrence or its results. " 

It is an axiom of accident prevention that all accidents 

have causes and a further act of faith that the great majority, 

perhaps 99% are preventable in principle. But since the cause 

of an accident itself must have its own cause, causes are 

usually classed as direct or proximate causes, contributory 

causes and underlying or enabling causes. 

The direct cause of a preventable accident could be human 

error or some unsafe condition-mechanical, physical, chemical 
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or environmental. The cause of the unsafe condition, i. e. the 

underlying cause of the accident is again usually human error 

or ignorance. It is seldom however that a single cause'on its 

own results in an accident. Usually there is a combination of 

causes. Where one is predominant it is usually referred to as 

the direct cause whilst others may be contributory causes. 

3.3 Hazard 

The causes of accidents generally remain latent for some 

time before an accident occurs. These latent or potential 

causes are hazards. A hazard is a condition with the potential 

of causing injury or damage. Hazards are sometimes referred to 

as equivalent in meaning as accident causes. But a clear 

distinction should be made. ( A hazard can exist without an 

accident whereas an causes without an accident is 

self-exclusive). Some American writers classify hazards as been 

primary, initiating as contributory hazards (Hammer, W. 1972). 

Hazard recognition, diagnosis and elimination are essential 

to any successful safety programmes and form some part of this 

study which are discussed in more detail in the following 

sections. 
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3.3.1 HAZARD RECOGNITION 

As with financial speculation, there are two approaches to 

hazard recognition. The "fundamental" and the "technical" 

approach, better known as Total Loss Control (Tye, J. 1979). The 

fundamental approach is essential to a study of all possible 

hazards that could exist - first qualitatively, to try to be 

sure that when a hazard is identified one can then 

quantitatively try to calculate the probability inherent in 

each hazard and the overall probability of an accident 

occuring. 

3.4 'Total Accident' Definition 

To define a 'total accident' one must start at a high level 

of abstraction and, through a systems approach, trace the 

contributory faults through several levels of detail. A total 

accident definition is suggested by this study: 

A 'total accident' 

an unwanted transfer of energy 

resulting due to a lack of barriers and/or controls 

which produce injury to Persons and/or damage to plant 

and/or so interruption to the system 
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the latter being preceded by sequences of planning and 

operational error which fail to adjust to changes in 

physical or human factors and produce unsafe 

conditions and/or acts 

the accident then arising out of the risk in the 

activity so interrupting or deRrading that activity. 

The more serious 'human accidents' are well chartered. The 

'total accident' as defined above, is not, because it is an 

unplanned interruption to the system, causing 'injury,, not 

only to people but also to equipment and the system itself. 

Fizure 3.1 Total-Accident TrianRle. 

Fatal 1 
Recorded Human 

Serious 15 Accidents 

Three day 
absence 850 

Unrecorded 
Accidents 

rded 

! iss 

. nts 
Near-Miss 
Accidents The System 

Plant 
Damage 
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The total accident triangle (Figure 3.1) illustrates the 

inseparability of safety, equipment and system. The nearer one 

moves toward that objective, the safer the colliery will be 

and the greater will be the productivity. The total-safety has 

an indelible impact on the design of mining equipment and 

systems. 

The total loss within the triangle can, in fact, be 

quantified and this is later discussed in the section on 'Cost 

of Accidents'. Important, at this stage, are the ways in which 

Total Loss may be recognised and controlled. 

3.5 TOTAL LOSS CONTROL 

Accident research theories centre around the concept of 

multi- causality and human reliability. Of the multiple causes, 

there are two main ones leading to a critical incident which 

may have several outcomes, as can be seen in Figure 3.2. 
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Figure 3.2 Events leading to an accident or other outcome 

PEOPLE 

Envirorunent Personal 
Causes Causes 
Unsafe Unsafe Acts 
Conditions 

CAL 

Injury Dalage-, Injury I Damage A 

The Total Loss in any business, however, comprises injury 

to persons, and damage to equipment and the production system. 

Many managers have not realised that the causes of 

'production interruption' are generally the same as those of 

'injury accidents', and have attacked the tip of the total 

accident triangle without appreciating that the causes may be 

hidden in the base of the triangle. They practice 'injury 

protection', rather than 'accident prevention'. 

The concept of the control of total loss was introduced by 

James(1970), the Director-General of the British Safety Council. 

As I explained earlier, in 1931, Heinrich, found a ratio of one 
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major to 20 minor to 300 no injury accidents. In 1969, Bird, 

extended this studies and found the ratio of major to minor 

injuries as 1: 10 that of major , minor and no injuries accident 

were is the ratio respectively of 1: 30: 300. He also found that 

there were 30 plant damage incidents as compared to 600 

near-misses. Both the above studies applied to colliery 

working. Both these ratios are set out in Figure 3.3. 

Figure 3.3 Conarison Of Heinrich and Bird Accident__, 

1 Major Injury 1 Major Injury 
29 Minor Injury 10 Minor Injury 
300 No Injury 30 Plant Damage 

600 Near-Miss 
Accidents 

Heinrich Bird 
III 

The implication of the Bird-Triangle can be illustrated by 

considering a stone falling from the roof of a tunel. 

- As 600 times near-miss incidents occur, where the 

stone falls; from the roof then 

- 30 times it falls onto plant, causing damage. 

- 10 times it falls on a person, causing a minor 

inj ury. 

1 time produces a fatalities or a major injury. 
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3.6 'NEAR-HIT' ACCIDENTS 

A study of near-hit, or near-miss, accidents, as they are 

commonly referred to, has effective advantages, according 

to La "Gerlof, E. (1976)and Chapanis, A(1965). 

More critical incidents or near-accidents occur than 

accidents. Therefore more are available for study. 

A fuller description can be obtained as the person remains 

at the workplace and can state immediately what happened. 

People are more likely to admit an error when the outcome 

is not an accident. 

A study of critical incidents provides guidelines for 

accident prevention. 

Such surveys show how a near-miss occurred, rather than an 

accident, but not why it occurred. A study should also be made 

of risk-taking behaviour and the effects of work 

organisation. 

3.7 NEAR-MISS AND MINOR ACCIDENT STUDIES 
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Nussey, C. and Thompson, H. (1982) reported on the joint 

work of the Safety Engineering Laboratory (SEL) of the HSE and 

NCB. This was a study of routinely available information 

concerning minor injuries associated with transport and 

handling accidents at six collieries. 

A few random comments are taken from the report to 

illustrate the value of such investigations for Total Loss 

Control and its management: 

Four or five times as many accidents are included in 

the 'transport' group as are shown in published 

statistics. 

Haulage workers have the highest risk of sustaining an 

over-3-day injury (about one every three years). 

It is estimated that 1 in 200 vehicles cause an injury 

being that required reporting. 

Nussey and Thompson (1982) also reported on a study of 

minor injuries. One of the main findings to emerge was evidence 

to support the theory that events leading to minor accidents 

also lead to fatal and serious injuries. The report adds weight 

to the Accident Triangle concept that information on the 
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circumstances surrounding less serious injuries can highlight 

situations in which more serious injuries could occur. 

Techniques they suggest: 

... are seen not only as a possible means of Improving 

self-regulation within the Industry, but are also 

consistent with the need to improve safety awareness and 

attitudes". 

3.8 THE RECOGNITION - NOT THE ACCEPTABILITY - OF RISK 

3.8.1 Recognition Of Risk 

This concept is widely referred to in safety circles as 

Acceptability of Risk. It implies that, if the hazard cannot be 

removed, but has been reduced within the limits of current 

technology, and that if the person cannot be removed, but his 

interaction with the reduced hazard has been best guarded 

against, that a label can be attached saying the task is safe 

to acceptable standards. 

It could further imply , that 'we have done our best' and it is 

now up to the workforce. Furthermore, This study contends that 

technically trained people bear a major social responsibility 
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when the technology used is only fully understood by them, to 

ensure that the technology is used safely. 

Continual review is necessary because that risk can only be 

acceptable today. 'Recognition of Risk' is the better term, 

because it is worth restating that safety is changeable and 

some of its measures are momentary. Also, safety is a highly 

relative attribute, varying from time to time. It is Judged 

differently in different contexts; an example being that the 

insecticide DDT is not Judged safe in the UK and is banned from 

general use. Yet in insect-ridden some countries, the safety 

and protection that it provides far outweigh, its risks. 

One must also beware of the situation where risks are 

unacceptably high but where some degree of respectability is 

bought by the payment of 'danger money'. Coll inson. J. L(197 9) 

has proposed for acceptability of risk, two principles: 

'The principle of equivalence of common hazards' 
. This 

states that common hazards can be identified which will be 

equivalent in their potential for harm and that the 

remedial measures in one activity demand equal application 

in the other activity. This is true and permits confident 

allocation of remedial measures. 
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2- 'The principle of equivalence of risk'. Collinson admits to 

the difficulty in quantifying two risks as equivalent, an 

states that such equivalence is no criterion for equal 

resources allocation for their improvement. This study 

suggest that the principle would better be stated as 'The 

principle of Non-equivalence of risk', because each risk 

depends upon the degree of interaction within the hazard, 

together with the interaction of other systems in the 

process. Negotiating the hazard of resetting a temporary 

support is far more risky. There is a 'non-equivalence of 

risk' in performing the same task, whether the risk is 

acceptable can only be judged by a 'Systematic Safety 

Assessment' and not by its equivalence with another known 

risk. 

3.8.2 Acceptability Of Risk 

The concept of Acceptable Risk was perhaps first stated by 

Lowrance, W. W(1976) : 

"What sort of decision making tool is this notion of safety? " 

He then defined a situation safe if its risks are judged to 

be acceptable. The determination of safety he broke down into 

two stages: 
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Risk measurement taking Into account: 

Conditions of exposure - who Is exposed to what? 

The adverse effects - what Is the threat? 

Relationship of exposure with threat - how much 

adverse effect results from how much exposure? 

Consequences of exposure are summarlsed to 71eld 

overall estimates of risk to Individual and societ7. 

Decision makln based on risks and efficacies taking into 

account that: 

Safety Is the degree to which Risks are judged 

acceptable. 

Benefit In the degree to which Efficacies are judged 

desirable. 

Safety and Benefit are matters of value judgement. 

Risks and Efficacies are matters of measurable 

empirical fact, and can be measured scientificall7". 
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In this development of a safety philosophy an alternative 

must be found to the concept of acceptability of risk because 

it is difficult to identify who are those people who can set 

themselves up and say the average annual accidental death rate 

per million at risk is 210 and this is acceptable I 

3.8.3 Levels Of Unacceptable Risk 

Society as a whole is subject to an average annual 

accidental death rate per million at risk in the range of 1000 

to 10. High levels of risk relate to work on offshore oil rigs 

and in deep sea fishing. Low levels corresponds to act such as 

accidental drowning or poisoning, or injury purposely 

inflicted by a third party, Workers in the car, clothing and 

footwear manufacturing industries are again exposed to 

relatviely low risk. 

The risk of begin killed by cars is 167 (simllar this general 

acceptable ), coal miners a risk of 210 (and this not generally 

acceptable). However the lowest death rate to which one is 

exposed is around 10 per 1,000,000 at risk each year to 

accidental death at home. 

Farmer, F. R(1976)Safety Advisor to the UKAEA, considered 

how to define risk and how to express it in a meaningful 

manner. He states that licensing of reactors in the UK could not 
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be' made on the basis of risk, because if there is some risk, 

the reactor cannot be licensed. Alternatively, the risk must by 

made 'very small' to avoid public discussion of risk in a 

controversial sense. To avoid the issue of the acceptance of 

risk, he suggests that one may be tempted to relegate the 

unpleasant to the incredible, and then describe the maximum 

credible as something tolerablel 

In considering a task with a low risk probability, one must 

beware of people who are unimpressed 'because it could happen 

tomorrow'. Such unwillingness to consider criteria is 

counter-productive. 

In setting criteria, one must look at current accident 

rates and set the requirement that harm to a person is less 

than 10 per 1,000,000 at risk each year. This was the 

suggestion made by Farmer for the nuclear industry. 

A level of unacceptability would be less emotive and allow 

more honest discussion. Levels could be agreed for each 

industry and tasks within that industry, at that time, making 

them realistic in relation to current technology. 
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3.8.4 Existing With Recognised Risk 

Successes resulting from professional integrity and hard 

work are rarely singled out for special attention. However, 

accidents, involving multiple deaths, set in an existing 

framework attracts media attention, until it is less important 

by the next event. It is a natural reaction, giving confidence 

that become events are happening in the world with major 

consequence and helps the individual to accept the small risk 

associated. 

To put one's exposure to risk into perspective, examples of 

mortality rates are given which contrast our exposure when at 

work and with these voluntarily acceptes in one's leisure 

activites. 

3.8.5 RISK ASSESSMENTS 

When funds are requested for correction of a safety 

deficiency that is not required by law, managers often would 

like to know the risk involved if they do not agree to the 

correction so that they can make -suitable decisions. They 

theory is that if the computed risk of an accident is low, 

perhaps it can be accepted. If not, the probable losses should 

justify any expenditures for safeguards. 
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If the probability of loss and the cost of providing the 

safeguards are too high, it might be necessary to abandon the 

operation. Managers might like to know how safe their plants 

will be compared with others even before their plant is put 

into operation and before experience data are available. 

Two general methods of making risk assessments are 

frequently used for these purpose: those which apply relative 

methods and those which use probablities of occurrences of 

accidents. 

Another problem that arises with risk-cost-benefit analyses 

that may use probabilities to compute economic justificarion 

for accident prevetion measures is that probabilities of 

accidents and losses are generally estimated too low. The 

result is that economic justifications for expenditures for 

safeguards can rarely be made. 

The probable loss also requires careful consideration. An 

accident might result in losses that could vary from negligible 

amounts to complete wipeouts. It may therefore be necessary to 

estimate probabilities of accidents in increments for different 

amounts over the entire foreseeable range of losses. The risks 

persons will accept vary with the benefits that will be derived 

by acceptance of the risks. 
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Starr(1969) commented on the risk-benefit relationship; 

first he categorized risks as being "voluntary" and 

"involuntary". A voluntary risk is one freely accepted by an 

individual on the basis of the individual's own values and 

experience. An involuntary risk is one to which an individual 

subjects himself or herself as the result of relying on 

another's judgement. 

For example, a passenger on a bus, train, or airliner accepts 

risks over which he or she has no control (other than the 

decision to take the bus, train, or airliner) and relies on the 

judgement of the operator and he explained that the indications 

are that the public is willing to accept "voluntary" risk 

roughly 1000 times greater than "involuntary" risks. 

TABLE 3.1 Industrial (1983 Accidental Death Rates per 

million at risk) 

Manufacture of clothing and footwear .... 5 

Manufacture of vehicles .... 15 

Manufacture of furniture .... 40 

Chemical and allied industries .... 85 

Shipbuilding .... 105 

Construction Industries .... 150 
COAL MINERS .... 210 
Quarries .... 295 
Offshore Oil and Gas .... 1650 
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3.1A 

Non industrial(1983 Death Rates per million at risk: Annual 

death divided by total population) 

Excessive cold .... 
1.2 

Air travel .... 
1.4 

Railway Accidents .... 
3.8 

Accidental Drowning .... 
12.0 

Motor Vehicle Hitting Pedestrian .... 
45.0 

Motor Vehicle Accidents : total .... 
122.0 

Risks at industry, apart from those in the motor 

manufacturing industry, are generally higher. 

Professor Sir Frederick Warner (1983) President of the 

British Standards Institution, with reference to, calls for the 

"Carrying into industry of a greater consciousness of the 

advantages of using standards and using them systematically". 

(Section 16 of the Health and Safety at Work, Act, 1974 

applies). 

This would be only in the interests of safety but in 

guaranteeing the reliability of components built into complete 
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machines or systems, then at least the recognised risks can be 

controlled by those standards. Whether are likes the idea or 

not, risk the is recognised, and probabilities are assigned; 

legislation and Codes can ensure socitey existence with 

recognised risk. 

Martinson, M. J (1976) suggested an emphasis should be placed on 

"risk as a design parameter particularly in ventilation 

planning". 
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Table 3.2 Fatal injuries reported to enforcement authorities. 

analysed by industry 1981-87/88 (Incidence rates per 100 000) (Source 

Annual Report HSC) 

EMPLOYEES YEAR 1981-1988 

STANDARD IND. CIASSIF. 81 82 83 84 85 86 86/7 87/8 

Agriculturejorestry 
and fishing 31 27 29 29 20 3 28 18 

Energy and water supply 
industry 54 76 47 

1 
48 45 12 30 33 

Metal goods & vehicle 
industry 41 50 36 49 46 8 38 33 

Manufacture of metals + 
chemicals 49 57 32 58 41 19 42 41 

Other manufacturing ind. 33 30 50 35 37 9 29 22 

Total manufacturing ind. 123 137 118 142 124 26 109 96 

Construction 105 100 118 100 104 24 99 100 

Service industries 102 117 111 105 99 21 80 93 

Unclassified 29 14 24 14 7 2 10 
... 

All industries 444 438 399 98 -- 
L3 

5: 6 
: [E] 

340 

NOTE: means data not availble 

1986/87 onwards year co=encing 1 april. 
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Table 3.3 Non-fatal major injuries to employees in selected 

industries reported to HM Factory for 1981-1988 (source Anuual 

Report 87188 HSC). 

81 82 83 84 85 
INDUSTRY 

1 

Agriculture and forestry 
'Number, of Inj 

162 1 145 199 
ries 

271 233 

Manufacturing 4051 4008 4180 4599 4746 

Metal manufacturing 483 421 416 461 452 

Chemical industry 304 330 354 349 368 

Mechanical industry 494 486 500 564 595 

Food, drink and tobacco 
manufacturing 

495 530 523 584 599 

Construction 1687 1949 2176 2286 223 

The highest rate is Manufacturing 
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3.9 COST OF ACCIDENTS AND COST-EFFECTIVENESS OF PREVENTION 

3.9.1 Safety Triangles 

In Chapter 16, section19 of the Robens Reports on Safety 

and Health at Work, attention was drawn to the need for further 

research into the economics of accidents and accident 

prevention, and also to the limitations of knowledge and 

techniques in this area. Volume 2 of this Report contains an 

Appendix 9 dealing with Accident Costs. Part II of the Appendix 

deals with accident costs in coalmining and Part III, the 

national resource costs of occupational accidents and diseases. 

An important point made in Part II is that, in considering the 

value of any safety measures, it is usually possible to obtain 

general picture of the value of the measures by cosidering: 

the frequency of accidents; 

the number of occurrences which might cause the 

accident; 

the potential cost of the accidents to persons and of 

the dangerous occurrences which give rise to them. 

The report called for Special studies into the frequency of 

incidents which are potentially the cause of accidents. it 
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recommended a 'damage control' approach, siting as an example, 

the recording of chain breakages on coal face power loaders, 

each incident being potential lethal and a certain interruption 

to the system of coal production. The argument stated is 

totally consistent with the Total Loss Control concept already 

discussed in previous sections. 

Morgan and Davies (1981) economic advisers to the Health and 

Safety Executive and Department of Employment respectively, 

spent two years examining the strengths and weaknesses of the 

data now available, with the aim of revising and updating the 

estimates contained in Appendix 9, Part III of the above 

report. 

Any attempt to quantify the total costs of 'total 

accidents' cannot be confined to official accident sources. 

Information on slight-injury accidents, first-aid treatments 

and 'damage-only' accidents must be found elsewhere. Relevant 

records kept by industry are sparse and unreliable, and 

estimates had to be made by Morgan and Davies using 'accident 

triangles'. Information concerning the base of the total 

accident triangle is still largely unrecorded despite the 

recommendation of the Robens Report. 
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Further work into this important field is needed, together 

with the necessary resources to carry out a large survey of 

industry. 

From evidence available to them, Morgan and Davies produced 

two accident triangles, each suggesting limits of possibility 

by a low and a high ratio, as shown in figure 3.4 

Fig 3.4 Morgan and Davies's Accident Triangle 

Officially recored 
injuries (more than 
3 days absence from 
work 
Slight injuries 

A-1/3 

(1 to 3 days absence 
absence from work) 
First aid treatments 
(less than 1 day's 
absence from work) 

Damage only accidents 

15 

20 

I 

LOW RATIO 

T 

HIGH RATIO 

Above Triangle can be used to obtain estimates of the total 

number of Unrecorded accidents one by low ratio (Morgen) and 

the other by High ratio (Davies). 

An example of this is shown on next page on table 3.4. 
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In 1982, the total of fatal, serious and over 3-day 

accidents was 25,000 in UK coalmines. Figure 3.5 gives 

estimates for the total number of unrecorded accidents for 

1982, using the triangles of Morgan. 

Table 3.4 Total Accidents 1985 for UK Coal Mines 

Fatalities 
Serious 
over 3-day 
Total Recorded 

Total Unrecorded 
Slight Injuries 
First-Aid treatment 
Damage Only 

38 
865 

24.110 
25,013 

Low Ratio Hip-h Ratio 
8,350 75,000 

375,000 625,000 
500,000 1,000.000 

The total cost of accidents includes resource costs (lost 

output, damage to equipment, medical treatment and 

administrative costs) and subjective costs (pain, grief and 

suffering). To put costs into some kind of perspective, Morgan 

and Davies suggest that the subjective costs of occupational 

accidents in Great Britain for 1978-79 were E400M. Resource 

costs varied between E700M and C1,400M. Total costs, then, are 

between C1,100M and E1,800M - about 1.25% of the Gross National 

Product. 
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In industry there are never sufficient resources to remove 

all risks in any operation at once, and therefore, priorities 

must be decided. Unless this is done systematically, the 

tendency will be to eliminate those risks to which a remedy can 

readily be applied, provided it can be done cheaply. 

Where there is a no risk, in the 'total accident', that 

people will be injured and that the only damage will be to the 

system or to equipment, then an insurance type of calculation 

may be done in which 'Incident Cost' x 'Probability' is 

compared with 'Prevention Cost'. 

Where there is risk that people will be injured, the 

'Probability of incident occurrence' should be estimated. 

Priority would then be given to those risks that exceed 'Levels 

of unacceptable risk, -a concept previously suggested by 

Morgan. These levels of unacceptable risk are usually based on 

fatal accident frequency rates. 

This approach is 'Hazard Analysis, ,a subject for subsequent 

discussion. In this way, 'levels of risk' are evened out - it 

is of no value to an employee doing a hazardous task to be told 

that the total of employees exposed to that task is now reduced 

by increased mechanisation whilst hazard remain the same. 
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3.10 EQUIVALENCE OF MINIMUM TOTAL COST FOR SAFETY AND 

EQUIPMENT AND SYSTEM RELIABILITY 

Gibson (1976) suggested a cost-benefit model and Figure 3.5 

is based on this concept . Very little research has been 

carried out using this approach, however, although it has 

been used in consideration of assigning road transport 

priorities. 

Figure 3.5 A Safety Cost-Benefit Model. ' 
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A Safety Cost-Benefit Model. 
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In Figure 3.5 line A is the increasing cost of prevention 

with the level of safety. Lines B, C and D are various accident 

costs. Line B is material damage; Line C is the resulting loss 

of output; Line D shows the cost of measures taken as the 

result of over- reaction following a major incident (Markham 

Shaft Disaster). 

Line E is the cost of life. Line F is the total cost, which is 

a minimum at a particular level of risk, or comparative safety, 

this being the level that should be thoaretically achieved. 

Trying to achieve greater safety beyond this point could be at 

the expense of other risks and would suggest puzzle solving to 

an unnecessary degree within the paradigm at the expense of the 

total system. 

The equivalence of this concept with system and equipment 

reliability, and so productivity, is shown by comparison with a 

cost/ reliability model proposed by Watson (1980) in Figure 3.6 

The model demonstrates the concept of a minimum total cost for 

the equipment life cycle. 



'Figure 3.6 A Cost/ReliabilityModel. 
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3.11 The Cost Of Saving Life 

It is not proposed to essay deeply into this subject of 

placing a value on human life. Many attempts have been made and 

the figures produced vary so widely that they only have 

academic interest. It would be better to concentrate efforts on 

more clear costs that can be identified. 
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Nevertheless, the following points are worth making. If 10 

people are exposed to a death risk of 10 per person per year, 

and the cost of removing the risk is E10,000, then the cost of 

saving 10 lives is E10,000/10 which is E10. If the life span of 

the system containing the risk is small it may be unlikely that 

anybody will be killed because of the time scale of the 

hazard. 

Money will be spent in unnecessarily fine-tuning an aspect of 

the system by making a small risk even smaller. The cost of 

saving a life calculated in this way is an alternative way to 

comparing levels of risk. 

A second point is that, it would be interesting research to 

find out how industry actually values human life by seeing how 

much is spent in selected fields and how many lives are 

actually saved. This would indicate a 'socially acceptable 

cost'. 

A final point, made by Kletz (1978) concerns relative 

safety of different industries and he asks 'is the chemical 

industry too safe? Does that industry spend too much of the 

nation's resources in removing their own risks? Would the money 

and time spent save more lives if some of it was used instead 

to take some of the risk out of coal mining or the construction 

industry, or out of road transport? ' 
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In fact, the accidental death rate in the coal mining 

industry is 2 times worse than in the chemical industry, and 

surprisingly, the risk of a mineworker being killed during his 

working lifetime is currently I in 120. However, there is no 

doubt that accident rates have improved because in 1947 this 

risk was I in 40. 

Cost-effectiveness is not always the only motivation for 

accident prevention, because money is of ten spent to good 

generally improve the working environment regardless of profit 

; however many measure are not economically feasible. Examples 

include provision or on the other hand the gradual repacement 

of infammable fluids or extend the use of non-flammable fluids; 

thus progressively improved environmental monitoring is 

feasible. 

Such provisions show a caring regard for the workforce and back 

up a view once expressed that 'apprehension and productivity 

are mutually exclusive'. Certainly, if such good-faith 

provisions prevent disasters, not only are lives saved, but at 

the same time a cost-benefit element often appears unexpectable 

the scene. Experience in other industries i. e. nuclear 

aero-space, indicates that increased safety implies increased 

reliability and availability economic benefits. 
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3.11.1 Industrial Accident Costs In The UK 

It has been estimated that the cost of industrial accidents 

for 1974 was E900m . Ref. (The Times, London, 1976) 

Table 3.5 for industrial accident costs in UK in 1974 

Fatalities f 3000 

Group I injury 
(more than 4 weeks off work) E 1000 

Group II and III injury 
(between 3 and 28 days off work) f 500 

Non-reportable injury accidents f 10 

Material damage-non injury accidents r 10 

The estimate was based on accidents reported under the 

Factory Act, 1961 and published in the 1974 report of 

H. M. Inspector of Factories. 
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Hidden costs of industrial injury accidents 

Heinrich (1959) found a average ratio of 4: 1 between the 

hidden costs of an injury causing accident in American industry 

and the 'direct costs, (i. e. the costs of medical treatment 

and compensation paid to the employee). The main factors in the 

hidden costs are: 

I- Cost of lost time of injured employee. 

2- Cost of time lost by other employees who stop work to 

assist injured employee. 

3- Cost of time lost by foremen, supervisors and other 

executivep with regard to following activities: 

a) Assisting injured employee; 

b) Investigating accident cause; 

C) Arranging for continuation of injured employee's work 

by other person; 

d) Selecting and training a replacement; 

e) Preparing official reports and attend hearings. 

4- Costs of time spent by first aiders, hospital staff not 

included in direct costs. 
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5- Costs of damage to machines, tools or other property or 

material in process. 

6- Incidental costs of lost production( failure to fill orders 

on time, loss of bonus or payment of penalties). 

7- Costs under employee welfare and benefit systems. 

8- Costs of full wages of employee on his return to work 

before his full recovery. 

9- Costs of loss of profit on productivity of injured employee 

and idle machines . 

10- Costs arising from a lowerning of morale in other 

employees. 

11- Overhead costs of lost production caused by accident- 

heat, light, rent, ete. 

3.11.2 Costs Of Non--Injury Accidents 

No general costs of non-injury accidents over a range of 

industries could be found either in the UK or elsewhere. The 

accounting methods used in most companies are seldom designed 

to distinguish between 'accidental damage' and normal wear and 

I tear' . Accident damage to cars and road vehicles which are 
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insured is an exception. Otherwise it is only where a policy of 

'damage control' or 'total loss control' is applied and 

implemented and backed by appropriate accounting methods that 

valid estimates of accident damage can be made. 

The well-known ratio of 1: 100: 500 for the numbers of disabling 

injuries: minor injuries: property damage accidents was found by 

Bird and Germain during the intensive investigation of a US 

Company -Lukens Steel- over a six year period. During this time 

the costs of property damage fell from $325545 to $137832 per 

million hourly rated man hours worked. Clearly no firm is 

likely to undertake studies of this kind if it did not intend, 

through their use, to reduce the incidence and costs of 

property damage. Thus the very study of meaniningful property 

damage costs should lead to a reduction in these costs. 

3.11.3 Accident Cost Optimisation 

It is clear that as the costs of injuries and damage are 

reduced as more money is spent on prevention, the point must 

come when the incremental costs of preventive measures exceeds 

the incremental saving on accident costs. Sinclair(1972a) makes 

the simplifying assumption that the costs of accidents ( 

including preventative measures) are minimised when the annual 
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costs of preventive measures has reached the annual costs of 

accidents. This assumption, as noted later, appears to create 

more questions than valid answers. 

3.12 Estimating Prevention Costs 

Sinclair (1972b) has grouped preventative costs under three 

headings: 

1. Design costs 

operational costs 

3. Planning and consequence limiting costs. 

These are summarised below but before examining them in 

detail, are should decide whether to be concerned only with 

personal injuries and their costs, or with accidental injuries 

and property damage as well. 

It is easier, though perhaps less accurate, to start with 

personal injury costs on their own. 

I- Design costs 

The design costs of plant protection, which should be assessed 

for each plant item in turn, will then consist of: 
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A. All redundant control features installed for safety 

reasons. 

B. All machine guards and protective devices installed on the 

machine to protect employees. 

C. The part of the cost caused by additional metal thickness( 

called- for' under the appropriate design code)which is 

required to provide a margin of safety. 

D. Systems installed to remove toxic and explosive material 

produced by the process and maintain a safe and healthy 

working environment. 

E. Fire protection measures - escape routes, fireproof 

material and barriers. 

F. Additional costs involved in layout for safety reasons. 

Operational costs 

A. Costs of the safety department which can be attributed to 

the plant under study; 
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(1) salaries and overheads; 

(2) publicity material 

(3) training; 

(4) protective clotting. 

B. Costs of extra manning for safety reasons. 

C. Costs of operating within a restricted range of 

conditions (temperature, re rate, etc) for safety reasons, 

as compared with the wider range which would otherwise be 

possible. 

D. Planning and consequence limiting costs. These, according 

to(Sinclair 1974c), should include: 

1. Cost of insurance. 

2. Cost of works fire brigade. 

3. Cost of fault studies, hazard analyses, safety audits. 

4. Cost of environmental sampling and analytical 

programmes; biological controls. 

5. Cost of toxicity test on druge, food, etc. 

6. Cost of testing for leaks of hazardous materials. 

7. Cost of testing for electrical safety. 

8. Cost of loading test ( structure) and pressures test 

(pressure vessels). 

9. Cost of flammability tests. 
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0 

3.13 ýEstimating Accident Costs 

The costs of accidental injuries are made up of three 

parts, fatalities, serious injuries ( over four weeks off work) 

and other injuries. 

Thus one can write 

R, x (A, + Ad + R2 (A, + Ad + R3 (A, + Ad 

- where -C- annual accident cost per worker; 

Ri- annual risk of death per worker; 

R2- annual risk of serious injury per worker ; 

R3- annual risk of other injury per worker; 

average A, - subjective element of cost 

A2- objective element of cost 

The preventive cost P is then compared with the accident 

cost C per worker. Sinclair (1974d) has applied this method to 

large groups of workers in range industries, which include 

agriculture chemical industries. 
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3.14 PROCRESS IN THE MINING INDUSTRY 

The proposition is made by Collinson (1980)that it is 

necessary to propose ways and means of preventing accidents 

before the cost of accident prevention can be analysed. Only 

after examining both can a link be made with the cost of 

accidents in order to complete the equation leading to 

cost-effectiveness. 

Collinson shows that the cost of injury-producing accidents 

to be E50M per year, thus'forming one side of the equation. At 

the other side of the equation is the cost of the 'nails' - 

those tried and tested physical techniques that will end once 

and for all certain types of accidents. 

Collinson's concept of 'nailing' must be universally applied 

because of the random occurrence of injury accidents and he 

recommends the spreading of a 'net of safety technology'. He 

stated that had this policy been carried out, 43% of fatalities 

would not have occurred. 

This conclusion followed a detailed analysis of all fatalities 

during the preceding five-year period. Applying this percentage 

to the Total Accident Triangle, the saving in Total Loss would 

surely justify the investment for safety improved. 

It is suggested that if such expenditure is not made to 
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purchase additional safety, accident reduction rates will not 

fall. 

He claims that the situation is almost identical to that of 

investing for increased productivity. A systematic recognition 

and assessment of hazards is required so that total safety 

effort is directed in the best direction and in the most 

cost-effective manner. 

3.15 HAZARD RECOGNITION IN SLOW MOVING SITUATIONS 

Many hazards are recognised by chance and are subsequently 

eliminated or reduced. Many more are not recognised and, 

although they do not always cause an accident, must be 

dealt with. It has been increasingly recognised that it is 

necessary to formalise the search for such hazards by 

systematic identification. ý 

In industries where the movement of plant is 

relatively slow and the manufacturing process moves at a rate 

that can be easily observed, as in the construction industry, 

a fairly simple systematic procedure will suffice. The 

Construction Industry Training Board (1980) recognise four 

primary contributors to hazards, these being: 
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- Human Factors 

- Physical Environment 

- Plant, tools and equipment 

- Working Methods 

A safety audit is conducted within these four 

categories. Hazard recognition and the process of overcoming 

those hazards is carried out by the application of the 

'FACE RAP' procedure, where an example of this in the 

following: Examples 

F- Fault : Worn electrical power cable 

A- Appearance : Wires showing through cable covering 

C- Cause : Cable rubbing edge of concrete step 

E- Effect : Electric shock hazard 

Fusing the system 

R- Reason Misuse 

A- Action Replace cable and fix permanently 

P- Prevention : Regular inspection 

: Correct use of cable 

The simple framework indicated allows systematic and 

logical evaluation of hazards. 
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3.15.1 Defence Lines 

The idea of' a 'defence line' against major mining hazards 

is suggested by B. Koslowski(1982). Such 'lines' take into 

consideration the investigation of hazards, their size, 

reduction or elimination and also the inter-relationship of 

particular hazards. The idea of a systems approach to 

precautions against mining hazards is most useful because it 

pinpoints strengths and weaknesses of safeguards. Hazards often 

occur together, producing complex situations. Koslowski 

suggests a 'defence line' against hazards and specific of 

methane and coal dust explosions as well as against rock and 

gas outbursts. - 

3.16 THE STUDY OF SYSTEMS OPERATION AND ANALYSIS OF CONTAINED 

HAZARDS 

The two examples of hazard recognition, Face Rap and 

Defence lines are two extreme examples of recognition in 

relatively slow moving situation. The progressive concentration 

of production into large, simple- train units, and the 

attendant needed to operate it for economic purposes, means he 

is closer to risk situations, thus refined methods are required 

to examine existing problems and also to eliminate potential 
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problems at the design stage. 

Such refined methods 'have been developed in the aerospace 

industry and have now been adopted by other industries, 

particulary the chemical and nuclear, so that new hazards may 

be dealt will where no previous experience of them existed. 

In the mining industry, continuing progress in technology, 

together with experience and the tradition of safety 

consciousness, have greatly reduced accident rates by 

minimising risk from the well known hazards of mining, However, 

mining systems are becoming more complex and there is 

increasing potential for interactive failures between systems. 

For continuing improvement in safety the recognition of 

interaction of hazards and risks is becoming increasingly 

important. It is necessary to draw on the experience of other 

industries and then draw conclusions, and act upon them. 

One method, called an "operability study " was developed by 

the petrochemicals Division of Imperial chemical Industries, 

who now use it widely. The assumption is made that most 

problems are missed, not because of design team inadequacy, but 

because the system is complex. The method is used to examine 

preliminary process flow sheets or final instrument and piping 

diagrams. 
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Another method, called Hazard Analysis, provides a 

quantitative examination after a serious hazard has been 

identified. It is based upon a 11 fault condition tree " which 

relates events leading to the identified hazard. 

Lawley ( 1974 )indicates that chemical industry problems 

are mainly those related to plant operation, equipment 

reliability and safety. He then makes the important point that 

It has been possible over the years to recognise the 

events or possibilities that could lead to safety or 

operating problems, and to build up codes of practice 

and design the equipment accordingly. However, with 

advancing technology It Is not always practicable to 

keep abreast of developments and maintain 

comprehensive codes even In the major risk area. 

3.16.1 Operability Study 

A detailed description of an operability study technique is 

given in Lawley ( 1974 )a brief description is however, given 

below. 

The study is usually based on a line diagram or flow sheet 
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of the system, but can be multiactivity charts with which 

mining engineers are familiar. The study team should provide 

the knowledge and experience required, because the technique 

cannot compensates for gaps in their knowledge. 

Potential problems should be evaluated as they arise. In 

major risk areas a fully quantitative assessment will be 

required, but in other cases, the seriousness of the 

consequency ( scaled as trivial, important, or very serious) , 

and the frequency of the event ( scaled as unlikely, 

occasional, or very probable, enable decision to be made 

concerning the necessity for action. Only points requiring 

action are recorded. 

Johnston and McQuaid- (1980) suggest that operability 

studies could be most usefully applied to the introduction of a 

new technology such as pneumatic conveying or air conditioning, 

or to a technology that modifies on existing service, as for 

example, the installation of booster funs in ventilation 

circuits. 
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3.17 HAZARD ANALYSIS USING FAULT TREES. 

Fault tree analysis has gained wide use and appreciation as 

one of the more powerful analytical tools for the study of 

complex systems. 

The method was conceived in 1961 by H. A. Watson of the Bell 

Laboratories. The technique was further refined by the Boeing 

Company'so that the quantitative portion of the analysis could 

be performed by a digital computer. 

In the late 1960s and early 1970s significant advances were 

made in the application of the methodology to the analysis of 

complex systems, both as to the use of input data and the 

increasing sophistication of the analytical results. 

D. F. Haasl was one of the early developed of the 

methods(Haasl, 1965), and others have made significant 

contributioins (Fussell, 1977, Lambert 1975, and others). 

In 1970 the method was applied to health problems. 

The methods is fundamentally a Boolean logic model that depicts 

the relationships between events in a system that leads to a 

final outcome, which is called the top event. 
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The methods carries the title " fault tree", which connotes 

that the top event is a fault, the tree outcome may be either a 

desired or undesired event. 

As used in safety analysis, the tree leads to an undesired 

event, which is important from safety point of view. The fault 

tree method is a systematic, descriptive from of analysis that 

can be applied to safety or reliability analysis, desired or 

undesired outcomes. It determine the sets of events that cause 

the outcome in question. 

It is particulary useful in the eraly design phases of new 

systems, but is equally useful in analyzing operational systems 

for desired outcomes. The method allows the user to evaluate 

alternative and judge acceptable trade-off among them. It is 

able to aimilate failure rates, down times, repair times, and 

other dynamic systems funcation or measure of these functions. 

The concepts and techniques of fault tree analysis are 

discussed in depth by Fussell(1977), he makes the point that 

fault tree analysis : 
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provides an objective basis for anal7slng s7stem 

design and demonstrating compliance with safet7 

requirements. 

The point is further made that it is a technique for 

reliability analysis applicable to complex dynamic systems. 

C onventional reliability analysis techniques are inductive 

in nature (checking design function ). The logic of the fault 

tree method checks that all critical aspects of failures of the 

system are identified deductively. 

The basic steps shown are : 

- Identify hazards which exist 

Estimate consequences of hazards 

Determine probability of occurrence by constructing fault 

trees 

The fault tree is a represention of Boolean symbolic login 

in which operations, given algebraic symbols, may be 

manipulated to give logically consistent results. 

The tree is generated with a particular systems failure 

called the "TOP EVENT ", and then identifying precursor events 

at the next lower level, and so on, until the basic failure or 

"PRIMARY EVENT ". 
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Events or failure at any given level are connected to 

events at the next highest level by means of logic gates. The " 

Top event 11 is, therefore the result of several previous faults 

that have passed through one or more gates. 

The two basic gates are the (AWD )gate and the (or) gate. 

The (AND) gate generates an output event if all the input 

events are present together, and the (OR) gate, if one or more 

are present. 

One way of showing the gates can be seen in figure 3.7 

LAJ61%; aL Vn, 6af-r- 

When the fault tree has been completed, probability values 

IýOglcal vr, r. 1,41i game 
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are assigned to initiating events to enable the probability of 

the (Top event) to be estimated. 

3.17.1 EVENT LOGIC 

A fault tree is constructed of logical relationships . Those 

relationships relate an arrangement of events, failure, or 

fault that cause the next level of events. The general term 

event is used to describe any element of the tree that 

represents an occurrence. While it is possible that the tree 

will contain some events that are neither faults nor failures, 

but normal events, the majority of the events will be either 

faults or failures. 

Four classes of causal events will appear logically linked 

within the tree structure, and these are: 

1- Primary Failures. 

These are related to a component. They are caused by 

problems internal to the component. Repairing a primary 

failure will return the component to a functioning 

state. 
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2- Secondary Failures. 

These are related to a component but are caused by 

problem external to it. Environmental stresses cause 

secondary component failures. Repairing a secondary 

failure does not return the component to a functioning 

state. 

3- Primary Faults. 

These are event occurrences that are abnormal to a 

mode of operation and can contribute to an undesired 

system state. 

When related to a component, by their natur they indicate 

self repair. A human failure may be a primary fault. 

4- Secondary Faults. 

These are secondary or environmental forms of event 

causation that are not component failures. A command 

fault caused by secondary effects would be such a fault. 

A malfunctioning component may be a failure or fault. A 

realy that sticks open is a failure enent. A relay that opens 

at the wrong time in the sequence of system events because of a 

faulty system command, is a fault. A warning light that does 

not illuminate is a failure event. A warning light that is not 

heeded is a fault event. 
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3.17.2 Examples of the Application of Fault Trees 

At this stage, three contrasting examples of fault tree 

application are considered to demonstrate its uses. 

The first example considers the overheating of a motor in a 

circuit shown in figure 3.8 

switch 

e 

. power 
suplly 

wire 

The inductive reasoning explaining why the motor overheats is 

shown in figure 3.9 
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Figure 3.9 Precursor Events leading to overheated 

motor 
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The second example concerns the application of risk 

assessment to underground mining systems. 

Denny et al-(1978) applied hazard analysis techniques to a 

low probability and high risk consequence underground accident. 

The accident was a fire at Sunshine Silver Mine, Idaho in 

(1972). 

They conducted an analysis using fault tree techniques; the 

study highlighted the failure to appreciate what would happen 

if a fire in an abandoned working emitted toxic gases in to the 

intake ventilation. They concluded that an analysis would have 

established the likely accident sequences, the consequences of 

which would have stimulated remedial action because of their 

predictable severity. In fact, 91 miners died from carbon 

monoxide. 

A fault tree for the overall mine system and its failure to 

provide sufficient air to evacuate the workmen, given the 

presence of fire, is shown in figure 3.11 . This fault tree 

enables the probability P, that the mine system would fail in 

this way, to be estimated. 
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Figure 3.11 Fault Tree showing failure of Mine SYSTEM 
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A third example the HSE report is reported in "Safe Manriding 

in Shafts" and it discusses the philosophy of winding engine 

braki ng with the object that a mechanical brake should be 

capable of bringing a winding system safely to rest even in the 

event of failure of one component. It also discusses the 

similarity of reliability and safety assessment methods. 
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The similarity of the methods and objectives of the two 

tecniques are so very evident, as shown in the next table. 

This, demonstrates the mutual impact and interdependence of 

safety with reliability of equipment systems. Other techniques 

which can provide evidence are discussed below. 

An example of Failure Modes and Effects Analysis, very 

similar to the Operability Studies used in Safety Assessment is 

shown in the next table, and is taken from a description of the 

technique by Tregelles and Worthington (19 82). It shows part of 

an FMEA carried out on an electronic control unit as used in a 

shearer haulage unit. 
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Table 3.6 SimilariME Of Reliability And SafeZE Assessment mehtods and 

obiectives 

Reliability Assessment Safety Assessment 

Level of interest in reliability Safety effort is directed pro- 
is dependent on nature of failure portionally towards disasters 

No item can be ignored becau a Any part of a system that is 
any item having a low reliability unsafe can render the whole 
will dominate the reliability system unsafe 
of the system. 

Generally one should identify the Identify the worst risks and 
reliability of the critical item attack these 
and increase the reliability of 
the most unreliable 

Failure-data collection is The aetiology of accidents 
necessary must be recorded, including 

near--ýmiss accidents 

In the design process the mining Use has traditionally been 
industry has traditionally used made of experience and value 
qualitive experience, then test- judgements, with reactive ad- 
ing. The required reliability has justments following accidents 
been achieved after the commis- or disasters 
sioning period and usually part 
of the operating period 

A cost effective model is shown The cost-effective model for 
in figure . 3.6 safety demonstrates equival- 

lence (Fig. 3.5. ) 

A concept of acceptable reliabi- Levels of acceptable or unac- 
lity is used. ceptable risk are considered 

Cause and effect analyses are 'Fault Tree' analysis is simi- 
achieved by using 'Fault Trees, larly used 
beginning with the 'Top Event, 
in fig.. 3.7 

for the working life of a 
Equipment. initial cost should re- purchase safety cheaply 
late to the working life of the and then spend more as 
machine rather than its intial user experience demands. 
cost 
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CHAPTER FOUR 

4.0 MEASUREMENT OF SAFETY PERFORMANCE 

4.1 MEASUREMENT AND ITS APPLICATIONS IN THE SAFETY FIELD 

The progress and maturity of a science or technology are 

often judged by how much has succeeded in the use of measures. 

Measurement, perhaps more often than any other single aspect, 

has been the principle indicator and stimulus of progress in all 

fields of scientifif endeavor. 

Measurement permits accurate, objective and communicable 

descriptions that readily lend themselves to progressive 

thinking. Measures can serve as models for events and 

relationships existing in the real world because the structure 

of nature as we know it has properties that are parallel to, or 

isomorphic to, the structure of logical systems in mathematics. 
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The purpose of measurement is to represent the characteristics 

of observations by symblos that are related to each other in the 

same way that the observed objects, events or properties are 

related. Measurement has been defined quite simply by Stevens 

(1951) as any process that involves "the assignment of numerals 

to objects or events according to rules", Campbell (1938) as 

"the assignment of numerals to represent properties. 

Ackoff (1967) defined measurement in terms of its function by 

stating that "it is a way of obtaining symbols to represent the 

properties of objects, events, or states, which symbols have the 

same relevant relationship to each other or do the things which 

are represented. " As Caws (1959) has stated, 

the essential function of measurement Is the setting In 

order of a class of events with respect to Its exhibition of 

a particular propert7, and this entails the dIscover7 of an 

ordered class, the elements of which can be put In a 

one-to-one correlation with events In question. 

For the f ield of accident prevention, measurements enable 

comparison of the same accident-producing characteristics of the 

same thing at different times, and describe how 
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accident-producing characteristics of the same or different 

things are related to each other. 

4.1.1 The Importance Of Measurement In Accident Prevention 

A consideration of measurement concepts and measurement 

scales is important in the occupational saftey context. The 

discovery of a potential accident relationship among 

characteristics of the human, his equipment, and his environment 

is largely dependant upon the existence of measures. Numbers are 

assigned to observations in such a way that the number are 

amenable to analysis by manipulation or operation according to 

certain rules. This analysis should reveal new information about 

potential accident problems involving man and his work 

situation. 

In accident, prevention, measurement of safety performance 

is necessary for many reasons: 

a) As a basic for causal factor detection 

b) To locate and identify problem areas 

C) As, a basic for trend comparison 
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d) To describe the current safety state of an organization 

e) As a basis for predicting future accident problems 

f) As a basis for evaluating accident prevention program 

effectiveness 

g) As a basis for making decisions regarding the 

allocation of accident prevention resources 

To assess accident costs 

i) To establish long-term accident control 

As a basis for quantifying probable risk of injury or 

other loss 

Generally measures are needed to reveal performance levels. 

The main function of a measure of safety performance is to 

reveal the level of safety effectiveness in the organization 

within which establishment of accident control is desired. 

The level of safety performance within an organization 

involves accident situations (unsafe acts/unsafe conditions) 

that have the potential for productin loss but, do no 

necessarily produce loss (either injury or property damage) each 

time they occur. In effect, then, measures of safety 
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effectiveness that will enable us to identify accident problems 

that have the Potential for producing future losses are needed 

as well as those that are currently producing property damage, 

injuries, and deaths. These measures should reveal when to 

expect trouble and must provide one with some insight as to what 

should be done about it. 

A second purpose of safety performance is to provide continuous 

information concerning changes in the safety state within an 

organization or operation. A valid and reliable measure of these 

changes permist evaluation of the effectiveness of accident 

prevention efforts over time. A measure of the total safety 

state could, of course, include accidents that have the 

potential for producing loss as well as those that actually 

result in loss during the appraisal period. It should not be 

assumed that the recording of only injuries or property-damaging 

accidents reveals a picture of the real level of safety 

performance. At any future point in time accidents that have a 

potential for loss may produce a loss. 

Which exposure results in loss and the degree of severity of 

future losses are influence by chance factors. Therefore, 

measurement techniques that are more sensitive to the 

fundamental behaviour and conditional malfunctions that may at 

any time contribute to our accident loss problem are most 

needed. 
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Safety practitioners have been forced to measure the 

effectiveness of their work by vague, invalid and insensitive 

criteria. This complicates an already overly complex problem 

involving many misinterpreted, ill-defined, and unquantative 

terms, such as accident proneness, carelessness, job hazard, 

inattetion, fatigue, morale, attitude, and motivations. Present 

attempts to control accidents and their consequences can best be 

described as trial and error, chiefly because adequate measures 

of the effectiveness of this control do not exist in practice. 

The degree to which accident loss control is possible is a 

function of the adequacy of the measures used to identify the 

type and magniture of potential injure-productin and 

property-damaging problem areas existing within a particular 

field of concern. 

The safety professional, in formulating an accident 

prevention program, is continually confronted with this problem. 

Inspection training programs, safety contests and poster 

programs are initiated under various levels of effort and 

evaluated by the only measures available, namely, lost-time 

accidents, recordable injuries, first-aid cases, and accident 

costs. 

There is no assurance that a reduction in disabling injuries 
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during any one period is necessarily predictive of favourable 

results in the future. For example, a change in the process or a 

remark by the plant manager in favour of certain behavioural 

changes may have occured concurrently with a new poster campaign 

and, consequently, may have been the actual controlling factor 

influencing the reduction in accidents. 

4.1.2 Characteristics Of Effective Measures of Safety 

Performance 

Suppose one is able to construct a perfect instrument for 

measuring safety performance, what could be the characteristics 

of this outstanding measurement technique? First it must be 

recognized that the worthiness of any instrument of evaluation 

must be appraised in terms of the purpose for which it is 

constructed. Regardless of purpose it is possible to postulate a 

number of characteristics of measuring instruments that will 

apply to most measurement situation. 

4.1.3 Currently Used Measures Of Safety Performance 

A number of safety performance indices are now in use, such 

as number of disabling injuries, injury frequency rates, injury 

severity rates, accident costs, number of deaths, number of 

first-aid cases, recordable occupational diseases, the ratio of 
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injurity severity to injury frequency, and total injury rates. 

Many of these indices are reconnmended by the IID and 

American National Standards Institute (ANSI) for use in 

measuring safety performance and are described in ANSI's 

(1967, r. 1973). Injury rates compiled in accordance with this 

standard are intended to show the relative need for accident 

prevention activities within an organization, to indicate the 

seriousnes of the accident problem, to measure the effectiveness 

of safety activities in organizations with comparable hazards, 

and to evaluate progress in accident prevention within an 

organization or industry. 

4.1.4 ANSI Terminology For Work Injury Measurement Standards 

Certain definitions concerning the various aspects of 

disabling work injuries have been established by the American 

National Standards Institute as follows: work injury - any 

injury suffered by a person that arises out of or in the course 

of his or her employment. The word "injury" also includes 

occupational disease and work-concerned disability. Work 

injuries are classified as follows: 
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Death - any fatality resulting from injury regardless of the 

time intervening between injury and death. 

2. Permanent Total Disability - any injury other than death 

that permanently and totally incapacitates an employee 

from following any gainfull occupation or results in 

loss of or the complete loss of use of any of the 

following in one accident 

a) Both eyes 

b) One eye and one hand, or arm, or leg, 

or foot 

3. Permanent Partial Disability - any injuty other than death 

or permanent total disability that results in the 

complete loss or loss of use of any member of part of a 

member of the body, -or any permanent impairment of 

functions of the body or part thereof, regardless of 

any pre-existing disability of the injured member or 

impaired body function. 
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4. Temporary Total Disability - any injury that does not result 

in death or permanent impairement but one that renders 

the injured person unable to perform a regularly 

established job that is open and available to him. 

5. Medical Treatment Injury - an injury that does not result in 

death, permanent impairment or temporary disability but 

requires medical treatment 

4.1.5. Why Accident Data? 

simple, yet far-reaching answer to the question "Why 

accident data? " is that the entire safety movement was born, 

grew in stature, and lives today because of data. Furthermore, 

the safety movement would most surely die if statistical data 

were not available to provide the nourishment, the energy and 

the guiding force in support of the nation's accident prevention 

efforts. 

Let us take a look at a few facts. Is it not turey that your 

acceptance, and the nation's acceptance, of the need for safety 

programs is based upon evidence that accident problems exist and 
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that their existence is of some vital importance? The thoughts 

and actions of countless individuals and organizations are 

strongly influence by accident data. They show conclusively, in 

continuing analysis, that accident problems exist and that their 

existence has a profound influence on the nation's human and 

material resouces. 

What if these data- these "statistics" - were not available? 

It seems quite reasonable to speculate that, in the absence of a 

means of identifyfing the accident problem, the interest of 

company managers, state and federal government agencies, and the 

general public in accident prevention would be greatly reduced, 

possibly non-existent, unless someone close at hand were 

involved in an accident. 

Actully, work accidents are rare events in the 'life of any 

given individual, and few persons can form any clear 

understanding of their importance as a social and economic 

problem solely from their own experience. Statistics of the kind 

just described expand the scope of accident knowledge and create 

a realization that there is a problem in urgent of a solution. 

The safety movement began with statistics that were 

developed to identify the problem and as this grew, statistics 

provided the basis for accident prevention decision-making 

activitty, and it lives today because statistics have shown the 
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positive results of these prevention efforts and have centred 

and stimulated the urge to actionI 

'If one accepts, the premise that the safety movement must 

have injury and accident statistics, the next question would be, 

what responsibilities do the state and federal governments have 

for providing such statistics? The answer no doubt is obvious, 

only governments have the resources to produce the comprehensive 

basic statistics needed to identify meaningfully the problems 

and measure progress. 

outside government there are, of course, many special 

statistical activities, some of a continuing nature, that serve 

a particular purpose and are most useful to the safety movement. 

But these sources provide limited information and data are 

usually collected from a relatively narrow segment of the 

population. 

For example, the National Safety Council (NSC) produces work 

injury statistics, including the annual publication of a very 

useful booklet entitled Accident Facts. For the most part, the 

NSC work injury data are collected from organizations with 

membership in the Council. There organizations, as a whole, have 

better injury records than the total univers of organizations 

with similar missions, and they all have sufficient interest in 
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safety to become a member of the council. Thus, their collective 

work injury record is much better than that of organizations 

reporting to government agencies, such as the Bureau of Lobour 

Statistics or a state safety agency. 

State and federal safety agencies all have a statutory duty 

to foster and promote the welfater of all workers, and keeping 

the occupational safety and health movement alive and vigorous 

is of the essence as such a responsibility. Unfortunately, only 

a few state agencies have adequate resources to properly do the 

task they should be performing in this area. 
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4.2 ACCIDENTS STATISTICS BASED ON THE NUMBER OF PERSONS INJURED 

To assess the effectiveness of accident prevention measures 

it is necessary to measure safety performance. Traditionally 

this has been done by producing accident statistics based on the 

numbers of person killed or injured in a given time exposure to 

the risk. In order to achieve a measure of international 

comparability the International Labour Office produced a 

recommendation in 1929 for the method of compiling statistics in 

coal mining accidents. This recommendation suggested means of 

computing frequency and severity rates in order to produce a 

numerical measure of safety performance. Since 1929 there have 

been several modification to the recommendation but 

unfortunately these have not achieved universal acceptance. 

The normal measurement indices of safety performance are: 

Number of accidents X 100,000 
Frequency rate - 

Number of man-hours exposure 

Number of workdays lost X 100,000 
Severity rate - 

Number of workdays exposure 

Number of accidents X 1,000 
Incidence rate - 

Number of employed 
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Number of workdays lost 
Duration rate - 

Number of accidents 

All rates are per year. 

Accident statistics based on these indices are produced 

annually but the data cannot always be used to compare one 

country with another due to discrepancies in the compilation of 

these statistics. Different countries have different definitions 

for notifiable accidents or in compiling the total number of 

man-hours exposure or the total number of persons employed. For 

example, in some countries fatal accidents are those in which 

the injured person dies within 30 days of the accident; in 

others a fatality is an accident in which death occurs within 12 

months of the accident. In respect of the definition of 

non-fatal accidents the criteria vary even more. In some 

countries the definition of a serious injury accident is one 

where the injured person is disabled for longer than 14 days; on 

the other hand, some countries include in their accident 

statistics incapacities lasting for 1,2,3 or 4 days only. 

Further variations occur in some other countries where 

temporary disablement is ignored yet accidents where medical aid 

is given are included. In compiling accident statistics based on 
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total man-hours exposure the variation is even more widespread. 

In some countries the standard adopted is that of 300 man-days 

worked per annum, a figure which does not reflect the number of 

hours worked per day or the total number of days worked per 

year. Such variations will produce differences of between 2,400 

hours and 3,000 hours exposure per annum and therefore make 

comparisons incompatible. 

Furthermore, in certain countries ancillary workers employed 

cokeing and briquette making are included in the total number of 

persons exposed. In some colliery accident statistics, technical 

employees exposed to mine visits, such as surveyors, ventilation 

engineers and other colliery officials, are included in the 

total man-hours exposure data. 

4.2.1 Accident Statistics Based On "Causes" 

The accident statistics considered so far have been soley 

concerned with the number of persons killed or injured, the 

number of workdays lost or the number of man-hours exposure. In 

the ILO recommendation of 1929 consideration was given to 

"causes" in surface mining. 

As with previous data discrepancies occurred due to 

differences in interpretation, for example, shaft. The U. K and 
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Germany the definition includes accidents in the main coal 

winding or man transport shaft; in the U. S. A it includes cross 

measure drifts to the seam and in Belgium accidents in blind 

shafts are included. However, over recent years there has been 

almost universal acceptance of the main categories of "causes", 

these are: fall of ground, haulage and transport, machinery, 

miscellaneous including explosive and explosions, shafts, 

surface accidents. Such categories are not really "causes" but 

are "agents" of causation" and they do not highlight the basic 

or root causes referred to in the conceptual model outlined in 

chapter 2. 

Until recently the philosophy of accident prevention 

legislation has been concerned with the "safe environment 

protected worker". For over 100 years health and safety 

legislation has insisted that where the process cannot be 

guarded the worker shall be provided with protective clothing or 

equipment. With the implementation of the Health and Safety at 

Work Act 1974, a change in emphasis became necessary. 

Section 2(3) Health and Safety at Work Act 1974 requires all 

employers of five or more persons to produce a statement of the 

health and safety policy, together with the organisation and 
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arrangements to implement that policy. (All the major coal 

producing nations studied in this research have adopted similar 

health and safety legislation during the past decade. ) Within 

such arrangements there requires to be a scheme for notifying 

the Health and Safety Executive in the event of accidents which 

result in death, serious major injury or dangerous occurrence. 

The general report of the accident should be given to the HSE 

with an explanation of how the accident happened or how those 

injured or killed sustained their injuries. Information 

regarding the true cause of the accident rather than the injury 

is not required or collected on a routine basis. 

In the 1930s HW Heinrich made an analysis of accident 

classification according to the seriousness of injury sustained. 

It involved 75,000 accidents which occurred in the U. S. A. From 

these accident ratio studies the Heinrich triangle figure 4AA 

was established. Further work on accident ratio studies was 

carried out by FE Bird in the 1960s and 1970s who researched 

1,750,000 accidents. 

As a result the triangle was modif ied f igure as in 4.1B. 

These ratios have been applied to cool mine accidents in the 

U. K. From these accident ratio studies it will be observed that 
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if one considers only those accidents which are required to be 

notified to the enforcing authority many accidents may be hidden 

and not be investigated. Damage to plant is often recorded as 

part of some other aspect, such as mechanical or electrical 

breakdown 
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FIC. 4.1 Accident Ratio Studies 

Fig. 4.1A Heinrich Accident Ratio Triangle 

Accidents causing major injury 

Accidents causing minor injury 

Accidents causing no personal 
injuries though property damage 
was incurred 

Fig 4AB Bird Accident Ratio Triande 

Accidents causing serious injury 

Accidents causing minor injury 

Accidents causing property damage 

Accidents causing no personal injury 
or property damage 

Fig 4AC National Coal Board Ratio Triangle 

Accidents resulting in fatality 

Accidents causing serious 
major injury 
Accidents causing minor injuries 

Accidents causing no personal 
injury but involving plant damage 

Fig 4. ID South Wales Coalfield Accident Ratio TrianRle 

II Major accident 

55 Minor accidents over 3 days 

800 

\ 

Unrecorded accidents 
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In 1923 a recommendation was made by the American Standards 

Association to adopt the American practice for compiling 

industrial accident causes. Unfortunately, the scheme has not 

been widely accepted. This scheme provides for the 

classification of accident causes according to: 

a) the agency and agency part concerned (eg machine, 

elevators, boilers); 

b) the unsafe mechanical or physical condition encountered 

(eg improperly guarded agencies, hazardous arrangement 

around the agency, improper illumination, improper 

ventilation, unsafe dress); 

C) the type of accident (eg striking against, struck by, 

caught in, fall on same level, slip, contact with 

extreme temperature); 

d) the unsafe act committed (eg operating without 

authority, operating at unsafe speed, making safety 

devices inoperative); and 

e) the unsafe personal factor involved (eg improper 

attitude, lack of knowledge or skill). 
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Code numbers allotted to the different factors facilitate 

the use of the report for statistical purposes. Upon analysis of 

the accident the essential circumstance is shown under item b) 

and it is here that accident prevention work should start. if at 

the same time something can be done with regard to items d) and 

e), all the better but item b) is where efforts to eliminate 

accidents of this type should be concentrated. 

It will be noticed that when analysing the unsafe act d) and 

the unsafe personal factor e) consideration must be given to 

aspects of psychology. The "American Recommended Practice" is 

largely based on the assumption that it is usually the victim of 

the accident who commits the unsafe act and has the unsafe 

personal factors. However, a large amount of research is going 

on into improper attitudes, lack of knowledge and other unsafe 

personal characteristics of managers and foremen as factors in 

accident causation. 

In their present form, section d) and e) give the impression 

that the psychological causes of accidents almost always reside 

in the worker, and they do not bring out such factors as poor 

supervision, poor personal management and excessive speed of 

work. In spite of such incorrect assumptions the "American 

Recommended Practice" remains probably the best classification 
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of accident causes yet published. It is, however, only a 

recommendation and, with the exception of a few of the states of 

America, it is hardly used at all in official statistics. 

4.2.2 Mining Enforcement And Safety Administration 

In the two previous sections of this chapter consideration has 

been given to statistics based on accidents which actually have 

happened. The Coal Mine Health and Safety Act, 1969 requires 

Inspectors to carry out inspections at least four times per 

annum in the case of underground mines and three times per annum 

in the case of surface mines. The system involves a detailed and 

critical audit of those aspects of the mine which can affect the 

health and safety of the miner. 

4.3 INTERNATIONAL C014PARISON PERFORMANCE 

4.3.1 International Labour Organisation Standards 

The accident statistics used for comparing the safety 

performance in different countries are governed by Resolution II 

of the Tenth International Conference of Labour Statisticians. 

For the purpose of present research, the data is based on fatal 

accidents arising from mining activities and does not include 
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deaths from occupational diseases. 

The fatal frequency rate is defined as the ratio of the 

number of accidents occurring during a given period to a number 

representing the "exposure to risk" during that period. The 

number of accidents occurring is based on statutory reporting 

systems or industrial accidents compensation data and the 

"exposure to risk" is expressed in terms of full-time workers, 

can be person insured, or hours worked. For the purpose of this 

section the Frequency Rate used is: 

Frequency Rate - 
Number of accidents X 1,000,000 

Number of hours worked. 

If the number of hours worked is not known it has been 

estimated by multiplying the number of person exposed to risk by 

the average hours of work per day. Furthermore, it has been 

necessary to convert the ILO data to a standard frequency rate 

based on one million hours exposure. 

In some countries the incidence rate is used for comparison 

purpose. In these cases is defined as: 

Incidence Rate- 
Number of accidents X 1,000 

Number of workers exposed to risk 
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Table 4.1 Fatal Accidents Frequencv rates 

Rates per million man-hours worked 

(Source-International Labour Year Book) 

COUNTRY CANADA FRANCE JAPAN U. K. U. S. A. 

YEAR 

1967 4.07 0.25 0.67 0.21 0.90 

1968 1.32 0.26 0.90 0.18 1.32 

1969 3.04 0.28 0.68 0.19 0.85 

1970- 1.83 0.33 0.84 0.19 0.99 

1971 2.11 0.30 0.44 0.13 0.71 

1972 2.12 0.18 0.86 0.16 0.58 

1973 2.21 0.28 0.60 0.19 0.47 

1974 1.81 0.56 0.73 0.12 0.45 

1975 1.10 0.15 0.76 0.15 0.40 

1976 1.81 0.36 0.35 0.14 0.38 

1977 1.02 0.13 0.73 0.10 0.35 

1978 1.43 0.16 0.33 0.16 0.28 

1979 0.80 0.13 0.48 0.13 0.27 

1980 0.71 0.12 0.26 0.12 0.25 

1981 0.70 0.13 0.27 0.13 0.24 

1982 0.69 0.11 0.25 0.10 0.22 

1983 0.65 0.09 0.30 0.14 0.28 

1984 0.62 0.11 0.26 0.10 0.22 

1985 0.58 0.13 0.27 0.09 0.20 
1986 0.60 0.11 0.25 0.10 0.21 
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Table 4.2 Underground Fatal Accident FreqUency Rates (five year 

average. ) 

COUNTRY W. GERMANY FRANCE U. K. U. S. A. 

YEAR 

1961-65 0.65 0.33 0.31 1.50 

1966-70 0.55 0.37 0.261 1.25 

1971-75 0.44 0.47 0.20 0.85 

1976-80 0.38 0.33 0.14 0.45 

1981-85 0.35 0.30 0.13 0.44 
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4.3.2 The Commission Of The European Community's Standards 

Within European community the statistics adopted for 

comparison purpose are somewhat different. The fatal accident 

frequency rate is based on the frequency per million man-hours 

where death occurs within 56 days of the accident. The seriously 

injured frequency rate is based on the number of persons 

incapacitated for 56 days or longer per million man-hours 

exposure. 

It is only since 1976 that the statistics for the U. K. have 

been comparable with the rest of the Community countries. The 

figures prior to 1976 are not strictly comparable as they refer 

to slightly different criteria, the usual rates being in number 

seriously injured per 100,000 man- shifts. 

In addition, there appears to be discrepancies between the 

figure quoted in the EEC statistics and those given in the 

report of the Chief Inspector of Mines. 

In some years the difference in fatalities has been of the 

magnitude of 18 or 20 persons and the output tonnages quoted 

have likewise shown a variation of up to 12 to 15 million 

tons. The reasons for this discrepancy have not been 

ascertained. 
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Table 4.3 Overall Fatal Frequency Rate Due to Underground 

Accidents 

COUNTRY BELGIUM W. CERMANY FRANCE HOLLAND U. K. 

YEARS 

1967 0.54 0.55 0.34 0.17 0.20 

1968 0.47 0.52 0.40 0.30 0.19 

1969 0.33 0.50 0.38 0.24 0.18 

1970 0.47 0.41 0.48 0.25 0.17 

1971 0.33 0.47 0.47 0.10 0.14 

1972 0.54 0.46 0.22 0.26 0.15 

1973 0.55 0.43 0.38 0.18 

1974 0.20 0.35 0.89 0.52 0.15 

1975 0.30 0.42 0.19 0.19 

1976 0.25 0.39 0.60 0.09 

1977 0.20 0.34 0.19 0.12 

1978 0.28 0.40 0.24 0.15 

1979 0.33 0.41 0.15 0.11 

1980 0.30 0.39 0.37 0.09 

1981 0.32 0.31 0.16 0.07 

1982 0.33 0.23 0.32 0.15 

1983 0.19 0.23 0.41 0.09 

1984 0.75 0.36 0.24 0.12 

1985 0.47 0.30 0.33 0.11 

1986 0.60 0.33 0.28 0.11 
*** Holland's Production Stoped After 1974. 
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Table 4.4 Fatal Frequency Rates Due to Haulage and Transport 

COUNTRY BELGIUM W. GERMANY FRANCE HOLLAND U. K. 

YEARS 

1967 0.19 0.15 0.09 0.06 

1968 0.11 0.13 0.10 0.09 0.06 

1969 0.08 0.15 0.09 

1970 0.18 0.14 0.14 0.17 0.04 

1971 0.13 0.10 0.12 0.06 

1972 0.19 0.16 0.09 0.27 0.05 

1973 0.22 0.14 0.08 0.03 

1974 0.07 0.08 0.13 0.05 

1975 0.17 0.13 0.07 0.09 

1976 0.03 0.11 0.10 0.08 

1977 0.07 0.08 0.06 0.07 

1978 0.17 0.14 0.05 0.12 

1979 0.25 0.11 0.05 0.06 

1980 0.20 0.12 0.11 0.06 

1981 0.08 0.13 0.02 0.05 

1982 0.08 0.05 0.11 0.07 

1983 0.09 0.08 0.12 0.05 

1984 0.15 0.11 0.12 0.07 

1985 0.12 0.10 0.12 0.06 

1986 0.13 0.11 0.13 0.07 
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FREQUENCY RATES OF PERSONS INCAPACITATED 
Table 4.5 Overall Frequencv Rate of Persons Incapacitated due to 
Underground Accidents 
Rates given in 1000s per million man-hours exposure 

COUNTRY BELGIUM W. GERMANY F'RANCE HOLLAND U. K. 

YEARS 

1967 10.9 14.7 12.9 7.6 13.10 

1968 10.7 15.6 14.6 8.9 12.00 

1969 13.3 16.2 14.9 9.4 14.00 

1970 12.1 15.8 15.2 8.8 13.70 

1971 13.7 14.9 16.5 9.1 13.60 

1972 12.2 15.2 18.3 9.0 7.76 

1973 13.1 16.2 20.2 10.8 8.45 

1974 12.7 15.4 19.8 10.5 7.19 

1975 9.8 14.7 18.5 9.05 

1976 10.6 14.2 19.0 7.72 

1977 8.6 15.0 19.3 7.72 

1978 11.5 14.9 23.7 7.04 

1979 11.6 15.5 22.2 5.50 

1980 9.4 14.6 23.7 4.86 

1981 11.79 15.16 24.50 4.83 

1982 8.22 14.10 23.38 4.49 

1983 8.48 13.85 23.52 4.07 

1984 11.80 15.42 21.78 11.71 

1985 10.0 14.10 22.00 8.0 

1986 11.00 14.00 21.00 10.00 
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FREQUENCY RATES OF PERSONS INCAPACITATED 
Table 4.6 Frequency Rate due to Fall of Ground Accidents 

COUNTRY BELGIUM W. GERMANY FRANCE HOLLAND U. K. 

YEARS 

1967 3.86 4.53 3.64 2.48 2.39 

1968 3.69 4.63 4.17 2.46 2.00 

1969 5.09 4.75 4.05 2.75 1.30 

1970 4.68 4.33 3.76 2.63 1.30 

1971 4.00 4.36 3.70 2.55 1.22 

1972 4.61 4.25 3.80 2.06 1.22 

1973 4.02 4.30 4.39 4.23 1.17 

1974 4.01 4.09 4.53 1.05 0.77 

1975 2.80 3.68 3.76 1.30 

1976 2.78 3.47 3.82 0.86 

1977 2.56 3.67 3.89 1.05 

1978 3.45 3.50 4.90 1.03 

1979 3.26 3.52 4.86 0.82 

1980 2.41 3.00 4.32 0.72 

1981 3.03 3.15 4.92 0.70 

1982 1.81 2.61 4.33 0.64 

1983 1.86 2.69 4.88 0.78 

1984 2.95 2.72 4.10 1.43 

1985 2.50 2.70 4.50 1.10 

1986 2.60 2.85 4.75 1.45 
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FREQUENCY RATES OF PERSONS INCAPACITATED 
Table 4.7 Frequency Rates due to Haulage and Transport 
Accidents 

Rate given in 1000s per million man-hours exposure 

COUNTRY BELGIUM W. GERMANY FRANCE HOLLAND U. K. 

YEARS 

1967 2.95 1.92 1.93 1.87 2.75 

1968 3.24 1.99 1.98 2.42 3.00 

1969 3.18 2.20 1.57 2.57 2.50 

1970 3.03 2.02 1.68 2.64 2.00 

1971 3.39 1.73 1.98 1.83 1.90 

1972 2.81 1.82 1.90 2.20 1.85 

1973 3.35 1.82 2.38 2.45 1.75 

1974 2.45 1.69 2.35 2.59 1.82 

1975 2.38 2.15 2.64 1.94 

1976 2.97 1.40 2.54 1.85 

1977 2.22 1.75 2.45 1.69 

1978 2.75 1.78 3.12 1.54 

1979 2.75 1.70 2.69 1.34 

1980 2.31 1.73 3.48 1.12 

1981 2.86 1.62 3.11 1.14 

1982 2.05 1.56 2.41 1.09 

1983 2.14 1.39 2.16 0.97 

1984 2.50 1.41 2.07 1.86 

1985 1.30 1.40 1.00 1.50 
1986 1.45 1.39 1.10 1.65 
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4.4 THE EFFECTIVENESS OF ACCIDENT PREVENTION MEASURES 

4.4.1 ACCIDENT PREVENTION EXPERIENCE 

It is not easy to explain in simple terms why some countries 

have better safety records than others. Amongst the contributory 

factors are the experience of mine disasters, public outcry, 

technological advancement, economics, as well as political will. 

Some countries have benefited from accident experiences 

elsewhere, yet other countries have ignored such occurances. In 

many cases technological advancement has been shared and so has 

contributed towards safer mines. 

In a similar manner accident prevention techniques have been 

applied at different rates in different countries. Economic 

forces have at times taken precedence over preventative measures 

and political will has also prevailed to improve safety in 

mines. 

This present research has examined the path of accident 

prevention in several of the major Coal producing countries over 

the past two hundred years. Have been studied how the various 

accident prevention techniques have been applied, or ignored, by 

those countries. It should also investigates how the experience 

of the application of one technique affect the other 
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techniques and, when applied in combination, how overall effect 

on safety. Thus, by an holistic approach to accident 

prevention, this research attempts to explain why some countries 

have better safety records than others. 

4.4.2 Accident Prevention Experience In The U. K. 

Over the past twenty years the British Coal Mining Industry 

has emerged as the safest coal mining industry in the world in 

terms of the number of fatalities and seriously injured per 

100,000 man-shift worked. This progress has been achieved 

through a combination of various elements, each of which has, in 

turn, played a major role in reducing the tragic toll of loss of 

life or limb. These elements include legislation, research, 

safety training and mining technology. 

The first contribution to the creation of a safe place of 

work improved the working environment and physically prevented 

accidents. However, much of the early safety legislation was 

introduced after explosions, fire, floods or other major 

incidents involving multiple loss of life. when 204 men and boys 

died when the mine shaft became blocked by the broken beam of 

the winding engine. 
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This Act prohibited persons from working in a mine unless 

there were two shafts or outlets. There were also a number of 

select Committees and Royal Commissions on Accidents in Mines 

which examined specific mining situations. Frequently these 

reports were translated to legislation which aimed at improving 

the working environment. 

Successive Mining Acts towards the end of the nineteenth century 

required the appointment of certificated colliery managers and 

undermanagers, regular inspections of mine workings by competent 

persons (including the inspection of the workplace by workmen's 

representatives), compulsory use of safety lamps where 

inflammable gas was likely, precautions to guard against coal 

dust explosion, etc. All of these measures contributed towards 

producing safer mines. 

With changes in methods of mining the coal, came changes in 

the pattern of accident. The introduction of electricity 

underground and the use of explosives for the blasting of coal 

caused many explosions which resulted in large-scale loss of 

life. In consequence, in 1896 the first "Explosives in Coal 

Mines" order was introduced and this allowed only the use of 

permitted explosives in dry or gassy mines. A testing station 

for explosives was established in 1897 whereby only those 

explosives which passed the test were included in the list of 

permitted explosives for use in coal mines. 
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Following a select Committee report on the use and dangers 

of electricity, a Code of special rules for electricity in mines 

was introduced in 1905. 

In spite of the then increasing amount of legislation, there 

was little improvement in the accident figures and in 

consequence, a Royal Commission on Accidents in Mines was 

appointed in 1906. 

During the 1920s and 1930s the work of the Safety in Mines 

Research Board began to make an increased contribution towards a 

safer working environment. Scientific research into conditions 

in mines led to an improvement in methods of working and testing 

of mine equipment, results in change in the pattern of 

accidents. There were fewer explosions, due mainly to a stricter 

control on the types of explosives used and improved 

ventilation. 'The testing of explosives in simulated hazardous 

conditions led to safer explosives and fewer explosions caused 

by shotfiring. 

The testing of electrical equipment to a flameproof or 

intrinsically safe level the issue of the "Buxton" 

certificate) has contributed towards the prevention of ignition 

of gas. Mines were also made safer by studies into ventilation 

standards which eventually led to statutory requirements in 

respect of the quality of mine air. 



161 

I With the Coal Industry Nationalisation act, 1946 the Coal 

mines passed into public ownership and it was during the initial 

years of the nationalised industry that great strides were made 

in safety training. To train the whole of the industry to a 

common standard was a major task but the result was a further 

reduction in accidents. Basic safety training was complemented 

by further intensive training for specific types of workers. 

Further efforts on a national scale began in the early 1960s 

through the National Safety Committee sponsoring accident 

prevention campaigns aimed specifically at changing attitudes. 

Safety campaigns were conducted nationally for some fifteen 

years. 

Initially the inter-colliery competitions were based on 

accident statistics per 100,000 man-shifts worked with 

categories of mine by size, ie large, medium and small 

collieries. Valuable cash prizes as well as trophies were 

awarded and the effect of such competitions was to create a 

safety awareness throughout the industry. Safety campaigning has 

contributed towards the improved accident figures. 

The National Coal Board considers that in the future major 

reductions in accident figures will be achieved through the 
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application of Advanced Technology Mining. This mining technique 

attempts to improve the inherent safeness of the workplace by 

the removal or dilutation of the hazard through the means of an 

engineered technical solution at the design stage. 

Research by the National Coal Board Safety Branch 

Collinson, J. (1978) has shown that in more than one third of 

mining accidents the hazard could be eliminated at the design 

stage. In a further 40% of accidents the hazard could be reduced 

by the application of known and proven technology such as 

advanced technology mining systems. 

The ATM projects incorporate mining which, by means of remote 

control or automatic operation, remove or eliminate the miner 

from the danger area. 

For example, single lever batch or push button control of 

powered supports, radio control of the power loader, chainless 

haulage . Not only do such schemes lead to a reduction in 

accidents, they also show an increase in output and 

productivity. Away from the coal face ATM schemes include 

manless transfer points and remote haulage systems in roadways 

which incorporated dispatch and receive systems for mine cars. 

Due to the high cost of such schemes and current restraints on 

capital expenditure, it has not been possible to fully implement 

many of these schemes. 



163 

The strategy of the removal of the human factor by Advanced 

Mining Technology is coupled with the arrangements required to 

implement the Safety Policy of the National Coal Board ( Section 

2(3) Health and Safety at Work Act, 1974). 

The strategy of designing the working environment for advanced 

mining technology has complemented the work done towards the 

reduction of the human factor. Since the scheme was introduced 

in the mid-1970s the accident figures have shown a downward 

trend in fatal accident rate for 1979 was the lowest ever 

recorded in the U. K. 



164 

4.4.3 Accident Prevention Experience In France 

The first country in Europe to use legislation as a means of 

preventing accidents is reputed to have been France. As the 

result of a decree in 1781 both an "Inspectorate of mines" and a 

it School of Mines" were established. Since that time further 

safety decrees have been introduced, several of which came in 

the wake of disasters. The current legislation is part of the 

labour code with detailed regulation set out in decrees, 

ordinances and circulars. 

The safety, health and welfare services are enforced jointly by 

the Ministry of Labour and the Social Security Department. The 

legal enforcement is made by the Ministry of Labour Inspector 

but the Social Security Department applies financial sanctions 

by increasing the employers accident insurance contributions in 

the light of the accident record. Both of these Inspectorates 

are responsible to national advisory committees comprising 

members from the administration, employers organisations, trade 

unions and professional societies for health and safety. Changes 

in health and safety legislation or new ordinances or circulars 

are required to be approved by these committees before going to 

Parliament. 
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The basic General Regulations are supplemented by 

appropriate decisions covering specific tasks and the 

Organisation of Accident Prevention Services. With the decree of 

March 1978 CEC (1979) there is a statutory provision for joint 

consultation on health and safety, this being a subcommittee of 

the Mines Council. If there are over one thousand employees 

there must be at least six worker representatives of which two 

must be supervisors. The mine director is usually the chairman 

and the safety officer is secretary. The committee is required 

to draft the mine's annual programme of health and safety 

action. 

The committee meets quarterly and following any serious 

accident it is required to forward reports of accident 

investigations to the Ministry of Labour Inspector. Fines can be 

imposed for accidents where there is a neglect of a statute. If 

there is a repeat of the accident within one year the fine is 

increased tenfold. A third similar offence can cause the mine or 

a section of the mine t6 be closed. The Social Security 

Department can also impose financial sanctions through 

increasing the insurance injury premium if the accident record 

is poor or where there has been an increase in accidents. Thus, 

there is a direct financial incentive for employers to improve 

accident prevention. 
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Since the early 1950s there have been various decisions 

concerned with safety training. The French National Coal Board 

has developed training programmes which place great emphasis on 

the psychological aspects of accident prevention CEC (1981). 

Collective problem solving and group decisions involving 

managers and supervisor are used with schemes based on training 

within the industry . 

The main training scheme, called FAS, involves accident 

investigatory groups of managers and supervisors, thereby 

involving them in a participative style of management. 

Recommendations are made by these investigatory groups of 

managers and supervisor, thereby involving them in a 

participative style of management. These recommendations by the 

investigatory groups are required to be implemented by the 

colliery manager. The role of the supervisor is regarded as 

being the key factor in promoting health and safety as well as 

influencing safety standards in the workplace. 

Unfortunately most supervisors are paid on production and it 

is felt that, on occasions, when faced with a situation which is 

hazardous, some supervisors make decisions in favour of 

production at the expense of safety. 
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Since 1977 the French Coal Mining Industry has concentrated 

on three broad aspects of accident prevention. 

1- Technology to consider the condition of the equipment in 

mines and method of working. 

2- The organisation of the system of work or the workplace, 

and 

3- Selection and training of their duties and training. 

Furthermore, accident prevention planning spans the whole of 

the work process from planning the layout to the withdrawal from 

the mine workings and it involves all levels of the hierarchy 

from senior manager to mineworker. 

Complementing the efforts of the employer are the voluntary 

safety organisations who, through government assistance, run the 

National Institute of Research and Safety. In conjunction with 

the Research Centre of the Charbonnage de France (Cherchar), the 

National Institute develops and assesses safety training 

schemes. 
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Much research work involving technological schemes is conducted 

prior to installation underground. With specific job situations 

the emphasis is to develop and establish open and cooperative 

relations between management, supervisors and the workforce and 

to encourage safety consciousness and awareness of occupational 

hazards. 
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4.4.4 Accident Prevention Experience In Germany W. 

The accident statistics relating to Germany prior to the 

establishment of the European Steel and Coal Community in 1952 

have not been considered as they are unreliable and cannot form 

the basis for our current comparison. They are unreliable 

because of the consequence of the wars in Europe which 

frequently saw the borders between West Germany and France being 

redefined. The coalfields in the W. and E. Germany have appeared 

in the accident statistics of both countries. Since the Second 

world War Germany itself has been divided into Federal Republic 

(West) and German Democratic Republic (East), both of which have 

different health and safety legislation. Furthermore, the few 

accident statistics available for mining during both the world 

Wars do not present a true state of accident prevention . 

Accordingly the comparison of accident prevention measures 

covered by the present research relates to the period from the 

establishment of the European Steel and Coal Community. Since 

1952 there has been much cooperation between the European coal 

mining countries regarding research, the exchange of safety 

training schemes and the adoption of similar mining methods. 
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In W. Cermany the current mining legislation is administered by 

each individual state within the framework of the federal 

legislation. 

In consequence, there are slight variations in the health and 

safety legislation between different states. Under the West 

German Statute of December 1973 the Federal Hinistry of Labour 

imposes duties on the employer to secure the health and safety 

of employees. The Land (state) then interprets the national 

legislation in the light of the requirements of its own mines. 

There is no central Inspectorate as each Land (state) 

Inspectorate enforces the health and safety legislation within 

its- jurisdiction. The national legislation also provides for 

joint consultation and the provision of safety officers. 

Complementing the Land Inspectorate is the 

BergbauBerufsGenossen- schaften (BBG) - the Mining Industry 

Mutual Accident Insurance Association which also has enforcement 

responsibilities. Although the main purpose of the BBG is to 

administer workman's compensation, it has a second role. 

It can draft and issue safety regulations after submitting them 

to the Federal Ministry for approval through the Land Authority. 

Both the employers association and employees unions jointly 

administer the BBG and the chairmanship is held alternately 

every two years. It can offer financial inducements (Freeman, N. 

1972) to improve accident prevention by reducing the isurance 
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premium or by requiring increased safety training and it places 

great emphasis on the promotion of health and safety. 

In 1970 the committee of Occupational Safety and Medicine in 

the German Coal mining industry CEC (1981) recommended that 

safety training programmes dovetail in with work on safety 

carried out by the mines themselves and correspond to prevailing 

operating conditions at that mine. The length of such training 

schemes is determined by the individual mines through joint 

consultation between the mine management, the, safety 

professionals and the mine works council. In this way the safety 

training programme relates directly to the type of accident 

happening in that particular mine. 

For example, the safety training programme one year may relate 

to the "operation of the armoured face conveyor ". In another 

year it may relate to the "Fall of Ground" or "Dust" or "The 

Operating Procedure with Haulage Systems". The actual content of 

the training is developed at the mine by the works council and 

safety professionals and is backed up by slogans, films and 

relevant training aids supplied by the BBG. 

Further publication on a particular safety topic are also 

produced and printed in the Gluckauf journal which is 

distributed to interested parties. 
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Thereby the experience gained by a particular programme may 

be disseminated throughout the industry. Each safety training 

programme has to conform to the relevant safety training 

regulation of the land, i. e. North Rhine Westphalia whose 

regulation may be different from the Saar. In addition to such 

specific schemes there, are other topics of a general nature such 

as noise. These are usually accompanied by films or slide talks 

aimed at the entire workforce. These accident prevention 

training programmes have had considerable influence on the 

safety awareness of the German mineworker and this is reflected 

in the falling trend in the number of accidents. 

4.4.5 Accident Prevention Experience in Belgium 

In Belgium the participation of workers delegates in the 

inspection of coal mines has been a long-established practice 

(Petre, R. 1979). The mines Act of 1897 has been modified several 

times to meet changing circumstances. Today the Labour 

Inspection Delegates have to pass various examination to show 

their intellectual skills on mine working and measures relating 

to safety and health in mines. Persons so certified are chosen 

by the workers at national level and appointed to represent 

groups of mines and are in the post for a term of four years. 
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Their duties are laid down by statute and they work under 

the direction and supervision of the Inspector of Mines. Coal 

mines are inspected from the standpoint of the workers, safety 

and health, and the Labour Inspection Delegates assist in the 

recording and investigating of accidents and the notifying of 

the mines administration of any infringements of labour laws and 

regulations. - 

In case of need or emergency the labour delegate must inform the 

mine manager of any measures he considers should be taken to 

rectify the danger. If any infringement of the mine safety 

regulations is likely to cause imminent danger the delegate 

confers with the management representative who must take action. 

Failure to take action may result in penalties on the mine 

manager according to the penalties laid down in the Mine Act. 
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4.4.6 Accident Prevention Experience, In Sweden 

As a result of the 1974 and 1978 Working Environment Acts, 

the safety delegate, elected by fellow employees, is the key 

person at local level in the achievement of improvements in the 

working environment. At all workplaces which employ five or more 

people, such a safety delegate must be elected by the employees 

and this delegate serves for a three year period. 

Whereas many countries rely on the worker delegate to notify 

the Inspectorate of unsafe conditions or imminent danger, in 

sweden the safety delegate has the power to stop or suspend work 

if he believes there is imminent danger of serious injury 

(Sodorstrom, I. 1976). If there is a dispute with the management 

as to whether the work situation constitutes a danger, the 

safety delegates decision remains in force until the Labour 

Inspectorate can resolve the problem. The stopping suspension of 

work by a safety delegate may include either a single operation 

or total shut-down of the whole plant. 



175 

4.4.7 Accident Prevention Experience in Australia 

A major problem has been obtaining any details relating to 

the current national accident situation. According to Walsh, W 

(1979) each State has its own occupational health and safety 

legislation as well as Commonwealth (Federal) legislation and no 

national statistics are available. 

There is no common definition of notifiable accident and there 

is variation in the, definition of a lost time accident. This 

varies from one day away from work to the loss of one working 

week or more. Worker compensation payments have escalated since 

1975 and consequently several states have recently introduced 

health and safety legislation. Legislation is enforced by a 

Central Inspectorate which also covers health. 
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4.4.8 Accident Prevention Experience in the U. S. A. 

With 3,000 Coal mines in the U. S. A. it has been difficult to 

obtain precise details about many mines. However, it is fortunate 

that there are some large organisation libraries which hold much 

of this information. 

The United States of America is probably unique in having 

both Federal Law and State Law existing side by side. However, 

it was not until the federal law took precedence over state law 

that the introduction of safety legislation led to safer mining 

operations. Initially, in 1865, a Bill had been introduced into 

Congress which sought to form a Federal Mining Bureau but its 

formation did not take place until 1910. Even than, its purpose 

was somewhat minimal. 

Although its function was to oversee mine safety at national 

level, it did not have the authority to conduct mine 

inspections. This function was granted in 1941 but the bureau 

was not given the authority to establish mandatory or even to 

enforce compliance with the recommendations of the Secretary of 

the Interior. 

It is interesting to note that even today there have been 

several cases taken to the United States Court challenging the 

rights of the Coal Mines Health and Safety Enforcement 
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Inspectors on the grounds that such inspections are in 

contravention to the Fourth and Fifth Amendments of the 

Constitution. 

For example, a MESA inspection without a warrant was held by 

the District Court to amount to an "unreasonable search and 

seizure" thereby violating the constitutional rights under the 

Fourth amendment. 

The coal Mines Health and Safety Act 1969 requires that all 

coal mines be inspected and if the inspectors find that 

"imminent danger" exists in the mine they can shut down the mine 

by issuing "orders of withdrawal". Furthermore, the Mining 

Enforcement Safety Administration does not. allow its inspectors 

to given prior notice of their visits to coal operators and the 

concept of inspection without warrant has long been established. 

Under the Act the employer must "maintain employee work 

places free from recognised hazards and comply with specific 

standards appertaining to plant, equipment and operating 

practices". Inspections by the staff of the Mining Enforcement 

Safety Administration were made on the basis of the Coal Mines 

Health and Safety Act, 1969. In mines which liberate excessive 

quantities of methane, or have had a gas ignition resulting in 

injury in the past five years, or other hazardous conditions, 
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inspections are made at least once every five working days. 

In addition, all underground mines are "spot visited" once 

per month and potentially hazardous situations are inspected on 

a daily basis. This inspection programme has resulted in 

considerable numbers of inspectors being recruited and trained. 

In many cases they were not mining engineers but were frequently 

graduates in other disciplines. Many of these inspectors tended 

to interpret the law in absolute terms and failed to appreciated 

the problems of production. 

From the mining Enforcement Safety Administration records of 

accidents there appears to be a relationship between length of 

experience and accidents. An investigation in the early 1970s 

highlighted that 31% of those killed had less than one year's 

experience (Devies, C. 1975). Indeed, the number of people killed 

during the first month on a job was twice that of the next six 

months' period. 

In spite of the Coal Mines Health and Safety Act, 1969 there 

ere no specific training schedules laid down. it was possible 

for a person with the briefest of familiarisation to be employed 

on any job in the mine. Once the miner has gained his 

"certificate of competence" he could "bid" for any vacancy. This 

did not universally apply as some States, for example West 
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Virginia, specified a minimum requirement of instruction to be 

undertaken. 

The US Bureau of mines has also been very active in the training 

field ( U. S. Bureau of Mines 1981). Although the Bureau has been 

concerned with the problem of disease and injury in mining since 

1910, it is only in since 1970 that funds have been available 

for training purposes. As part of the Minerals Health and Safety 

Technology programme the Bureau has been concerned with 

occupational health, accident prevention and disaster planning. 

In conjunction with the National Institute of Occupational 

Safety and Health it has devised improved instrumentation for 

in-mine measurement of respirable dust and other health aspects. 

Considerable effort has been directed towards devising 

training programmes, some of which are reminiscent of the 

training schemes set up in the U. K in the late 1940s and early 

1950s. 

Research by the Bureau has been conducted out into the 

effectiveness of current training programmes they also carried 

out a study of attitudinal and motivational factors affecting 

coal mine utilisation of safety and health practices. The latter 

study attempted to find out how miners felt about safety and 

what factors influence their method of work. It is interesting 

to note that in the low accident rate mines, foremen and miners 
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discussed accident causes and preventative measures. The same 

foremen made miners wear personal protective equipment, often by 

example; whereas in the high accident rate mines poor 

maintenance of such equipment was given as an excuse for not 

wearing it. The study made further recommendations regarding 

safety training and the need to increase its content in ordinary 

training schemes. It highlighted the need to place inexperienced 

miners with those miners who had good safety records and who 

were known to be safety conscious. In the low accident rate 

mines it was found that most workers reflected the attitudes of 

the foremen, hence the importance of taking care with such 

appointments. 

The philosophy now existing is that with increases in 

technology there should be a decrease in accidents. This has not 

happened and a considerable sum of money has been allocated to 

an analysis of accident by cause, identifying specific training 

needs and the design of training schemes to meet these 

needs. Furthermore, the emphasis is now being made on the human 

factors aspect of accident prevention. In other words, to design 

procedures which are simple, to reduce physical and sensory 

demands on the miner, to simplify decisions and to design 

equipment to take advantage of human capabilities. 

The American accident prevention scheme is based on the 

conceptual model of accident causation referred to before. It 
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concentrates on management practice and organisational factors. 

Indeed, a study of the accident trends in the USA shows that 

over the past decade there has been a considerable reduction in 

accidents. Early results of the US Bureau of Mines research show 

that where management decisions are decentralised and management 

is flexible and innovative in trying new safety programmes, 

morale is high and disabling injuries decrease. In addition, 

where management is seen to be interested in health and safety 

programmes and is attempting to reduce accidents, there is more 

feedback from the workforce regarding "incidents". 

This enables management to determine basic or root causes and 

improve remedial work to prevent repetition. In several cases 

the research has shown that accident causation is a function of 

management's commitment to conducting effective health and 

safety programmes. Mines which had identified a specific 

training need and had tailored its safety training to that need 

had more success in reducing accidents than the mines which gave 

general safety training. 

Courses in hazard recognition and accident prevention did 

more to reduce accidents than courses in f irst aid or mine 

emergency training. In order to be effective, training has to be 

reviewed periodically, otherwise standards will drop. The 

research concluded that "on the job safety training" is more 

productive in reducing accidents and that more emphasis should 
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be placed on intrinsic rewards as a motivational factor. 

Furthermore, it was emphasised that the quality of the 

training was more important rather than simply training to 

secure compliance with the Act. 

Finally, the involvement of worker representatives in 

accident investigation and analysis is increasingly being used. 

it is reported that plants with outstanding safety records 

followed the policy of conducting investigations with 

workers/management teams. 
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4.4.9 Accident Prevention Experience In Canada 

Few records of mine accident statistics exist but from those 

records an outline has been drawn about accident experience in 

Canada. Coal mining has been conducted in the eastern seaboard 

states of Nova Scotia and Newfoundland for many decades and 

there are records of some major mining disasters which include 

explosions and massive cave-ins with large scale loss of life. 

During the 1960s there was a large increase in the demand 

for coal and subsequently new mines were established in British 

Columbia and Alberta. 

Production appears to have been of paramount importance, 

little attention being paid to health and safety. In the 

statistics available from the Workers Compensation Board, 19 

deaths are recorded for the period 1960-1980 within a group of 

collieries employing less than 1,000 men. The statistical 

evidence shows that the fatal accident frequency rate was twice 

that which occured in similar mines in the U. S. A. , three times 

that in New South Wales and between two and five times higher 

than in the U. K., depending on the basis for comparison . 
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The majority of these deaths were due to cave-ins and roof 

falls or from machinery under repair. The serious injuries 

showed that inexperience and inadequate training, coupled with 

poor design of mine layout, are major contributors. 

There were major differences between the Coal Mining Acts and 

Regulations in the three underground coal producing provinces. 

It has been suggested that the recent Occupational Safety 

and Health Act 1978 has done much to improve the standards of 

inspection; yet it has done little to improve the safety 

awareness of mine management. The transfer of the Inspectorate 

to the Division of Occupational Safety and Health within the 

Ministry of Labour has led to much political in-fighting. 

This together with an inadequate standard of mine inspection 

staff (due to the departure or transfer of those with extensive 

managerial and engineering experience in mining) has led to the 

replacement of personnel who have less valid mining experience 

and who have to cover a wide variety of inspections. 

Subsequently all these factors have caused a loss of confidence 

on the part of the employers. 

Furthermore, there has been a lack of recognition of the 

dangers involved or, if recognised, an inability to take 

preventive action. A recent recommendation Director of 

Inspection is that these engineers are to be responsible for 

improving standards of inspection with relation to mine layout 
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and practice, mining mechanical aspects, mining electrical 

aspects and accident prevention and training. 

About 80% of the workforce belongs to the trade union and 

employees act as members of the safety committees which are 

required to make regular monthly inspection of mines accompanied 

by responsible officials appointed by management. Reports on 

inspections are prepared and submitted to the mine manager for 

appropriate action. Under the OSHA 1978 employees are required 

to ensure that the workplace is safe which are in for action to 

the supervisor. 

Cases have been recorded where the workman or supervisor, or 

both, are prepared to take unwarranted risks and neglect 

potentially hazardous conditions; other case have been reported 

where the supervisor is not prepared to accept that the 

condition is unsafe. The attitudes towards safety and accident 

prevention have varied within the provinces. In some instances 

the attitudes have reflected those of management, especially 

where coal production appeared to be of paramount importance and 

because of bonus payments taking precedence over safety matters. 

With the implementation of the Acts it is proposed to increase 

and improve safety training with educational courses mounted at 

universities and technical institutes coupled with "on the job" 

training. 
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It is hoped that there will be improved management and 

supervisory training so that they can utilise the knowledge and 

experience of inexperienced miners. Further legislation is 

proposed to encourage tripartite inspection programmes involving 

the union, mine operator and government inspectorate. Government 

finance is also expected for mining research projects, the 

current cost per tone of production being only 25% of the money 

spent on research in the U. K. 
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4.4.10 Accident Prevention Experience In Japan 

There are few statistics available to show the accident 

situation in Japanese mines prior to the turn of the century. 

Those which are available (Fujimoto, T ) show that before 1900 

the number of persons killed annually was usually under one 

hundred. With the development of the coal mining industry the 

number of fatal accidents increased considerably. 

These figures must be suspect due to the attitude of the 

Japanese workers who did not like to report accidents for fear 

of offending the employer; in the early years of this century 

there were numerous disasters, the majority of which were caused 

by firedamp explosions or coal dust explosions. This indicates 

that the industry was going through the same problems that had 

existed in the U. K. in the Victorian era. 

Such statistics may be regarded as outlining the trends as they 

included only accidents in which death occurred instantaneously 

and not those who died as the result of injuries sustained in 

the accident. lack of adequate ventilation, failure to guard 

machinery, long working hours, intensification of work activity, 

lack of safety education and training coupled with the 
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indifference of the mine owners to safety matters, all 

contributed to the high number of accidents. 

Another factor was many females as well as young boys and 

young girls were employed for long hours underground. In those 

days many workers were recruited from poor tenant families in 

rural areas by unscrupulous professional labour suppliers and 

this caused poor labour relations which were not improved for 

decades. The working hours in mines were usually 10 or 11 hours 

per *day with two days off per month. The workers were usually 

housed in company living quarters which were, by modern 

standards, extremely poor . 

The Mines Order of 1892 and Mines Police Regulation 

attempted to introduce some measure of safety but low standards 

of enforcement meant little improvement in conditions was made. 

In fact the majority of Japanese mine owners attributed 

accidents to the carelessness or negligence on the part of the 

workers. An early attempt was made to organise a trade union in 

1897, which produced a bill designed to prevent accidents and 

pay compensation to victims. This bill was thrown out and 

replaced by an Act which prohibited any strike by any worker's 

party. 
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In 1916 the government enforced the Hiners Work Regulation 

which, provided legal regulation of labour. Although it still 

allowed for the employment of females underground, it did limit 

the working hours of males. Thus, the increase in accidents 

could be attributed to the industrial isation of the mining 

industry and the low legal safety standards coupled with poor 

enforcement and non-existent workers consultation. 

After the First World War there was a development of the 

trade union movement which brought a reduction in the hours 

worked. As output and numbers employed increased so did the 

number of accidents. By the late 1920's the fatal accident rate 

in Japanese coal mines was about twice that in the U. K. or 

France and similar to that in the U. S. A. and Germany. In terms 

of fatal accidents per million tons of production, the rate was 

five times that of the U. K. or U. S. A. 

The establishment of the IID and the adoption of several of 

its recommendations influenced the owners and the government in 

Japan. The Miners Work Regulations of 1924 limited the hours of 

underground miners to 10 per day and the employment in 

underground work of females was forbidden. In addition, 

regulations provided more detailed and improved safety measures 

and standards although the level of enforcement was poor. 
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Inexperienced miners and lack of training, together with 

drafted personnel, resulted in higher, accident rates. These gave 

an impetus to the Regulations in safety and health of 1934 and 

1937 but which were not enforced until 1947. During World War 

II, under the Exceptions Order the conditions of employment were 

loosened and accident prevention went back to the condition of 

before the 1920's. 

Towards the warýthe hours of employment increased even more 

and safety education and training was reduced. The number of 

fatal accidents in mines rose from 686 in 1932 to 2147 in 1944 

although these statistics may be suspect due to the high number 

of drafted students and workers. With the signing of the Peace 

Treaty the American Occupation Army took the initiative to 

improve conditions at work. The normal hours of work per day 

were reduced to eight by the Labour Standards Law of 1947. This 

Act also prohibited underground work between 10.00 pm and 5.00 

am by miners under 18 years of age, as well as in certain kinds 

of dangerous work. 

It also gave general direction as to rules and 

administrative directives for safety measures, however, the Act 

was somewhat difficult to enforce. More details were prescribed 

in the Regulations in Labour Safety and Health. The appointment 

of safety supervisors and health supervisors was required in 

large organisations but there was no statutory requirement for a 
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safety committee. If the mine decided to form such a committee 

it had to include representatives of the workers. 

Further statutes provided for the appointment of 2,500 

labour inspectors . These labour inspectors, however, did not 

have the power to prohibit production or withdraw workmen if 

danger existed. 

In 1947 the workmen's Compensation Insurance Law ensured 

payment to the families of those killed or injured in accidents. 

The large increase in coal production to meet the post-war 

demand brought about an increase in the number of accidents. 

Several large-scale firedamp explosion occurred in 1948 and the 

accident rate was double the 1946 rate. With the modernisation 

of the mines, output increased, but so did the number of fatal 

accidents and there was an increase in the period of incapacity 

of the injured person. Unfortunately, there was also an increase 

in the number of firedamp explosions which, in some instances, 

spread to coal dust explosions. 

In the early 1960, s the number of accidents in the category 

of handling goods increased as the older miners succumbed to 

back injuries. In addition, more surface miners were transferred 

underground and there was a general indifference by mine owners 

to safety matters. 



192 

In 1963 a major explosion at a particular mine claimed the 

lives of 458 miners and several hundred other miners were 

affected by the carbon monoxide produced by the explosion. Prior 

to, the explosion there had been a long dispute at the mine in 

which the trade unions lost several rights to safety matters 

which had been approved before the dispute. The expenditure by 

the company on safety matters was reduced as well as the number 

of hours devoted to monthly safety education. 

The time spent at the safety committee meeting was reduced 

from 26 to 12 hours. In the years leading up to the dispute the 

number of fatal accidents had risen from 8 in the three years 

from 1957. In addition, it was claimed that the number of 

persons on stone-dusting and cleaning up accumulations of coal 

dust had been reduced from 12 down to 1. Following this 

explosion several more mines inspectors were appointed and the 

Minister of Commerce and Industry was empowered to investigate 

and recommend safety matters at each mine. 

There was an increase in the number of visits by inspectors to 

mines as well as further measures with regard to the safety 

standards on coal dust, in-rush of water and electric equipment. 

The appointment of a safety officer at all mines employing more 

than 500 persons was required as well as the provision of 

self-rescuers. Large amounts of finance were made available for 
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research and this was styled on the Safety in Mines Research 

Establishment. 

Parallel to those developments research money was made 

available in 1964 by the government for setting up the Japan 

Industrial Safety Association. Its aims were to promote 

voluntary accident prevention as well as the establishment of 

the Industrial Safety Institute and the Industrial Health 

Institute. As a basic five-year plan it aimed to reduce accident 

frequency by 30% and cut the number of fatalities by half. These 

targets were not achieved because the preventive measures were 

not enough. The JISA has sponsored such things as National 

Industrial Safety week and encouraged joint consultation. 

The main function of the Association has been to draw up safety 

rules for a particular industry. So far these rules have been 

set up in only a few industries and consultancy services have 

been received by not more than several hundred firms. Perhaps 

the Japanese culture has been responsible for this poor 

response. 

Until recently, many employees injured at work have failed to 

sue the employer for damages because for fear of causing him 

"great losses for their careless mistake". Unions too have been 

seen to be indifferent due to their lack of achievement in the 

pre-war and post-war years. They have often excluded safety 
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issues from their bargaining demands, regarding it as less 

important than wages and hours. 
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4.4.11 Accident Prevention Experience In Other Countries 

One problem which has been encountered by this research is 

the lack of information, either in the form of accident 

statistics or details of accident prevention from behind the 

Iron Curtain. In the ILO year book the only accident statistics 

given are those relating to Polish and Czechoslovakian mining 

experiences and the information given is somewhat inconclusive 

and unreliable. 

In 1976 the International labour Organisation held its Tenth 

Session of the Coal Mines Committee in Geneva. The two main 

areas of discussion at the conference were the training and 

retraining of coal miners, and safety and health in coal mines. 

A major issue before the conference was the period of increased 

coal production which had faced many countries in the wake of 

the oil price rise in 1973. This had resulted in huge increases 

in recruitment of labour which were often inexperienced in 

modern industrial practices, let alone in mining. Some countries 

had tried to solve the labour shortage by employing migrant 

workers who as an added disadvantage often had difficulty with 

the language of the country where they were employed. 
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4.4.12 Accident Prevention Experience In India 

Much of the accident prevention work in the India mining 

industry has mirrored the experience of the U. K. The inspection 

and regulation of mines commenced with the mines Act, 1901. Since 

then there has been the mines Act of 1923 and the current 

statute is the Mines Act, 1952 (Pfeifer, C. 1976) . 

This is supplemented by the Coal Mines Regulation, 1956 and 

other associated Mine Rules, the legislation being enforced by 

the Directorate Ceneral of Mines Safety. The functions of this 

organisation include the inspection of mines to check compliance 

with the statutory provision; the issuing of improvement notices 

and prohibition orders for the rapid remedy of unsatistactory 

conditions; the taking of penal action against persons 

reponsible for serious violations of safety laws. 

Complementary to the enforcement of statutes is the work of 

the National Council for Safety in Mines which promotes health 

and safety in mines. It also organises safety courses and 

campaigns to implant a safety consciousness amongst mineworkers. 

There is also a Central Mining Research station which is engaged 

in applied research into safety and health in mines together 

with the testing of mining equipment. Furthermore, the Research 



197 

Centre attempts to assess the technical needs of the industry 

and to devise ways of improving safety health and welfare. 

The Mines Vocational Training Rules, 1966 require training 

courses to be given in basic and refresher skills. A report by 

the Training Policy and Organisation Department of Coal India 

Ltd, (1979) showed that in some of the Industrial Training 

Institutes there was little emphasis on practical matters and 

many of the teaching staff had no experience of the mining 

industry. The potentially hazardous nature of mining demands a 

high standard of workmanship and practice which appears to be 

lacking in India. 

There would appear to be little formal training for 

supervisors or engineering. Although prevailing mining 

conditions are acceptable when compared with U. K. standards, the 

methods of mining appears to be haphazard and attributed to the 

inadequacies of training. As a result of recent training 

recommendations, it is anticipated there will be a reduction in 

the number of fatal and serious accidents with the 

implementation of these reports. 
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4.4.13 Accident Prevention Experience In I. R. Iran 

Iran, a developing country, has grown rapidly, particulary 

since 1970; industrialization was the major change over that 

period . Availability of capital, cheap labour, and sufficient 

resources as well as governemental policies to support 

industrial development (e. g. tax incentives, long-term loans 

with low rates of interest or no interest at all , etc. ) can be 

named as major factors contributing to the development of 

industry in Iran. 

The Manufacturing Industry, indeed, did not exist in Iran 

until 1930. The establishment of a railroad and a number of 

government factories was a significant starting step toward 

industrialization. The first government law provided for 

compensation of injured workers and was passed as a result of 

this movement. 

Since that time, the growth of industrialization was high enough 

to change the life style of the Iranian people and encourage 

large numbers of them to go to factories instead of working the 

land. As the factory system grew, the number of factory workers 

increased. Increased numbers of workers, along with other 

factors, resulted in more injuries and occupational accidents in 
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the work area. 

Therefore, the attention of the government was drawn to a 

new and important problem. Several policies and regulations for 

safety and accident prevention have been issued by the Iraninan 

government in the last two decades (e. g., work station safety 

committee , work station public hygienes and safety issue, 

etc.... ). 

All of these measures although related to safety and 

accident prevention have not resulted in a substantial decrease 

in occupational accidents. A survey by the Work and Social 

Affairs Ministry published in 1977 showed that within eight 

years (1968-1975) the compensation paid to workers due to 

disability increased from 4.8 million dollars in 1968 to 28 

million dollars in 1975 (a 589 percent increase). 

The compensation paid to workers from sickness periods due 

to time off work has increased from 7.1 million dollars to 36.5 

million dollars respectively in 1968 and 1975 ( i. e. , 519 

percent). The compensation paid to workers from deficiency of 

any part of the body due to work has increased from 1.2 million 

dollars in 1968 to 3 million in 1975 ( 247 percent). The above 

information shows that the rate of injury due to occupational 
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accidents is high, even when consideration is given to the rate 

of growth in manufacturing establishments over that period of 

time. 

This problem is the same as that encountered in all 

industrialized countries, as well as those countries that are in 

the process of industrialization. With all the effort spent on 

safety issues and regulations, the rate of occupational 

accidents is still going up. Unfortunately, most safety 

programmes in industrialized countries seem to be oriented 

toward the physical environment of the workers. This is of 

course, the most visible factor influencing job injuries. The 

less visible factor, the unsafe act, has not received the 

attention it warrants. 
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4.4.14 Accident Prevention Experience In Poland 

In recent years there have been several firedamp explosions 

which have claimed over one hundred lives. It has been accepted 

that demands for production have increased due to Poland's need 

for hard currency which can be gained by coal exports. 

Causes of a high accident rate are fatigue the Polish miner, due 

to the output quota system, works an equivalant of 35 shifts per 

month; poor maintenance and checking of machinery ( due to 

continuous production); neglect of basic safety precautions and 

the employment of persons without adequate safety training 

Czarnowski, P (1981) . 
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4.4.15 Accident Prevention Experience In The U. S. S. R. 

The only accidents statistics available refer to the period 

1971- 77. During this time the number of industrial injuries has 

dropped by 20% and industrial diseases by 25%, and the sums of 

money spent on protective clothing and personal protective 

equipment has also increased considerably. One problem 

highlighted is that of the large number of young people entering 

industry for the first time without having the experience and 

skills of safe working. 

Soviet Labour Legislation places the responsibility for training 

workers in accident prevention and safe working methods on the 

managements of undertakings. Semmenov, A (1978). This instruction 

is given in all undertakings and organisations irrespective of 

. the nature and degree of danger involved. 

The chief engineer is responsible for the overall 

organisation of training and individual departements ensure the 

approperiate instruction is given at the right time. The content 

of the training is given by general directives and depends on 

the particular working environment. Safety training of 10 days 

duration is given in mining where great stress is laid on 
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mastering the skills and habits of safe working. For inherently 

hazardous work, specially developed training schemes are given 

at techincal schools . Every firm employing more than one 

hunderd workers is required to have an industrial safety room 

for training purpose as well as being required to give 

instruction on safety matters to all categories of workers in 

accident prevention techinques and occupational health. 

Activities in the safety room have to be conducted according to 

the monthly a annual plans approved by the chief engineer in 

cooperation with the trade unions. The trade unions plays an 

active role in accident prevention. There are some 6,000 trade 

union labour inspectors who can order shut down of machines or 

closure of mines and even impose fines. 
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4.4.15.1 Areas For Improvement In Accident Statistics 

A close examination of our present activities in the 

accident statistics field reveals several areas where 

improvements might be introduced. According to Tarrant (1972) 

the following are areas for improvement: 

1. Validity and reliability of accident data 

Problem identification and gathering of decision-making 

information 

3. Improvement and expansion of data 

4. Application of scientific procedures 

The validity and reliability of accident data needs 

improvement. Statistics have been defined on a body of methods 

for making wise decisions in the face of uncertainty. The 

quality of the decisions made from them is dependent upon the 

quality of the information from which they are derived. 
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If all the facts are known, the decisions often suggest 

themselves. In the context of accident prevention application, 

wrong or inadequate information about accident causes leads to 

wrong decisions concerning what countermeasures to recommed. 

The quality of decisions is a direct funtion of the 

valididty, reliability, and comprehensiveness of the information 

upon which the decisions are based. Accident statistics will 

improve as (1) better data collection methods are developed, (2) 

population sampling techniques are improved, (3) more precise 

causal classification categories are established, and (4) the 

system for checking the validity and reliability of the reported 

accident information is improved. 

Additional problem identification and decision-making 

information along with instructions concerning its meaning and 

use need to be presented. Statistics serve in at least two 

capacities. First, they provide methods for organizing, 

summarizing and communicating data. Second, they provide methods 

for making inferences beyond the observations actually made to 

statements about large classes of potential observations. 

The data needs improvement and expansion. This point ties in 

closely with the presentation of additional decision-making 

information. In analysis work the techniques of inferential 

statistics need to be applied to put new meaning in the data 
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interpretation process. Data analysis is probably the weakest 

link in the accident statistics development system. It is 

important to keep in mind that statistical data has to be 

interpreted, it seldom, if ever "speak for themselves". 

Statistical data in the raw simply furnishes facts for someone 

to reason with. They can be extremely useful when carefully 

collected and critically interpreted. But unless handled with 

care, skill and, above all, objectivity; statistical data may 

seem to prove things that are not all all true. 

4.4.15.2 Establish A Workable Data Collection And Analysis 

Methodology 

Researchers generally recognize five states that recur in 

intelligent problem solving: 

Planning (including problem identification and analysis). 

The problem is defined and its parameters established in the 

planning stage. Planning involves clarifying objectives, 

establishing policies, selecting specific counter-measures, 

establishing procedures, mapping programs and campaigns, and 

setting up day-to-day operational schedulres. 
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It is essential that planning also includes establishing 

procedures for evaluating program effectiveness so that 

cause-and-effect determinations can be made. 

The preferred causal analysis technique involves 

experimental and control groups and the random assignment of 

a representative sample of individuals to each of these 

groups. This analytical model should be "but in" at the 

planning stage. Planning also includes the selection of at 

least one criterion of effectiveness and the prescription of 

appropriate methods of measurement. 

Observations. The data analyst observed what happens as the 

indepedent variable (the new program or countermeasure) is 

introduced to the experimental group and the depedent 

variable changes or remains stable over time. 

3. UýMothesis. In order to explain the facts observed 

conjectures are formulated into a hypothesis or tentative 

proposition expressing the relationship believed to have 

been detected in the data. 
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4. Prediction. Based on the hypothesis or theory, deductions 

are made concerning the consequence of the hypothesis 

formulated. This is where experience, knowledge, and 

perspicuity are important. Predictive reasoning can help 

lead to more basic problems as well as provide operational 

or testable implications of the original hypothesis. At this 

stage one anticipates or predicts what will be seen if 

certain observations not yet made, are made. 

What is important in this procedure for the safety program 

administrator is the overall fundamental idea of scientific 

problem solving as a controlled rational process of reflective 

inquiry. Data analysis methodology applied to accident control 

problems enables the safety program administrator to gain 

knowledge through the use of experiments as opposed to intuitive 

speculation and the application of trial-and-error prevention 

methods. 

The safety specialist who investigates an accident is, in 

effect, conductin ex-post-facto evaluations. He examines certain 

evidence and retrospectively studies the indepedent variables; 

in this case, the behavioral, equipment, and evironmental 

factors that he believes were causally related to the accident 

results. Most present-day safety program activities are based on 

similar after-the-fact appraisals of losses or crashes that have 

already occured. 
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4.4.15.3 The Need For A Better Understanding Of The 

occupational Health and Safety Field 

The final area'of improvement with regard to accident data 

is the need for a better understanding of the f ield withing 

whicn our results are applied. Statistics serve as a tool that 

can be used in attacking problems that arise in almost every 

field of empirical inquire. 

The statistical approach, though universal in its underlying 

ideas, must be tailored to fit the peculiarities of each 

concrete problem to which it is applied. It is dangerous to 

apply statistics in "cook-book style", using the same recipes 

over and over, without careful study of the ingredients of each 

new problem. Statistical methods may be highly interesting, but 

it is important to recognize that statistics cannot be used to 

full advantage in the absence of a good understanding of the 

subject to which they are applied. Successful statistical work 

depedends greatly on the knowledge about the subject matter. 

As a closing thought on data and data analysis, a quotation 

from an article on statistics by Hagendorn (1980): 
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People who really understand the figures, their virtues 

and their limiatations, are a small minority. The great 

majority, who do not understand the data, are divided into 

two classes. First there are those who have an exaggerated 

respect for published data. They assume that if only you put 

the right statistics together there will emerge from this 

compilation of facts the right answer to any given problem. 

The second group is composed of those who have an 

exaggerated suspicion of published data. In this view, since 

government officials frequently cite statistics In support 

of their partisan and questionable proposals, there must be 

something wrong with the statistics themselves ........... 

The truth lies somewhere In between. The figures 

published by the old line statistical agencies are generally 

prepared In an honest and competent manner. But, no matter 

how hones17 and competently the figures are prepared, it is 

a mistake to Imagine that government statistics are facts 

which speak for themselves. The speak clearly only to those 

who have taken the trouble to investigage the definitions on 

which they are based and the techniques used in preparing 

them. And they give answers to economic questions only when 

they are combined with a good measure of common sense, 

knowledge of non-statistical facts, and basic understanding 

of what makes our economy work. 
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To government and private sector statisticians, this means 

that they must not only produce the most valid and reliable data 

possible, but they must also follow standard procedures in 

compiling the figures, apply professional competency in the 

analysis of data, and, above all fully explain and be willing to 

defend their data development and analysis procedures. 

No one knows all the answers, all involved must realize 

that, when these principles are put into practice, safety 

professionals can feet confident that they are doing their part 

to provide the data base for management decision making that 

will keep the occupational health and safety movement alive, 

vigorous and successful. 
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CHAPTER FIVE 

5.0 THE NATURE OF HAZARD 

5.1 MODERN COAL MINING PRACTICE AND THE ACCIDENT HAZARD 

If anything is certain about coal mining, it is that it 

varies greatly from many years ago to now, coalfield and even 

collieries. The reason is the variability of the seams 

themselves and the conditions under which they are mined. 

Mining or geological conditions are the general terms that 

cover the following variables in the seam: thickness, quality, 

dirt bands, gradients, depths, hardness, friability, moisture 

content, liability to spontaneous combustion, rank of the coal 

and ash content. It also covers the nature of the associated 

upper and lower strata and the frequency of faults, intrusions, 

washouts, rolls and other geological variations. 

It is not suprising, then that there is a corresponding 

variety in working methods, systems and practices, and in the 

mining machinery and equipment used in the coal mining. 

It is pertinent to consider briefly what is meant by modern 

mining when the state of the technology varies widely across the 

coal mining scene, even within areas and in fact often within 
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individual collieries themselves. Current practice and 

technology in one mining area today may be out of data elsewhere 

and may catch up only af ter years or decades. Figure 5.1 has 

been produced to illustrate the changing pattern of mining 

techniques and technology, based on the longwall system of 

mining in the U. K over the last 50 years. 

Table 5.1 The Trend_in Mining Technology in the U. K. Over 50 
Years 

HAND WORK MACHINE MINING POWER LOADING 

Hand working -Coal cutting and- --Power loaders--- 
with tubs blasting (getting & filling 

Getting 
Hand filling -loading machines-- --panzer conveyers 

-conveyor belts and -Ripping & heading 
shakers machines 

hand dr Illing powe I 
dril ing 

-Timber propi & timber--Steel prýps & Chock type 
bar at the face steel bars-- PO supports 

SUPPORT with control 
Hydraulic props PO supp. systems 

Timber road supports --- Steel arches-steel arches & 
roof bolting 

Hand tramming --- Tubs ----------- Tubs and mine cars 
----- Locomotive ----------------------- 

Haulage ----- Pony and tubs ---- 
and ----- Rope haulage ------- Rope haulage with tubs and 

winding and tubs mine cars 
------- Steam winders ------------------------------ 

----------------- Electric winders ----- 

Daily written reports--Hourly reports--Computers --- 
--Recorders- 

Manageme At and collection 
aids Remote indication 
and and control 

informat on 
--------- Telephone ----- Telephone at all strategic I 

point 
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Table 5.2 CENERAL SUMMARY OF ACCIDENT FOR COAL MINES UK. 

GENERAL SUMMARY OF ACC. FOR COAL MINES 

NUMBER OF INCIDENCE RATES OF ACCIDENTS 

YEAR OUTPUT COAL PERSON MANSHIFTS N. OF N. OF TOTAL 
OF POWER EMPLOYED WORKED PERSON S. OR NUMBER 

MINERAL LOADED KILLED REP. OF 
ANNUAL- INJS. INJURIES 

HUNDRED LY 
MILLION TONS THOUSAND THOUSANDS 

-S 
1853L (1) (2) (3) (4) (5) (6) (7) 

1853 
53-62 71.5 - 259.5 1,012 

63-72 113.5 - 340.8 1,069 

73-82 152.2 - 503.4 1,129 

83-92 182.6 - 571.7 1,032 

93-02 215.8 - 732.4 1,015 
1903 
03-12 267.7 - 957.8 1,275 5,729 1544,293 

13-22 260.7 - 1,085.5 2,798 1,298 4,692 151,254 

23-32 252.1 - 1,019.5 2,545 1,064 4,197 170,056 

33-42 227.7 - 777.0 2,047 877 3,123 140,297 

43-52 201.2 5.5 732.3 1,843 538 2,293 198,381 

1947 191.9 4.8 728.8 1,797 618 2,446 162,554 

1955 217.1 23.1 733.0 1,782 425 1,538 217,305 

732.3 1,770 330 1,472 220,692 
1956 - 5< 36 - . - - - 

< 212.2 725.9 1,757 328 1,452 219,783 

1957 212.2 54.7 734.1 1,759 396 1,604 198,129 

1958 203.1 56.1 722.8 1,649 327 1,752 206,855 

1962 191.1 110.2 569.5 1,263 257 1,557 198,132 

1963 191.3 125.3 542.0 1,198 254 1,402 202,916 
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Cont, d 

(1) 

1964 187.9 135.3 515.6 1,130 198 1,329 197,851 

1965 181.1 140.9 484.6 1,047 216 1,159 206,235 

1966 168.8 139.8 444.7 969 160 1,061 185,199 

1967 165.8 144.4 418.3 904 151 982 165,790 

1968 157.5 143.2 365.8 791 115 851 140,200 

1969 147.6 326.4 699 100 712 117,783 

1970 137.9 304.4 642 91 641 90,391 

1971 137.9 297.7 642 72 641 77,176 

1972 111.3 289.7 530 64 519 59,110 

1973 122.0 270.1 554 80 553 65,039 

1974 100.2 256.7 486 48 497 49,642 

1975 117.9 259.2 542 64 586 54,071 

1976 110.7 254.5 524 50 535 50,778 

1977 107.5 252.6 521 40 501 49,315 

1978 108.1 248.1 502 63 494 46,836 

1979 108.3 243.5 504 46 473 40,848 

1980 113.0 242.6 506 42 512 36,758 

1981 111.1 232.4 484 35 815 31,115 

1982 106.9 220.5 460 38 865 25,013 

1983 102.5 206.3 424 30 824 19,446 

84/5 45.7 175.4 N/A 22 378 N/A 

85/6 88.2 154.6 333 27 715 14,716 
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Table 5.3 ACCIDENTS RATES PER THOUSAND PERSON 

YEAR FATA 

(8) 

1853-1862 3.90 

1863-1872 3.14 

1873-1882 2.24 

1883-1892 1.81 

1893-1902 1.39 

1903-1912 1.33 

1913-1922 1.20 

1923-1932 1.04 

1933-1942 1.13 

1943-1952 0.73 

1947 0.85 

1955 0.58 

0.45 
1956 0.45 

1957 0.54 

1958 0.45 

1962 0.45 

1963 0.47 

1964 0.38 

1965 0.45 

1966 0.36 

1967 0.36 

SERIOUS OR 
REPORTABLE 

INJURIES 
(9) 

5.5 

4.2 

4.1 

4.0 

3.1 

3.4 

2.1 

2.0 
2.0 

2.2 

2.4 

2.7 

2.6 

2.6 

2.4 

2.4 

2.4 

TOTAL- 
NUMBER OF 

INJURIES 
(10) 

148.1 

130.7 

166.8 

181.3 

270.9 

223.0 

296.5 

301.4 
302.8 

269.9 

288.6 

350.8 

377.6 

386.9 

428.9 

419.5 

399.2 
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Cont, d table 5.3 

COAL MINES NUMBER AND INCIDENCE RATES OF 
ACCIDENTS 68/86 ACCIDENT RATE PER 100,000 

MANSHIFT 

YEAR FATAL SERIOUS OR TOTAL 
REPORTABLE NUMBER 
INJURIES 

1968 0.14 1.22 178.73 

1969 0.14 1.16 170.05 

1970 0.14 1.14 141.94 

1971 0.11 1.11 121.03 

1972 0.12 1.10 112.13 

1973 0.14 1.14 120.31 

1974 0.10 1.12 102.18 

1975 0.12 1.20 100.23 

1976 0.10 1.12 96.45 

1977 0.08 1.04 94.64 

1978 0.13 1.11 93.34 

1979 0.09 1.03 81.04 

1980 0.08 1.09 72.62 

1981 0.07 1.75 64.26 

1982 0.08 1.96 54.39 

1983 0.07 2.01 45.34 

1984/5 N/A NIA N/A 

1985/6 0.08 2.23 44.19 

Note: N/A MEANS DATA NOT AVAILABLE 
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From 1853 to 1873 and from the beginning of 1922 the figures 

refer to Great Britain, while those for other years include 

Ireland. From 1853 to 1860, inclusive, figures relate to 

coal mines only. From 1861 to 1872 to coal and stratified 

ironstone mines, from 1873 to 1956 to mines of coal, oil 

shale, stratified ironstone and fireclay, and from 1956 to 

coal mines only. 

Including clerks and salaried persons at the mines. 

3- The figures up to and including 1952 are for reportable 

injuries, which include serious injuries and also lesser 

injuries as a result of dangerous occurrences. From 1952 the 

figures are for serious injuries only. 

4- For 1924 and subsequent years the figures relate to 

accidents involving absence for more than three days, while 

for previous years they relate to more than seven days 

absence. From 1958 the figures relate only to mines operated 

by the National Coal Board which employs about 99 percent of 

the total labour force engaged in coal mining. In 1957 the 

number of injuries at other coal mines was 949. 

5- Average 1908-1912. 
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6- The figures exclude the year 1921, which was affected by a 

prolonged dispute, and those in cols. (7) and (10)exclude the 

years 1915 to 1918 for which particulars are not available. 

7- The figures exclude the year 1926 which was affected by a 

prolonged dispute. 

8- From 1958, the tonnage represents saleable coal power 

loaded; for earlier years, the f igures are raised and 

weighed coal power loaded. 

9- From 1962, the figures exclude the production of certain 

licensed sites reclassified as opencast coal sites. 
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Table 5.4 

DEATH AND INJURY RATES PER 100,000 
MANSHIFTS WORKED AT COAL MINES 

SURFACE UNDERG. 
YEAR UNDERGROUND ALL AND 

CAUSES SURFACE 
ALL 
CAUSES 

(1) (2) (3) (4) (5) (6) -(7) (8) 
FALL OF HAULAGE EXPLO. SHAFT OTHER ALL 
GROUND ACC. ACC. ACC. CAUSES 

DEATHS RATES 

1913 0.27 0.11 0.19 0.04 0.06 0.67 0.30 0.60 

1938 0.26 0.12 0.06 0.01 0.05 0.50 0.15 0.41 

1947 0.18 0.08 0.13 0.01 0.04 0.44 0.07 0.34 

1958 0.12 0.07 - 0.01 0.03 0.23 0.09 0.20 

1964 0.09 0.08 0 0.01 0.02 0.20 0.08 0.17 

1965 0.10 0.05 0.04 0.01 0.04 0.25 0.08 0.20 

1966 0.08 0.09 0 0.01 0.02 0.20 0.06 0.17 

1967 0.08 0.06 - 0.01 0.04 0.19 0.11 0.16 

1968 0.07 0.06 - 0.01 0.04 0.18 0.05 0.14 

1970 0.06 0.09 - o 0.02 0.17 0.05 0.14 

1971 0.05 0.04 - 0.01 0.04 0.14 0.03 0.11 

1972 0.04 0.06 0.01 0.01 0.03 0.15 0.05 0.12 

1973 0.04 0.05 - 0.05 0.04 0.18 0.04 0.14 

1974 0.04 0.03 0 0.03 0.10 0.09 0.10 
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Table 
5.4 

SERIOUS REPORTABLE INJURY RATES 

(1) 

Cont, d 

1913 0.95 0.62 0.06 0.08 0.37 2.08 1.33 1.93 

1938 0.89 0.53 0.07 0.02 0.34 1.85 0.54 1.52 

1947 0.73 0.46 0.06 0.02 0.40 1.67 0.53 1.36 

1958 0.55 0.40 0.01 0.05 0.25 1.26 0.45 1.06 
- - o 0.01 0.23 0.24 0.03 0.19 

1964 0.61 0.45 0 0.01 0.31 1.38 0.53 1.18 

1965 0.52 0.44 0.01 0.02 0.33 1.32 0.47 1.11 

1966 0.54 0.42 0.01 0.01 0.36 1.34 0.39 1.09 

1967 0.48 0.45 0 0.01 0.36 1.30 0.44 1.09 

1968 0.42 0.47 0 0.02 0.38 1.29 0.44 1.08 

1970 0.36 0.46 - 0.01 0.37 1.20 0.46 1.00 

1971 0.31 0.39 - 0.01 0.50 1.21 0.42 1.00 

1972 0.33 0.47 - 0.02 0.33 1.15 0.49 0.98 

1973 0.30 0.43 0 0.04 0.43 1.20 0.43 1.00 

1974 0.22 0.50 - 0.02 0.42 1.16 0.62 1.02 
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Cont, d table 5.4 

COAL MINESi FATAL AND SERIOUS(REPORTABLE) ACCIDENTS 

(1) 

1975 0.36 0.541 0.01 0.03 0.49 0.51 1.20 

1976 0.26 0.52 - 0.03 0.454 0.72 1.12 

1977 0.30 0.49 - 0.01 0.44 0.48 1.04 

1978 0.29 0.50 0.01 0.01 0.44 0.68 1.11 

1979 0.23 0.38 0.03 0.02 0.43 0.84 1.03 

1980 0.28 0.47 - 0.02 0.49 0.57 1.09 

1981 0.44 0.69 - 0.02 0.81 1.11 1.75 

1982 0.46 0.68 - 0.04 1.09 0.96 1.96 

1983 0.61 0.72 - 0.02 0.86 1.35 2.01 

84/85 NIA N/A - NIA N/A N/A N/A 

85/86 0.49 0.60 - 0.03 1.17 1.76 2.23 

For 1913, the figures relate to mines of coal, stratified 

ironstone, oil shale and fireclay; for 1938 and 1947 to 

mines of coal, oil shale and fireclay; and from 1958 to coal 

mines only. The effect of these changes is very slight. The 

rates for underground and surface accidents are based upon 

the total number of manshifts worked underground and above 

ground, respectively, including estimates of manshift 

worked by clarks and salaried persons employed at the mines. 
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2- The f igures up to and including 1947 are for reportable 

injuries which include serious injuries and also lesser 

injuries as a result of dangerous occurrence. From 1958 the 

figures are for serious injuries only( but lesser injuries 

are also shown in italic for 1958). 

3- Relating to injuries involving absence for more than seven 

days in 1913 and for more than three days in subsequent 

years. For 1958 and subsequently the figures relate only to 

mines operated by the National Coal Board which employes 

about 99 percent of the total labour force engaged in coal 

mining. 

Table 5.5 gives a further historical picture of the accident 

position based on rates per 100,000 manshifts broken down by 

cause and includes the statistics for minor accidents. Over the 

period 1958 to 1974 the total accident rate fell from 125.66 to 

102.18 a drop of some 18.8 percent, yet the last rate is worse 

than that of 1947. It is evident that the total accident rate 

has fluctuated although there has been a downward trend over the 

last five years. 

The table clearly shows a marked improvement in the fatality 

rate and a rather steady rate showing no particular trend for 

serious accidents. An analysis of fatal and serious accident 

rates in to the various causes shows a reduction of 
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approximately 50 percent in fall of ground, a marked reduction 

in haulage and a no-change situation in total underground. This 

gives a final fatal and serious injury rate of 1.02, or 25 

percent better than figure for 1947. There are anomalies in the 

pattern and obviously some classes of accident have not 

improved. The longer-term general trend for serious and fatal 

accidents is downwards although the rate has been fairly static 

over the last five years. 

Recent improvements have been in the fatalities rate and the 

minor injuries rate. 

It is significant that the rate of fatal and serious 

accidents can show one trend and the total injury rate another. 

All data are useful in a diagnosis but it is generally accepted 

that the fatal and serious accident rate reflects most closely 

the extent of a particular hazard and the steps taken to combat 

it. Minor accidents causing incapacity for three days or more 

are subject to other influences not directly connected with 

safety. The accidents that safety trends are measured on are thus 

only about 10 percent of all accidents for which compensation is 

paid. 
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Accidents 

During the year 1966 38 person were killed and 99 seriously 

injured compared with 23 killed and 90 seriously injured in 

1967. The figures, which illustrated in figure 5.3 , represent 

an overall increase of 21 percent in reportable accidents and 

the number of fatal accidents is the highest recorded since 

1964. Figure shows the accidents rate per 100,000 manshift and i 

must point out the persistently rising trends which are shown in 

these graphs. Indeed, the total accident rate has now approached 

that of coal mines where the environment is much more hazardous. 

In 1967, nine accidents, only one of which was 

fatal, resulted from falls of ground and it appeared that some 

improvement was made. However with 17 accidents in the haulage 

and transport classification showed an increase of four compared 

with 1967 the number of fatalities rose from 10 to 22. 

Many accidents resulted from a failure in 

communication. Instructions to carry out specify tasks are 

frequently given in an indefinite from so leaving the individual 

free to take a line 6f action which not directly opposed to 

instruction, can be hazardous. The possibility of human error 
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is always present but can be minimised by clear instructions 

from officials supported by sound basic training and an 

appreciation of the principle of good practice which are the 

basis of existing legislation. 
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Table 5.5 Causes of Fatal Accidents and Reportable or Serious 
Iniuries at Coal Mines 

CLASSIFICATION NUMBER OF FATAL NUMBER OF PERSONS 
OF REPORTABLY OR SERIOUSLY 

ACCIDENTS ACCIDENTS INJURED 

TOTAL 19 7 64 65 1 66 67 68 47 64 65 66 67 1 68 

TOTAL FALL 232 79 79 60 52 41 1 955 521 410 387 3251 249 
OF GROUND 

2- HAULAGE & 11 2 2 3 3 1 10 6 7 10 7 9 
TRANSPORT 

1 1 1 

3-MECHANICAL 73 31 28 38 24 19 348 190 182 158 169 140 
HAULAGE 

1 

4- GRAVITY 
HAULAGE 17 9 41 51 1 4 144 66 50 

1 

33 35 33 

5- CONVEYERS 
& MACHINERY 8 23 10 21 12 9 95 128 106 103 93 96 
& OTHER 

6- TOTAL 
HAULAGE & 109 65 44 67 40 33 597 390 345 304 304 278 
TRANSPORT 
(2 TO 5 

7- TOTAL 
MACHINERY 12 6 18 

11 

8 9 

147 

78 

1 

82 64 71 80 

8-TOTAL MAIN 
MISCELLAN- 17 12 23 6 13 16 122 206 224 211 203 191 
EOUS CAUSES 
INCLUDE#7 

9-TOTAL OTHER 
MISCELLAN- 221 19 48 11 21 15 509 68 59 63 48 43 
EOUS CAUSES 

10- TOTAL 
MISCELLAN- 
OUS (7,8,9) 238 31 71 17 34 31 631 274 283 274 251 234 

11-TOTAL AL 
UNDERGROUND 
ACCIDENTS 

(I To 10) 579 175 194 144 126 105 2183 1185 1038 965 880 761 
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Table 5.5 CONTID 

CAUSES OF FATAL ACCIDENTS AND REPORATBLE OR 
SERIOUS INJURES AT COAL MINES 

CLASSIFICATION NUMBER OF FATAL NUMBER OF PERSONS 
OF ACCIDENTS REPORTABLY OR SERIOUSLY 

ACCIDENTS INJURED 

TOTAL 
A 72 73 74 1 75 76 77 72 73 74 75 76 77- 

TOTAL FALL 17 18 13 8 14 6 127 122 80 136 89 110 
OF GROUND 

TOTAL 
TRANSPORT 25 19 11 22 

1 

15 

1 

18 187 177 184 196 187 171 

TOTAL 
MACHINERY 3 3 6 6 6 3 33 1 51 36 39 39 33 

TOTAL 
MISCELLAN- 9 13 6 15 5 5 97 124 110 146 124 129 
EOUS 
ACCIDENT 

TOTAL ALL 
UNDERGROUND 57 74 37 55 45 34 450 490 417 525 444 444 
ACCIDENT 
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Cont, d Table 5.5 

CAUSES OF FATAL ACCIDENTS AND REPORATBLE OR SERIOUS 
INJURES AT COAL MINES 1978/86 

CIASSI ION RCA T NNNYBEKS FATAL P WMA%%SWRIOUSLY 
I N S ACC D 

A 78 80 81 1 83 84/5 85/6 
I 
78 80 1 81 83 1 84/5 

I 
85/6 

TOTAL FALL 
OF GROUND 12 12 

- 
31 3 4 3 97 96 

1 

16 161 

1 

73 123 

TOTAL 
TRANSPORT 29 18 16 10 7 13 162 164 239 225 90 188 
ACCIDENT 

TOTAL 
MACHINERY 2 4 4 2 28 34 49 48 11 35 

TOTAL 
MISCELLAN- 
EOUS 3 2 4 3 4 3 136 148 244 227 134 250 
ACCIDENT 

TOTAL ALL 
I 

UNDERGROUN D 
ACCIDENT 

ý6 
39 26 25 18 22 427 445 697 697 321 622 
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Table 5.6 

I STATISTICS FOR U. K. COAL MINES 
I 

1947 48 49 50 51 52 53 

AVERAGE, COLLIER Y 
MANPOWER 

THOUSANDS) 703.9 716.5 712.5 690.8 692.6 709.7 711.5 

OUTPUT PER 
MANSHIFT 
(TONNES) 
FACE 2.97 3.02 3.14 3.24 3.30 3.26 3.25 
PRODUCTION ... -i - - - .... 
OVERALL 1.09 1.13 1.19 1.23 1.24 1.23 1.25 

DISPUTES 
TONNAGE LOST 1.7 1.0 1.4 1.0 1.0 1.7 1.1 
(MILLION TONNES 

ACCIDENTS PER 
100,000 
MANSHIFTS 
FATAL 0.34 0.25 0.25 0.28 0.27 0.23 0.21 
REPORTABLE 
INJURIES 1.36 1.29 1.31 1.17 1.10 1.17 1.10 

AVERAGE CASH 
EARNINGS PER 6.65 7.85 8.37 8.73 9.75 10.78 11.10 

WEEK, & 

NOTES TO ALL TABLES FROM THIS PAGE UNTIL NEXT 5 

- means zero ... means not applicable 
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CONT, D table 5.6 

I 
STATISTICS FOR U. K. COAL MINES 

I 

1954 55 56 57 58 59 60 

AVERAGE COLLIE -y 'i 
ý 

MANPOWER 701.8 698.7 697.4 703.8 692.7 658.2 602.1 
(THOUSAND 

OUTPUT PER 
MANSHIFT 
(TONNES) 
FACE 3.33 3.34 3.40 3.43 3.59 3.81 4.04 
PRODUCTION - *i 
OVERALL 1.26 1.25 1.26 1.26 1.30 1.37 1.42 

DISPUTES 
TONNAGE LOST 

(MILLION TONNES 1.5 3.3 2.1 1.8 1.5 1.0 1.6 

ACCIDENTS PER 
100,000 
MANSHIFTS 
FATAL 0.21 0.24 0.19 0.22 0.19 0.23 0.22 
REPORTABLE 1.06 1.08 1.03 1.10 1.24 1.36 1.12 
INJURES 

AVERAGE CASH 
EARNINGS PER 
WEEK 11.75 12.46 13.55 14.52 14.21 14.19 14.70 
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Cont, d Table 5.6 

I STATISTICS FOR U. K. COAL MINES 
I 

1961 62 63-4 64-5 65-6 66-7 67-8 

AVERAGE COLLIE 
MANPOWER 

(THOUSAND 570.5 550.9 517.0 491.0 455.7 419.4 391.9 

OUTPUT PER 
MANSHIFT 
(TONNES) 
FACE 4.24 4.62 5.03 5.26 5.57 5.78 6.06 
PRODUCTION i, 
OVERALL 1.47 1.59 1.70 1.77 1.83 1.86 1.98 

DISPUTES 
TONNAGE LOST 

(MILLION TONNES 2.1 1.1 1.4 1.3 1.2 1.7 0.4 

ACCIDENTS PER 
100,000 
MANSHIFTS 
FATAL 0.18 0.20 0.21 0.16 0.22 0.15 0.15 
REPORTABLE 1.11 1.22 1.14 1.16 1.16 1.07 1.13 
INJURES 

AVERAGE CASH 
EARNINGS PER 
WEEK 15.60 16.22 17.20 17.97 19.14 20.15 21.13 
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CONT, D Table 5.6 

I STATISTICS FOR U. K. COAL MINES 
I 

1968-9 69-70 70-1 71-2 72-3 73-4 74-5 

AVERAGE COLLIE 
MANPOWER 

(THOUSAND 336.3 305.1 287.2 281.5 268.0 252.0 246.0 

OUTPUT PER 
MANSHIFT 
(TONNES) 
FACE 6.73 7.00 7.30 7.05 7.56 7.30 7.89 
PRODUCTION *i - *i *i 
OVERALL 2.16 2.20 2.24 2.13 2.33 2.15 2.29 

DISPUTES 
TONNAGE LOST 

(MILLION TONNES 0.3 2.9 3.1 26.7 0.6 21.3 0.4 

ACCIDENTS PER 
100,000 
MANSHIFTS 
FATAL 0.15 0.12 0.15 0.10 0.13 0.12 0.10 
REPORTABLE 1.06 1.01 0.95 1.07 0.99 0.96 1.07 
INJURES 

AVERAGE CASH 

EARNINGS PER 
WEEK 22.37 23.82 27.07 30.93 35.67 37.53 57.52 
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CONT, D Table 5.6 

I STATISTICS FOR U. K. COAL MINES I 

1975-6 76-7 77-8 78-9 79-80 80-1 81-82 

AVERAGE COLLIE 
MANPOWER 

(THOUSAND 247.1 242.0 240.5 234.9 232.5 229.8 218.5 

OUTPUT PER 
MANSHIFT 
(TONNES) 
FACE 7.89 7.75 7.91 8.53 ... ... 
PRODUCTION ... *** '** ... 8.88 9.09 9.56 
OVERALL 2.28 2.21 2.19 2.24 2.31 2.32 2.40 

DISPUTES 
TONNAGE LOST 

(MILLION TONNES 0.5 1.1 0.8 1.5 0.9 1.5 1.1 

ACCIDENTS PER 
100,000 
MANSHIFTS 
FATAL 0.11 0.07 0.09 0.13 0.06 0.07 0.07 
REPORTABLE 1.01 0.98 1.00 0.93 0.87 1.16 1.69 
INJURES 

AVERAGE CASH 
EARNINGS PER 
WEEK 74.00 76.10 84.10 101.7 119.1 140.2 156.36 

NOTES : Changes in the definition of manpower, introduced in 

1954, slightly increased the figures of OMS-Changes in 

job definition below ground in 1958 caused a further 

increase in the figures of face OMS, but did not alter 

the overall figure. A new set of definitions of OMS was 

introduced in 1979 and the ratio previously described 

as face OMS ceased to be used. 
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From 1959 'minor' reportable injures were removed from this 

category and the figures are therefore lower than they would 

have been if they were strictly comparable to those for 1947 to 

1958. For instance, the total of reportable injures in 1959 was 

1,662 but on the previous definition it would have been 2,025. 

New regulations for reporting accidents applied to all 

industries from 1 January 1981 and had the effect of greatly 

increasing the figures. They affected the figures for the last 

quarter of 1980-1, - but did not have their full effect on the 

annual figure. 

5.1.1 Traditional Hazards 

Coal mining has long been regarded as a hazardous industry. 

There are hazards inherent in underground mining that 

individually and collectively are not found in other industries. 

5.1.2 The Problem Of Support 

Mining any mineral involves the withdrawal of natural 

support from upper strata and the insertion of artificial 
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supports their regular movement and withdrawal are the principle 

cause of falls of rock and mineral from the roof and sides of 

excavations at the live faces of work and fall of roof and side 

in the roadway throughout the mine, which are an ever-present 

hazard in any mine. 

Much progress has been made over the years, and there are 

now fewer accidents due to fall of ground if compare with 1970 

The notable landmarks in improvement have been the hydraulic 

prop, the steel arch support and later the power-operated 

hydraulic roof support of both frame type and chock type. 

Methods, systems and appliances for supporting the roof have 

been the major concern of mining engineers since mining began, 

and new developments are still forthcoming. 

In 1975 sophisticated devices had undoubtedly added to the 

safety of the face worker, but where systems of mining require 

advance heading or stable holes using other type of support, 

hazards exist at, and close to, the raw edges of ripping lips 

and in also the unsupported ares exposed before the chocks are 

moved over behind the mining machines- an are where men should 

not venture without temporary support. 

Fall of ground, then remain the principal hazard in 

coalmining, but it is a hazard kept in check by modern 

technology. U. K. coal mining fall of ground come second to 
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haulage and 

underground. 

transport as causes of serious accidents 

5.1.3 The Problem Of The Environment 

Apart from the problem of supporting the faces and 

excavations of the mine all the mining, transporting and other 

operation are carried out under strata of rock, either on faces 

or in galleries. 

The environment of the mine is far from natural. Ventilation 

is artificial, there is total darkness outside the artificially 

lit areas and there are a varying temperature and humidity, dust 

in the air and dust under foot, noise, gases of varying kinds 

that can ignite and explode if not diluted to low limits. 

Working heights are normally restricted, vary from place to 

place and tend to close up with pressure and time. 

There are substantial risks, unless precautions are taken, of 

fires and explosions and industrial diseases. Men operate in 

small teams, often remote from each other and for most of their 

underground time under supervision. Their working places are 

reported as safe only at the time of the official safety 

inspections. These environmental factors will now be considered 

in more detail. 
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5.1.4 Temperature 

Mining temperature vary underground for different reasons. 

Deep mines are hotter , owing to strata depth and geothermic 

gradient. The ventilating air is heated by compression, by 

contact with the warmer strata and by the frictional heat from 

machines. Dry bulb temperatures can vary in the shallower 

mines from under 21 oc to over 35 c in some of hottest mines. 

The relative humidity in the atmosphere depends on moisture 

and temperature and the tendency is for humidity to increase 

with the widespread use of water in dry mines. "Wet" mines have 

the problem of natural water to start with. Whilst the 

artificial cooling of air has not yet been necessary in cool 

mines , steps are now being taken to employe "dehumidifiers" in 

certain places where humidity is unduly high. 

In most coal mines, temperatures are normally reasonably 

comfortable, and the work rate is easily maintained. Vary hot 

mines create conditions where high output rates are not possible 

and heavy sweating is unavoidable. Hot mines generally have a 

tendency to create conditions conductive to higher absenteeism, 

and higher accident rates. For these reasons, close attention 

must be given to the quality, velocity and humidity of the 
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ventilation air steams. These considerations must be of constant 

concern in hot mines if the highest standard of comfort is to be 

ensured in the working places. 

5.1.5 Illumination 

Except in stable ares used for a considerable period, where 

permanent illumination is provided, the normal illumination is 

provided by portable electric lamps carried or worn by the 

workers. This is a tremendous handicap in any job, for vision is 

limited to the light beam of a small lamp. Undoubtedly, the 

modern lamps are much better than earlier types and most can be 

worn on the head with the battery attached to the body. However, 

they are a handicap to free and full movement, and this can be a 

danger in restricted areas where there is a risk of entanglement 

with machinery. 

The lighting of the working faces has been tried but the 

practice appears to be gaining ground now. About 20 longwall 

faces in the U. K. are equipped with lighting included in the 

structure of the roof supports. Mobile machine such as 

underground locomotives and certain transport and loading 

machines are normally fitted with lights. These serve more to 

indicate their preseuce than to help their performance. 
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Although permanent lighting is becoming more and more 

general and is now sometimes found right up to the coal face- 

many miles of the roadway transport system work in total 

darkness and many miles of roadways and faces have to be 

travelled and worked by men having only portable illumination. 

5.1.6 Dust 

All operation in the cycle of coal or stone production, 

including breaking, loading and transporting, create dust. The 

major dust producer is the getting machine but explosive are not 

inconsiderable source where employed. Despite the money and 

research put in to methods of reducing dust, it is still 

necessary to use water to keep dust levels to prescribed and 

acceptable limits. When dry, the dust can readily become 

airborne again in high air velocities such as are found at 

transfer points and loading stations. As a consequence the mine 

atmosphere is dust-charged to a greater or lesser degree 

depending upon the area of the mine and the operation being 

performed. 

Deposited coal dust is dangerous as a possible element in 

explosions, and mining regulations require the application of 

stone dust to render the coal dust harmless as an agent in 
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explosions. However, this means adding more dust to an already 

dusty situation. 

Filters and suppressant slates had tried and are still 

attracting much attention in -the field of research. There are 

many reasons for reducing the dust in a mine, including the 

health of the worker, who must breathe it daily, and the 

reliability of the plant which suffers greater wear and tear and 

requires more work on its maintenance in dusty conditions. A 

dusty atmosphere is unnatural for men and machine and contained 

pressure must be exerted on this despoiler of the mine 

atmosphere. As machine become larger and faster the dust 

production per unit of time will tend to increase unless more 

effective techniques of suppression are applied at the source. 

5.1.7 Cases 

The gases that find their way into the mine ventilation 

stream either are dangerous to health in more than minute 

quantities or carry a risk of fires and explosions. 

Methane is the major danger in coalmining and is given off 

by the coal and surrounding strata, on exposure of the mineral 

and more rapidly on its breakage. The risk is that, with 

defective ventilation, it may reach an explosive concentration, 
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or layer in pockets. In these circumstances all that is required 

for an explosion is a source of ignition. Low limits are 

normally set in mining legislation for the methane content in 

the air of mines. Precautions are taken in the design of 

machines to make them either flameproof or intrinsically safe so 

as to be incapable of spreading an explosion from within the 

machine or of producing a sufficiently powerful spark to ignite 

the gas. 

5.1.8 Ventilation 

As indicated earlier, mine ventilation is artificial, and is 

necessary for the life of the workers, for cooling the mines, 

and for diluting and removing the noxious and inflammable gases 

and dust. 

Ventilation must be effective and adequate in all sections 

of -a mine. Any mismanagement or short circuiting or failure of 

the ventilation stream is a grave event that can quickly put 

many persons in considerable danger. The role of the ventilating 

stream can be critical if there is a fire underground. most 

often it fans the fire artificially and causes the noxious 

products to be spread throughout the mine. 
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5.1.9 Transport 

The transporting of the mineral to the surface can hardly be 

considered by non-mining standards' a normal operation. The 

mineral has to be transported from its production source through 

galleries, often of considerable length, to the shaft or drift 

outlet by the most effective and efficient system for the 

particular conditions of the mine. Roadways are not always 

level, they often have switchback gradients, and the physical 

dimensions are limited. The system has to work in the 

constraints of darkness and limited. Clearance over long 

distance where it is rarely under observation. 

- The transport system thus has many hazards. The shaft or 

drift outlet'is the final hurdle for men, mineral and materials. 

The worker and the material for supports and for the 

continuation of operations have to travel in the opposite 

direction from the mineral and usually require different 

transport systems. Large items of plant and heavy supports 

present special problems and the increase in technology has 

brought in its wake an increase' in the size of the equipment to 

be tr ansported. 
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5.1.10 Machinery 

While all plant in use in a mine should be, and normally is, 

designed for use in mines, coal-face machinery is designed to 

particularly narrow limits of clearance and general size. 

Consequently, high horse power are designed into small volumes, 

which gives rise to a range of heat, maintenance, clearance, and 

general movement problems, not experienced by normal industry 

and peculiar to underground mining conditions . 

5.1.11 New Hazards 

Changes in technology either increase or decrease most 

hazards, and so call for changes in training and in legislation. 

Changes introduced for reasons of greater output or productivity 

may well increase existing hazards unless additional precautions 

are taken. Example are the general increase in the speed of 

manriders , locomotives , conveyers and face loading machines. 

Thereý is also a rise in the power of face and ancillary 

equipment. 

There is more danger from sparking and heating. There are 

greater quantities of methane and dust. There are tighter 

clearance and there are narrower margins of error permissible in 

human judgement. Increase in machine power involve increase in 

the capacity of electric power circuits and bring increase risks 
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of overloading and of the breakage of ropes and chines. Above 

all, if operators accidentally make contact with their machine, 

the consequences are much worse. 

The experience of the coalmining industry is now so 

extensive that new hazards do not appear possible. All the 

mining hazards have been discussed already. New types of 

experience and new types of accident will emerge in the future 

to reveal new aspects of old hazards. Conditions that were 

formerly just accepted as part of the coalmining environment now 

begin to assume the importance of new hazards. Modern methods of 

producing coal obviously call for modern methods of combating 

the hazards of coalmining. 

A good example of this change of emphasis is the problem of 

noise. It is now clear, both inside and outside the mining 

industry, that excessive exposure to high noise levels, for long 

periods, can lead to loss of hearing. A high noise level can 

also lead to loss of concentration and of judgement and to 

general frustration. 

As a result of the widespread new attitude to this subject, 

surveys are now in hand in several of the coal-producing 

industry to establish tolerable noise levels and also to 

pinpoint sources of excessive noise. 

6 
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5.2 The Accident Pattern 

Over the years, despite the changes in technology there has 

been little change in the pattern of hazards. 

5.2.1 Fall of Roof and Sides 

Recent technology has enabled greater control to be gained 

over this risk, as the following figures show. It has already 

been mentioned' that falls of ground now come second in the list 

of causes of serious accidents in U. K. 

Despite the large installation of power-operated supports, 

heavy falls and serious accidents still occur in the area in 

advance" of the supports, that is the prop-free or unsupported 

areas. Moreover, although the are over the supports is now 

normally safer and given better support than it was, falls do 

occur in exceptional conditions. The waste edge area is now 

practically eliminated as a danger source where power supports 

and caving techniques are adopted, but, in spite of all this 

progress, falls at the face, roadheads and advance headings are 

still the major cause of serious accidents. 
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5.2.2 HAULAGE AND TRANSPORT 

The next most important group in the accident pattern 

comprises the underground haulage of men, mineral and material 

by all types of transport. As mentioned earlier, this is a 

hazardous field involving machines and systems of a wide 

variety. System are becoming more extensive, speeds greater, 

clearance narrower, loads heavier and trackless vehicles more 

numerous. 

5.2.3 MISCELLANEOUS ACCIDENTS 

These comprise all the other accidents listed under the 

heading of electricity, explosives, fires and shafts. Here the 

statistics are less stable on a year-by- year basis and the 

classification are less stable on a year-by-year basis and the 

classification varies from one country to another. This makes it 

difficult to -provide any accurate comparison-they still from a 

sizable field of ac ci dents, however, and generally make up the 

third major hazard. 
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5.2.4 HANDLING 

The fourth group covers accidents associated with handling 

tool and materials and stumbling, falling and slipping. Here the 

human element is more closely involved in the cause of the 

accident. During the periods 1981-85 the percentage of total 

underground accidents attributed to this cause in the U. K. were 

1981 28.0% 

1982 23.4% 

1983 25.1% 

1984 19.0% 

1985 26.0% 

5.2.5 MACHINERY 

The fifth underground group is machinery, which accounts for 

the remainder of serious underground accidents. This can be 

subdivided in to contact with moving machinery and other causes. 

Most accidents in this group occur at the coal face, where there 

is the greatest concentration of machinery in a relatively small 

area of the mine with a heavy concentration of manpower. 
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5.3 MAIN CAUSES OF ACCIDENTS 

Statistics, however detailed, normally indicted only the 

place where the accident occurred and give only a limited clue 

to the reasons. It requires further research in to accident 

reports to reveals the basic cause. Consideration is now being 

given, however, to a more careful analysis of fatal and serious 

mine accident reports in order to provides a reasoned cause. The 

matter will be discussed in greater detail further on . 

5.3.1 FAII-S OF GROUND 

Traditionally a distinction ý has always been made between 

accidents caused by falls at the face and those caused by falls 

in the roadways. This. distinguishes between the high-risk areas 

continually moving supports and the lower-risk areas where the 

strata are more settled .A further distinctions has always been 

made between falls of roof and falls of side. In addition there 

has been some attempt at geographical classification in to 

waste, roadhead etc. This has essentially been an attempt to 

focus the attention on the actual number of accidents in 

particular areas of danger. 
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The distinction between roof and side falls appears to have 

less importance than formerly although it still persists. Some 

major causes of accidents are described below in various 

sub-groups. 

5.3.2 FALIS AT THE FACE 

Accidents still occur in the prop-free face area. There are 

caused by incursicns of workmen in to the unsupported area ahead 

of the last support . This happens when machine adjustments are 

necessary or when spillage has to be cleaned up ahead of the 

conveyor. Temporary supports are required when such work is 

undertaken and accidents occur when these are not in fact set. 

Another cause of accidents is the contact of the operators with 

the powered supports when they are being moved or lowered. 

This clearly depends on the operator, his environment of cramped 

space and the system of operation. System of "adjacent support 

control" can be used that put the operators at a safe distance 

from the support being moved. - 

14 
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5.3.3 TRANSPORT 

This large group of accidents, associated with underground 

transport system, can be divided into the following sub-groups 

listed in order of importance. 

Rope haulage systems comprising direct and endless ropes, 

trackless system and mono-rails, for the transport of 

mineral, stone and supplies 

Locomotive haulage systems 

Roadway conveyor systems 

Manriding haulage systems 

Hand tramming 

Miscellaneous. 

5.3.4 ROPE HAULAGE SYSTEKS 

These system of haulage are perhaps the most out-of -data 

and varied and yet the most extensively used in operational 

mining practice today. An analysis of the circumstances of some 

typical accidents reveals that the main causes can be roughly 

divided into the following six group listed in order of 

frequency: 
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Bad tracklaying and insecure loads-causing 25 percent of 

transport accidents. 

2- Bad systems and practices. 

3- Dangerous coupling and uncoupling. 

4- Bad design and maintenance. 

Inadequate clearances. 

Other causes. 

While there has been a revolution in mining techniques, 

particulary in coal mining over the past 30 years, changes in 

underground transport systems have been brought about more by 

evolution. In the very early part of the century most 

underground transport operations involved self acting inclines, 

rope haulage, pony haulage and hand tramming. This was reflected 

in the legislation of that period in that Coal mines Acts 1911 

concentrated essentially on providing ready means of ingress to 

and egress from the workings with improved clearances. 

The belt conveyor was introduced underground in the late 

1920's and the first diesel locomotive at a safety lamp mine in 

1939. Although the 1911 Coal Mines Act was not replaced until 
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1954, two significant reports namely, the Report of the Royal 

Commission in 1938 and the post-war report of the technical 

Advisory Committee on Coal Mining(1945 Reid Report) spelt out 

certain fundamental remedies to improve the safety of 

underground mine transport. The report was particulary scathing 

in its criticism of existing haulage practice at the time. 

5.4 ACCIDENT EXPERIENCE 

In 1981, there were 35 fatal accidents in coal mines, the 

lowest ever recorded since records were first kept in the mid 

19th century. The fatal accidents rate at 0.07 per 100,000 man 

shift is the lowest of any of the coal producing countries in 

Europe or in U. S. A. or Canada. The previous table it shows the 

total number of accidents and the corresponding accident 

rates/100,000 man shifts since 1947, the year of 

national isation. Since 1968, it will be seen that underground 

transport has replaced falls of ground as the major cause of 

accidents. The new Notification of Accidents and Dangerous 

occurrences Regulations 1980 came into force on 1 January 1981, 

which broadened the category of notifiable major injury and in 

consequence increased the accident figures for 1981. The 

predominant classes of underground transport accidents have 

changed very little over the years and can be sub-divided as 

follows: 
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A- Runaways 

C- Derailment/Re-raling 

E- Insecure loads 

b- Holdfasts 

D- Clearances 

F- Signalling failure 

Every year some 25% of these accidents are the result of 

unauthorised manriding. Otherwise, accidents on belt conveyers 

occur at the ends of the conveyor- usually to maintenance men or 

conveyor attendants. 

Accident rate figures for underground transport which are 

published annually, show a virtual stalemente. Over the years 

the accident rate figures have been based on total manshifts 

worked underground, a fact which has often been the subject of 

criticism. However, an analysis of the accidents in 1981 and 82 

showed that 52% respectively involved persons not directly 

concerned with the operation of the system. The occupations of 

persons involved in the accidents is listed below: 
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Haulage workers 

Loco Drivers/Shunters 

Belt Maintenance 

Faceworkers 

Ceneral Workers 

officials 

Mechanics & 
Electricians 

77 

14 

10 

41 

4 

26 

23 

Development workers 19 

Rippers 7 

Trainees 3 

Bricklavers 1 

Sampler 

Linesman 1 

Platelayers 2 

Salvagemen 11 

240 

A breakdown by type of haulage showed that the greatest 

number 'of accidents occurred on endless under-rope haulage- in 

fact in 1982-of 'the 240 underground transport accidents 99 or 

41% were associated with endless rope materials haulages. This 

was followed by belt conveyers, diesel locomotive, and gravity 

haulage. 

It can be said that lack of discipline or the exercise of 

ordinary caution was the major cause and that human behaviour 

featured prominently in about half the accidents. Failure to use 

safety devices, was the cause of more than 1 in 10 accidents and 

among the more serious omissions were a reluctance to use refuge 

holes, stop facilities or runaway protection devices. 
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Inadequate supervision has been singled out, because in 

addition to being considered the primary cause of almost 9% of 

the accidents. It seems therefore that individuals are not very 

good at looking after their own safety. This is borne out 

annually by the fact that about 60% of accidents are associated 

with "failure to adopt recognised good practice", -and this in an 

industry which is very safety conscious and where the standard 

of, training received by new entrants is second to none. 

While the need to continue to motivate men to act safety, by 

the traditional methods of safety campaigns, competitions and 

teaching is essential, the next breakthrough in accident 

reduction is more likely to result from improved technology in 

underground transport. 
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5.5 Safety Appraisal of Existing Transport Systems 

I- Mineral transport 

This has reached a very high level of efficiency but despite 

considerable automation, accidents still occur. There are still 

far too many accidents involving transfer point attendants, 

often teenagers, who invariably get involved with drive or 

return belt rollers, when attempting to clean them, with guards 

removed and belts still running. Excessive use of water for dust 

suppression on the face can cause problems when the product is 

excessively wet and this soon reflects on the efficiency of belt 

cleaning equipment. 

Where belt conveying systems deliver to a central loading 

point underground for transfer to mine cars hauled by 

locomotives most of the hazards arise during shunting operations 

either at the pit bottom area or at the loading point, usually 

at low speeds. 

Underground belt conveying system present a continuous 

potential fire hazard and in 1982 of the 61 fires, 30 were on 

conveyers, 12 of which were the result of collapsed or defective 

rollers which ignited grease or coal dust in the vicinity. 
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Materials transport 

Although the transport of materials in mining is one of the 

most vital ancillary operations, it is fair to say that recently 

it was the most neglected. Once the coal transport system was 

fivorced from the supply routes, there was a distinct lowering 

of standards in maintenance of both track standards and 

clearances. Because of the difficult environment in which they 

operate they tend to become labour intensive and involve 

numerous individual haulage from the pit bottom to their 

destination at the supplies gate roadhead. 

In 1982,5 men killed and 94 sustained major injury on rope 

hauled supply systems, many as a result of being struck by the 

vehicles following derailments or holdfasts in circumstance 

where statutory clearances had been reduced by man-made 

obstructions. This physical contact with the train of vehicals 

must be eliminated if accidents of this type are to be reduced. 

With the changing nature of materials being used the present 

method of transporting supplies may well prove to be the 

'Achilles heel' in the total mining system, unless some very 

positive action is taken. 
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Man transport 

With the exception of the Bentley Colliery accidents in 1978 

when seven men were fatally injured, the transport of men in and 

out of the mine has fortunately accident free in terms of 

man-miles travelled. 

Regrettably there is accumulating evidence in the form of 

near miss situation, which indicates the need for improved 

standards. The potential danger when large numbers of men are 

transported together is obvious, but whereas in shafts, the 

procedure for protection of the system has been established over 

many years, and has been even further improved as a result of 

implementation of the recommendation made in the National 

Committee's Reports on Safe Manriding In Mines, following the 

public enquiry in to the winding accident at Markham Colliery, 

Derbyshire, it can not be said that the standards of protection 

are as stringent on underground manriding installation. 

Until 1975 authorised manriding belts had virtually been 

accident free but in recent years there has been a considerable 

increase in the number of installations on steeper gradients and 

at higher speeds, and this has been reflected in an increase in 

the number of accidents. 
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CHAPTER SIX 

6.0 HUMAN FACTORS 

6.1 INTRODUCTION 

The human race has come a long way from the days of 

primitive life to the present, with our tremendous array of 

products and facilities that have been made possible with 

current technology, including physical accoutrements and 

facilities that simply could not have been envisaged by our 

ancestors in their wildest dreams. In many civilizations of our 

present world, the majority of things people use are made by 

people. Even those engaged in activities close to nature - 

fishing, farming, camping - use many such devices. 

The current interest in human factors arises from the fact 

that technological developments have focussed attention on the 

need to consider human beings in such developments. Have you 

ever used a tool, devices, appliance, or machine and said to 

yourself "what a dumb way to design this, it is hard to use, and 

if only they had done this or that, then using it would be so 
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much easier"? If you have had such experience, you have already 

begun to think in terms of human factors; consideration in the 

design of things that people use. In a sense, the goal of human 

factors is to guide the applications of technology in the 

direction of benefitting humanity. 

6.2 FOCUS OF HUMAN FACTORS 

Human factors focus on human beings and their interaction 

with products, equipment, facilities, procedures, and 

environments used in work and every-day living. The emphasis is 

on human beings and how the design of things influences people. 

Human factors, then seeks to change the things people use and 

the environments in which they use these things to better match 

the capabilities, limitations, and needs of people. 

6.3 Objectives Of Human Factors 

Human factors have two major objectives. The first is to 

enhance the effectiveness and efficiency with which work and 

other activities are carried out. Included here would be such 

things as increased convenience of use, reduced errors, and 

increased productivity. The second objective is to enhance 
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certain desirable human values, including improved safety, 

reduced fatigue and stress, increased comfort, greater used 

acceptance, increased job satsifaction, and improved quality of 

life. 

It many seem like a tall order ot enhance all these varied 

objective, but according to Chapanis (1983) there are two things 

to help us; first only a subset of the objectives are generally 

of the highest importance in a specific application, and second, 

the objectives are usually correlated. For example, a machine or 

product that is the result of human factors technology is 

usually not only safer, but also is easier to use, results in 

less fatigue, and is more satisfying to the user. 

6.4 Approach Of Human Factors 

The approach of human factors is the systematic applications 

of relevant information about human capabilities, limitations, 

characteristics, behaviour, and motivation to the design of 

things and procedures people use and the environments in which 

they use them. This involves scientific investigations to 

discover relevant information about humans and their responsed 

to things, environments, etc. The human factors approach also 

involves the evaluation of the things we design to ensure that 
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they satisfy their intended objectives. 

definition of human factors which combines the essential 

elements of focus, objectives, and approahc discussed above, is 

according to Chapanis (1985) as follows: 

Human factors discovers and applies Informatalon about h 

behavior, abilities, limitations, and other characteristics 

to the desings of tools, machines, systems, tasks, jobs, and 

enviroments for productive, safe, comfortable, and effective 

human use. 

According to a survey done by McCormick (1985), all too 

often when people are asked what human factors is they respond 

by saying what It is not. The following are three things human 

factors Is not. 

Human factors is not lust applying checklists 

To be sure, human factors people develop and use 

checklists and guidelines, however, such aides are only part 

of the work of human factors. There is not a checklist of 

guideline in existence today that, If It were bl1ndl7 

applied, would ensure a good human factors product. 

Trade-offs, considerations of the specific application and 
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educated opinions are things that cannot be captured b7 a 

checklist or guideline but are all important In designing 

for human use. 

Human factors Is not usIng oneself as the model for 

desiganIng thlngs 

Just because a set of Instructions makes sense to an 

engineer, there Is no guarantee that others will understand 

them. Just because a designer can reach all the controls on 

a machine, that Is no guarantee that everyone else will be 

able to do - so. Human factors recognizes Individual 

differences and the need to consider the unique 

characteristics of user populations In designing things for 

their use. Simply being a human being does not make a person 

a qualified human factors specialist. 

Human factor Is not Just commom sense 

To some extent, use of common sense would Improve a 

design, but human factors Is more than just that knowing how 

large to make letters on a sign to be read at a specific 

distance, or selecting an audible warning that can be hears 

and distinguished from other alarms, is not determined b7 

simple common sense. 
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6.5 A History Of Hunkan Factors 

To understand human factors, it is important to know from 

where the discipline came. It is not possible, however, to 

present more than just a brief overview of the major human 

factors developments. 

6.5.1 Early History 

It could be said that human factors started when early 

humans first fashioned simple tools and utensils. The 

developments within the human factors field have been 

inextricably intertwined with development of technology and as 

such have had their beginnings in the industrial revolution of 

the late 1800s and early 1900s. It was during the early 1900s, 

for example, that Frank and Lillian Gilbreth began their work on 

motion study and shop management. The Cilbreths' work can be 

considered as one of the forerunners to what was later to be 

called human factors. 

Their work included the study of skilled performance and 

fatigue and the design of work stations and equipment for the 

handicapped. Their analysis of hospital surgical teams, for 

example, resulted in a procedure used today: a surgeon obtains 
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an instrument by calling for it and extending his or her hand to 

a nurse who places the instrument in the proper orientation. 

Prior to the Gilbreths' work, surgeons picked up their own 

instruments from a tray. The Gilbreths found that with the old 

technique surgeons psnt as much time looking for instruments as 

they did looking at the patient. 

Despite the early contributions by people such as the 

Cilbreths, the idea of adapting equipment and procedures to 

people was no exploited. The major emphasis of behavioral 

scientists was on the use of tests for selecting the proper 

people for jobs and on the development of improved training 

procedures. The focus was clearly on fitting the person to the 

job. During World War II, however, it became clear even with the 

best selection and training, the operation of some pieces of 

complex equipment still exceeded the capabilities of the people 

who has to operate it. It was time to reconsider fitting the 

equipment to the person. 

6.5.2 1945 To 1960; The Birth Of A Profession 

At the end of the War in 1945, engineering psychology 

laboratories were established by the U. S. Army and Navy. At 

about the same time, the first civilian company was formed to do 

engineering psychology contract work (Dunlop & Associates). 
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Parallel efforts were being undertaken in Britain, fostered by 

the Medical Research Council and the Department of Scientific 

and Industrial Research. 

It was during that period that the human factors profession 

was born. In 1949 the Ergonomics Research Society (now called 

the Ergonomics Society) was formed in Britain, and the first 

book on human factors was published, called Applied Experimental 

Psychology: 
-Human 

Factors In Engineerin by Chapanis, Carman and 

Morgan. During the next few year conferences were held, human 

factors publications appeared, , and additional human factors 

laboratories and consulting companies were established. In 1959 

the International Ergonomics Association was formed to link 

several human factors and ergonomics societies in various 

countries around the world. 

6.5.3 1965 To 1985: A Period Of Rapid Growth 

The 20 years between 1960 and 1980 saw rapid growth and 

expansion of human factors. Until the 1960s, human factors in 

the U. S. A. was essentially concentrated in the 

military-indus trial complex. With the race for space flight, 

human factors quickly became an important part of the space 

program. 
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During this period, human factors expanded beyond military 

and space applications. Human factors groups could be found in 

many companies according to Knowles (1986) including those 

dealing in pharmaceuticals, computers, automobiles, major 

industries. Industry began to recognize the importance and 

contribution of human factors to the design of both work places 

and products manufactured. 

Despite all the rapid growth and recognition within 

industry, human factors was still relatively unknown to the 

average person in 1985. Sanders, Bied and Curran (1986) 

conducted a survey of 564 members of the Human Factors Society 

in the U. S. A. to gather information regarding their work 

situations. 

Of those working In Industr7,28 percent worked In the 

aerospace Industr7,31 percent In the computer and software 

Industr7,18 percent in the communications Industr7, and 6 

percent In other consumer product Industries (18 percent 

worked In other industries). Among those working In 

business, 57 percent reported working for a general research 

and development business. The others reported various 

businesses Including health care, management consulting. 

A maJOrlt7 (57 percent) of the respondents reported 
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working for a "large" organization, yet 49 percent Indicated 

that their Immediate work group consisted of 10 or less 

people. For most of the respondents, the number of human 

factors people In their work group was small, some 24 

percent reported no other human factors people In their work 

group besides themselves, and 25 percent reported only one 

or two others besides themselves 

Since humanity has somehow survived for these many thousands 

of years without people specializing in human factors, one might 

wonder why - at the present stage of history - it has become 

desirable to have human factors experts who specialize in this 

matter. 

As indicated before, the objectives of human factors are not 

new; history is filled with evidence of efforts, both successful 

and unsuccessful, to create tools and equipment which 

satisfactorily serve human purpose and to control more 

adequately the environment within which people live and work. 

But during most of history, the development of tools and 

equipment has depended in large parts on the process of 

evolution, of trial and error. 

The increased rate of technological development of recent 
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decades has created the need to consider human factors early on 

in the design phase. Because of the complexity of many new and 

modified systems it is frequently impractical to make changes 

after they have actually been produced. 

central and fundamental concept in human factors is the 

system. Various authors have proposed different -definitions for 

the term; however a very simple one is by Bailey (1982): "A 

system is composed of humans, machines, and other things that 

work together to accomplish some goal which these same 

components could not product indepedently. " He then states 

further 

The concept of a system Implies that we recognize a 

purpose; we carefully analyze the purpose; we understand 

what Is required to achieve the purpose; we design the 

system's parts to accomplish the requirements; and we 

fashion a well coordinated system that effectively meets our 

purpose. 
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6.6 PERSONAL 

Almost every mishap can be traced ultimately to a personal 

error. It may not have been an error on the part of the person 

immediately involved in the mishp, but it may have been 

committed by a designer, a worker manufacturing the equipment, a 

maintenance worker, - or almost anyone other than the person 

present when the accident occurs. 

It is evident that if a human error apparantly caused an 

accident, other conditions must also have existed which 

contributed to its possibility. 

It often happens that the person involved is overwhelmed by 

failures due to causes beyond his or her' control, failure that 

could have been forestalled by incorporation of suitable 

measures in the design stage. In many instances, due 

consideration has not been given to human capabilities and 

limitations and to the factors that can and may affect a human 

being. 
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6.7 Human Error 

Operator errors and accidents occur because equipment is 

often badly designed; sometimes deficient for most operators. 

Statistics may show that the average person can reach so far, 

push so hard, and react so fast. However, there may be occasions 

when the worker's capabilities are less in some respect than 

those of the statistically synthesized person. 

Most people are right-handed and thus a left-handed person, of 

whom there are a substantial minority, may have trouble with 

controls designed for the right-handed person. Proper design is 

to make controls equally operable by persons using either hand. 

Industrial machines may be beautifully designed for very 

high-speed operations which could involve the operators in 

accidents. For safe operation, the machine must be fitted to the 

operator, or the operator will make errors. 

Modern safety practice therefore is to provide: 

equipment and procedures that will minimize the 

possibilities of errors by operators. 

2. designs that will eliminate or minimize the possibilities of 

accidents if an operator does make an error, 

and 

3. designs and safeguards that will prevent injury if an 

accident does occur. 
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Persons are not to be relied upon, especially to make an 

operation safe by a stipulated action, suitable safeguards must 

be designed into the system, operation, or product to control 

each hazard that cannot be eliminated. Human error can be 

defined as any personal action that is inconsistent with 

established behavioral patterns considered to be normal, People 

doing recurring tasks usually perform by ways that are the 

easiest to accomplish or are intensively trained until they 

become habits. 

After some time, especially after no adverse events have 

occured, people may become complacent and unthinking. Under 

stress, they frequently revert to established habit patters, 

even if the situation is wrong for the event. In many instances, 

habit pattersn may provide a correct method of accomplishment, 

but in others, these habits may lead ot errors. 

Errors can be divided into two categories: 

1. predictable and 

2. random 
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Predictable errors are those that experience has shown will 

occur under similar conditions. Random errors are 

non-predictable and cannot be attributed to any specific cause 

beforehand because of their uniqueness. 

There are fewer types -of random errors than there are 

predictable errors, and even this number is being reduces as 

experience increases. In any case, precautionary measures to 

minimize the effects that random errors can produce are 

generally the same as those for predictable errors. 

The one major difference is that general safeguards may be 

provided for all random errors, whereas a specific safeguard may 

be provided against a predictable error. 

An errror is generally due to: 

A Failure to perform a required function. A step is left out 

of a procedure, intentionally or inadvertently, or there is 

failure to complete the sequence of operations. 

Performing a function not required, including repeating a 

procedure or procedural step unnecessarily, adding 
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uncalled-for steps to a sequence or substituting an 

erroneous step. 

C Failure to recognize a hazardous condition requiring 

corrective action. 

D Inadequate response to an contingency 

E Wrong decision as a solution to a problem that arises 

F Poor timing, resulting in a response that is too late or too 

soon for a specific situation 
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W. G. Johnson (1973), writing in his text The ManaRement Risk 

Tree explains an excellent starting point for a discussion on 

human-error reduction. He stated that there are six error 

reduction concepts and a model for improving human performance 

(see Figure 6.1) 

Fip: ure 6.1 lmvroving human performance 
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Also Chapannis (1972) in his book New Approaches To Safety 

In IndustKy has stated the same thinking as expressed by Johnson 

(1973). 

1. Errors are an Inevitable (rate-measurable) concommitant 

of doing work or an7thlng 

2. Situations may be error-provocative - changing the 

situation will likely doe more than elocution or 

d1scipline 

3. Man7 error definitions are "forensic" (which Is 

debatable, Imprecise, and Ineffective) rather than 

precise 

4. Errors at one level mirror service deficlences at a 

higher level 

5. People mirror their bosses - if management problems are 
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solved Intultivel7, or If chance Is relied on for 

non-accident records, long term success Is unlIkel7 

6. Conventional methods of documenting organizational 

procedures seem to be somewhat error provocative 

Chappannis (1972) provides his excellent definition and 

interesting observations: 

1. man7 situations are error provocative 

2. Given a population of human beings with known 

characterIsItcs, it Is possible to design tools, 

appliances, and equipment that best match their 

capacities, limitations, and weaknesses. 

The Improvement in system performance that can be 

realized from the redesign of equipment is usuall7 

greater than the gains that can be realized from the 

selection and training of personel. 

4. For the purpose of man-machlne s7stems design there is 
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no essential difference between an error and an 

accident. The Important thing Is that both an error and 

an accident IdentIf7 a troublesome situation. 

5. The advantages of analyzing error-provocative 

situations are: 

a. It Is easier to collect data on errors and 

near-misses than on accidents, 

b. Errors occur much more frequentl7 than do 

accidents. This means, in short, that more data 

are available. 

C. If we accept that the essential differences 

between an error and an accident is largelv a 

matter of chance, It follows that an7 measures 

based on accident alone, such as a number of 

disabling Injuries, Injuries frequenc7 rates, 

Injur7 sever1t7 rates, number of first aid cases, 

and so on Is contaminated b7 a large proportion of 

pure error variabllit7. In statistical terms the 

rellabillt7 of an7 measure Is Inverse17 related to 

the amount of random or pure error, variance that 

contributes to it. 
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6. Design characteristics that Increase the probability of 

error Include a job, situation, or system which: 

a. violates operator expectations 

b. requires performances beyond what an operator can 

deliver 

C. Indue fatigue 

d. provides Inadequate facilities or information for 

the operator. 

Johnson' s model of error reduction (Figure 6.1) suggests 

that we can reduce human error by changing the situation. This 

change is accomplished by assistance from the outside (staff 

safety, line management, etc.... ) working within a corporate 

philosophy, and practice through study of the situation, and 

through participation of the individual worker. 
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Figure 6.2 

Nuberg's error spectrum. (From A. Nuberg. Reducing damage accidents. 

In J. Widener, Ed., Selected'Readings in Safety. Macon. Ga.: Academy fress, 1973. ) 

ERROR SPECrRUM 
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6.7.1 Error Outcomes 

Nuberg (1973). stated ::. hat an error spectrum (see Figure - 

6.2) and Bond (1968) in figure 6.3 Suggescs a rather 'detailed 

logic cree of possible ouccomes of evenc sequences. Human error 

here is indicated by "no response" or "inappropriate response" 
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Figure 6.3 

Possibk outcomes of event sequences. (From N. Bond. Aviation Psychology. Los 
Angeies: University of Southern Calýfornia Press. 1968. 
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6.7.2 Error Types And Causes 

A number of authors have discussed and attempted to classify 

types of human error. Rook (1963) as part of the technique for 

human error has suggested: 

Minimizing human errors In a s7stem can be 

accomplished: 1) proper selection and training of personnel 

for the specific behaviours Involved In the system and 2) 

redesigning the system so as to improve Inputs, simple 

mediation processes, and Insure accurate outputs. Careful 

classification of human errors will point to the specific 

action or remedy required to reduce future errors. 

6.7.3 Errors In The Worker-Machine System 

A number of investigations have been done in this context, 

and most put primary emphasis on an examination of the 

worker-machine interface and relationship. Typical is McFarland 

(1973), who developed the model shown in figure 6.4. 

McFarland looks at the relationship between worker and 

machine as a primary cuase of human error. On the other side of 
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this relationship, he describes a human being's sensory organs 

as receiving information from the machine's displays, then 

transmitting information to the central nervous system; then the 

worker's effect on manipulating the machine's control to perform 

the machine processes that take raw materials and convert then 

into some product or part. 

Figure 6.4 The interactinR components of a tyRi2al 

worker-machine system (From R. McFarland. 1973) 

Multiple Internal 
environmental environment influences 

Effectors 

Central Sensory 
nervous organs system 

t 

Worker 

Machine 

Displays 1( Machine processes 1( -A Controls 

Machine output Raw materials 
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A similar model is provided by Wood (1973) (see figure 6.5) 

who examines the human part of the worker-machine system in more 

details. In figure 6.5 he describes the human mind as consisting 

of four components: 

1. An input analyzer 

2. feelings and thoughts 

3. an analysis and decision-making process 

4. a behavior identifyer 

These four components of the human mind interact regularly with 

both external inputs and internal inputs as shown. 

6.7.3.1 Traditional controls 

H=an factors controls are relatively well known to safety 

professionals, but are little use. While human factors knowledge 

is of critical importance to safety people and safety is a 

primary reason behind human factors research, in actual practice 

in industry the two are not closely allied. There are few 
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industrial organizations that employ human factors specialists. 

Job enrichment is another traditional control that is 

grossly underused by safety professionals, although some aspects 

of it, namely job redesign and job-safety analysis, have been 

used. Job safety analysis is used only to identiy hazards, and 

then only for training purposes. Job redesign should be used to 

identigy and remove accident-producing situations or to improve 

and enrich jobs by building additional meaning. 

Safety is one area in which we can build job enrichment; 

employees who participate in safety decision making will not 

only reap the benefits of participative decision making, but 

will become infinitely better acquainted with the hazards of 

their job than any safety engineer could ever by. 

There is nothing more traditional and more used by safety 

professionals than inspection. Systems safety is much like human 

factors. The field of systems safety is filled with concepts and 

techniques. It is used by the average industrial safety 

professional, though most limited. Government and large 

industries use systems safety, but almost no one else does. May 

be it is too complex and expensive or perhaps they have not 

learned the techniques that would make it more usuable and 

applicable to the vast majority of safety programs. 
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Training is as traditional as inspection. It is used 

everywhere and for almost everything. Training, along with 

inspection, is used almost to the total exclusion of any other 

control available to the safety professional. 

6.8 Designing And Planning Errors 

The person who designs equipment or plans an operation may 

not only commit errors but may be guilty of omission in failing 

to incorporate desirable features as safeguards that would 

prevent accidents or protect personnel. When a designer or 

planner cannot eliminate a hazard or the possibility of an 

accident completely, he or she must attempt to minimize the 

possibilities that other personnel will commit errors generating 

mishaps. 

The word "error" in designing or planning includes more than a 

mistake. It also includes any design or plan that is technically 

practical but improper and inadequate for the foreseeable 

operating conditions. The fatigue that results may lead to 

errors. Other fatigue- producing designs are those that fail to 

eliminate glare, inadequate lighting, vibration or noise, under 

strength requirements for activation of controls, unusual 

positions in which to operate, or proximity of hot surface. A 

person who must work close to hear-radiating equipment in a 
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humid environment may perspire so much that his or her 

efficiency is badly affected. 

If too close to the hot equipment, the person must be on guard 

constantly to avoid being burned. This tension reduces 

efficiency because of the psychological stress imposed. 

The chemical industry probably became the first industry to 

recognize some of the ideas developed by systems safety 

engineers of the military service. The chemical industry, 

because of its high degree of automatic control and low number 

of operating personnel, came to realize that many of its 

problems were due to faulty equipment design and manufacture. 

This lack of knowledge of accident prevention methods by 

designers must be compensated for by safety engineers. Safety 

engineers must guide designers when equipment and facilities are 

being designed and to review and make certain that they are safe 

before operations are begun. Safety engineers must therefore be 

technically competent in the industrial field in which they are 

practicing and, in addition, must be knowledgeable in methods of 

analyzing designs for potential hazards and able to recommend 

methods of hazard elimination or control. 
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6.9 Maintenance And Repair Errors 

Failure to lubricate moving devices or to replace parts when 

scheduled or when they show signs of deterioration are examples 

of these types of errors. 

Maintenance and repair errors sometimes involve the same 

mistakes that occur during manufacture and those that occur 

during operation. In effect, maintenance and repair personnel 

are often subjected to greater hazards than manufacturing 

personnel or operators. A maintenance person may have to weld a 

piece of equipment caked with dirt that was no present during 

manufacture. The welding operator may cause the caked material 

to ignite or explode. Their own errors can involve maintenance 

and repair personnel in injurious accidents. Personnel who work 

on high-voltage electrical equipment or lines without first 

de-engineering them have been electrocuted. 

6.10 Operation Errors 

Procedural and control errors can occur during operation of 

a system. Procedural mistakes during normal operations can 

generate abnormal situations that lead to accidents. An operator 

can activate a circuit by inadvertently failing to close a valve 

or to shut off a pump, or forget to set the brakes when parking 

a vehicle on an incline. 
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Procedural errors are especially critical during 

contingencies when an emergency already exists. Personnel are 

extremely susceptible to committing errors at such times because 

they are almost always in a state of shock. The disruptive 

effect of such shocks will depend on the person's training, 

reflexes and temperament. The ability to make decisions is 

generally impaired, no matter how calm the person may appear to 

be. At such times there is an increased propensity for making 

errors. 

Control errors can occur because a procedure is not carried 

out in the stipulated sequence of indications are read 

incorrectly; adjustments can be inaccurate; a wrong push-button 

can be punched in performance of a prescribed procedure; control 

can be lost due to excessive speed. There can be an excessive 

delay in operating controls, or the operator can over-control a 

piece of equipment. 

6.11 Two-Man Concept 

To minimize the possibility of human error in accomplishing 

any procedure involving a nuclear device, the Department of 

Defense in the U. S. A. has developed the "two-man concept". Two 

or more persons, each capable of undertaking the prescribed task 

and of detecting that incorrect or unauthorized procedures have 
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been employed, are involved. One persons accomplishes a step in 

a procedure and the other checks the first person's actions to 

make sure the step has been accomplished correctly. 

The possibility of error is thereby reduced. It is not necessary 

that both persons have "equal" knowledge; it is only necessary 

that each has the capability of detecting and ensuring that the 

action of the other has been correct and authorized. Similar 

arrangements are used in industrial plants where critical 

assemblies take place, such as setting up very high-voltage 

equipment for testing in a laboratory. The two-man concept 

differs from the buddy system. 

6.12 Human Being Versus Machine 

Information on human error as a causative factor in 

accidents can be determined from different areas of 

investigation in psychology, physiology, accident analysis, 

industrial operations, and other sources. 

Accidents rarely involve willful violations or desire to 

cause a mishap. They are generally due to situations in which 

human capabilities are inadequate and overwhelmed by a need to 

respond properly and rapidly to an adverse situation. These 

inadequacies can be permanent or transient. 
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Physical limitations or inadequate training can be 

considered permanent inadequacies. Transient inadequacies can be 

temporary losses of capabilities because of long hours of 

activity with inadequate rest periods, lack of understanding 

between personnel. More important is the need to make an 

extremely rapid decision while suffering temporarily from shock 

due to a sudden and unexpected emergency. A human being cannot 

excell in the ability to cope with unusual and unforeseen 

situations. However, even this capacity is limited and easily 

impaired. 

A human being is subject to such a magnitude of variables of 

varying degrees in different situations in which different 

possible responses can produce different effects that all 

possible combinations cannot be foreseen. The problem is 

compounded by the fact that each of these combinations is 

different for almost every individual. Figure 6.6 lists the 

mulitplicity of factors which affect human performance. The 

designer would find it impossible to produce a system that would 

be applicable to every case. 

Analysts have found it almost impossible to determine with any 

degree of certainty whether any specific person will or will mot 

cause an accident. Therefore, when designing a system, the 

designer must provide for as many possible foreseeable 
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combinations as possible by assuming that human beings can and 

will make error. 

6.13 Malfunction In Certain Ways 

A human being can have precisely defined and measured 

capabilities. Limiting conditions that must not be exceeded if 

accidents are to be prevented are available. A vast amount of 

such information in hand books is based on the human as a 

machine, as a structure, or a biological organism, as a chemical 

process, as a serving device, as an activating agency, and as a 

power source. 

The human being has often been compared to a machine, with 

comparisons that often do the human being little justice. The 

total weight of machine required to perform the many functions 

that the human being can accomplish would probably exceed 1000 

times the weight of a human body. The human being is a highly 

efficient organism and is able to accomplish many functions that 

machines cannot. The human being reasons inductively, mentally 

reaching far beyond the abilities of any existing computer. The 

human being can adjust to unusual situations, improving 

conditions where necessary to overcome unforeseen difficulties 

in the way of successful accomplishment. 
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The capabilities of the human senses can equal or exceed 

those of manufactured equipment. The ear can detect sound with 

an amplitude of vibrations as small as one-thirtieth of the 

diameter of a single molecule. The eye is equally sensitive, 

having the ability to detect as few as six quanta or photons of 

light. Unfortunately, some people do not use the capability 

properly, or at all. 

They do not recognize problems, deviations from normal 

operations or procedures, or other indicators that special 

acting or care is required. Persons who fail to utilize 

judgement when they should are the ones who fail to respond in 

an adverse situation and must be safeguarded against more than 

those who use good judgement. 

6.14 The Biochemical Machine 

As a machine, the human being has advantages over other 

machines. The human body-is a highly efficient engine which uses 

food as fuel and oxygen from air as an oxidizer to produce 

power. It will adjust its heat output in accordance with demands 

and input. 

Unfortunately, the human being also has problems. As a 

mechanical structure, the human being can go only so far, lift 

only so much, sense only so rapidly, and react only so quickly 
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and effectively. The human sensory systems have definite 

limitations. Every human response to a situation involved 

perception, decision, and response. Difficulties and accidents 

result from any demand for abnormal uses of a person's senses. 

Common problems in industrial plants are the injuries, 

backaches, and muscle strains that human beings inflict on 

themselves because they exceed their capabilities. 

The human body structure, operations, and sensory system 

effectively are directly related to how well its biochemical 

medium is maintained. Violations cause inefficient operations of 

the whole system. The body needs oxygen, without which lift 

cannot be sustained, depriving the body of even small amounts of 

oxygen can affect it adversely. 

Fatigue due to changes in the body' s biochemical balances 

through the accumulation of toxic wastes is another type of 

disruption. The efficienty of a tired body is reduced; the 

probability of error is increased; and the detection of any 

errors that may have been committed is less acute. Long or 

irregular hours of strenuous effort are causes of fatigue. 

Finally all illnesses and medications reduce the body's 

efficienty, causing chemical imbalances, fatigue, and inability 

to perform physical functions. It is essential therefore that 

all illnesses of personnel and medication for personnel who 
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operate critical equipment be under medical supervision. 

6.15 Motivation 

A human being is motivated. In most cases this motivations 

constitutes an advantage, since it creates a drive towards 

successful accomplishment of work. People frequently exceed 

their own normal abilities and the abilities of others when 

motivated by patriotism, hate, revenge, competition, prestige, 

hunger, fear, and so many other reasons. When they act to a 

person's detriment, the equanimity of the machine is an 

advantage. 

Aptitudes, desires, feeling, and motivations provide other 

limiting or distracting variables that must be considered in 

ensuring efficient operations. An eager, well-motivated person 

who is undistracted by personal problems or stresses can 

outperform a distracted or poorly motivated person. Persons with 

emotional imbalances often remain potential sources of 

difficulty; they frequently make errors through minor omissions 

or other acts leading to inefficienty or accidents. Related to 

human error is the broader aspect of human reliability. Human 

error has the connection of a person performing an unintentional 

act. Human reliability includes, in addition those intentional 
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acts contrary to policy, instruction, and good practices. 

6.15.1 Problem Personnel 

Some workers may have emotional or mental problems which can 

lead to accidents. In some cases, such problems are considered 

occupational illnesses if work-related and may therefore be 

covered by worker's compensation laws. A person may have a minor 

emotional or mental problem which would not preclude him or her 

from obtaining employment. Yet the conditions of such 

employment, especially if the person is subjected to mental 

stress such as a hazard against which he or she must constantly 

take care, can cause a worsening of the person's condition until 

he or she is no longer capable of performing his or her duties. 

6.15.2 Judgement 

Another outstanding capability of the human is the ability 

to exercise judgement. The human being can assemble data from 

various outside sources, correlate these with information drawn 

from past exxperience and education, reject inconsistencies, and 

quickly arrive at a logical conclusion. The human being can do 

all this without first being programmed to undertake such 

actions. The most complex computer can perform only those 

specific operations for which they have been programmed and for 
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which they have been fed information coded in a particular form. 

The human being is inventive, can improvise in cases of 

necessity, and even over-ride previous training and instructions 

if the need arises. Some of the situations where human beings 

have acted superbly, far beyond usual performance, have been in 

emergencies. They have had to appraise circumstances of complex 

situations, think fast to integrate existing conditions with 

possible courses of action, and then to take those actions. No 

machine combination can do that. 

6.16 Quantitative Error Prediction 

Attempts have also been made to use quantative methods of 

predicting the occurence of errors during the accomplishment of 

any task. The concepts of use methods also involves the aspect 

that quantative measures would also provide a means of 

determining whether a person is exceeding the number of errors 

that could be expected in any specific operation. Probabilities 

can predict how a specific outcome will occur when a large 

population is involved. They cannot indicate exactly to which 

individuals within that population, this outcome will happen. 

The American Institute of Research in Pittsburgh has 

undertaken tests on individuals performing various simple tasks, 
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and scored them on the number of errors made. These were then 

converted into probability (or human ability) tables. 

6.17 Human Engineering 

Causes of errors, no matter how exotic they may be, are of 

interest only if they lead to means of error and accident 

prevention. Human engineering is a technical discipline 

dedicated to this end. It involves the design of equipment so 

that the relationships between people and machines will result 

in optimal performance by minimizing stresses on personnel that 

result in fatigue, wrong decisions, and erroneous actions. 

Causes of error, no matter how exotic they may be, are of 

interest only if they lead to the determination of the reasons 

for the errors and the accident avoidance. Human engineering (or 

human factors, or ergonomics in Great Britain) is a technical 

discipline dedicated to these ends. Human engineering is 

orientated towards correct use and avoidance of misuse of all 

products with the intent of anticipating operator errors before 

the equipment is build and, thus of designing effectively. It 

involves the design of equipment so that the relationship 

between people and machines will result in optimal performance 

by minimizing stresses on personnel that result in fatigue, 

wrong decisions, and erroneous actions. 
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Human engineering attempts to obtain maximum effectiveness 

in any human-machine operation by integrating the best 

capabilities of both. It is concerned with the design of 

equipment that can be operated easily and rapidly and with a 

minimum of undue strain. 

6.18 Procedural Means Of Error Prevention 

It has been determined that people are motivated by a 

tremendous number of factors. They can be motivated to minimize 

actions that could lead to accidents. Firm supervisory control 

over personnel can be a definite motivating force. A plant in 

which it is known that disregard of safety rulse will result in 

disciplinary action will generally be a far safer plant than one 

in which the rules are held lightly. It is for this reason that 

management support is a necessity. 

Common examples of disregard for safety includes smoking in 

41 areas not so designated, failures to wear hard hats, face 

shields, goggles, or safety shoes; blocking fire exits and 

routes to them; failure to secure ladders properly, and poor 

housekeeping. Each of these is in violation of safety rules 

which should not be tolerated. First line supervisors should be 
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held directly responsible for ensuring that all personnel under 

their supervision maintain safe working habits and observe 

stipulated rules. 

In some instances workers may unknowingly be conducting 

themselves in ways that are unsafe. This is often the case with 

newly employed or inexperienced workers. Some newly employed 

workers may disregard established procedures to do things the 

way they did them where they were previously employed. 

Inexperienced workers may just lack of knowledge of safe 

conduct. Both of these types of employees must be checked 

frequently and carefully by the supervisor until he or she is 

certain that they have safe working habits. Then, as for all 

workers, the supervisor should check their opeerations, the 

machines and controls they use, their clothing, working 

conditions, and their safety equipment periodically to ensure 

they have maintained good habits. 

6.19 Critical Operations 

Errors can be far more critical in certain operations than 

in others. Closer control must be maintained in these cases, 

both to minimize the possibilities of error and the injury or 
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damage that could result if an error is made. Close 

collaboration among the safety engineer, supervisors, and 

workers is required. 

Very often a system is initiated under which these 

operations will be accomplished only after a permit for this 

work has been approved. The safety representative will then 

review existing conditions and preparations; check the workers 

to ensure they are physically qualified, understand what is to 

be accomplished, realize the hazards involved and how to 

recognize any adverse situations. 

A few of these critical operations are: 

a. welding operations 

b. laboratory operations 

C. handling or transportation of explosives 

toxic substances 

e. repair or maintenance of a high-voltage system 
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6.20 Responsibilities Of The Workers 

Each person must be individually responsible for: 

Every employer is responsible for keeping fellow personnel, 

vehicles, and equipment free from mishaps to the best of his 

or her ability and should try to anticipate every way in 

which a person might be injured on the job, and conduct his 

or her own work to avoid accidents. 

B- Being constantly alert for any hazardous conditions or 

practice and should report any unsafe condition or practice 

to the supervisor or to the safety officer 

C- Applying at all times the principles of accident prevention 

in daily work. Workers should advise inexperienced fellow 

employees of safe methods and procedures, warn them of 

hazards, and caution them when they engage in dangerous 

practices. 

D- Following prescribed procedures to the best of his or her 

ability in any emergency and must endeavour to remain calm, 

remember instructions, and take the steps he or she has been 

instructed to take to safeguard himself and fellow 

employees. 
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E- Promptly reporting to the supervisor or medical office any 

injury, regardless of the severity, and any illness that 

might adversely affect safe performance. 

F- Ensuring that, after receiving instructions, understand, 

them completely before starting work. 

Reviewing educational safety material and safety training to 

the workers. 

H- Knowing how and where medical and other emergency help can 

be obtained. 

I- Observing all posted warning signs 

6.21 Procedure Analysis 

A procedure analysis is a set of instructions for sequenced 

actions to accomplish a task such as conducting an operation, 

maintenance, repair, assembly, test, calibration, 

transportation, handling, implacement, or removal. 

Procedure analysis is a review of the action that must be 

performed, generally, in relation to the mission task, the 

equipment that must be operated, and the environment in which 
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bothe must exist. Analyses must ensure that the procedures are 

not only effective and sufficient but safe. Such analyses 

involve determination of the required tasks, exposure to 

hazards, criticality of each task and procedural step, equipment 

characteristics, and mental and physical demands. 

Procedures themselves may be lacking, incorrect, 

overlengthy, awkward, poorly written, and difficult to 

understand. Procedures should be subjected to analyses and 

evaluation after they have been prepared, then tested. The 

procedure analysis, then, forms the standpoint from which all 

related matters that could degrade the performance or cause an 

accident and/or injury, are explored. The possibility of error 

during an operation is one problem. The other is that although 

the worker may perform correctly, the designer may have 

stipulated a task incorrectly. 

6.22 Dealing With Human Error 

There are numerous specific strategies for reducing the 
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likelihood or negative consequences of human errors, but I will 

not try to enumerate them here. However, a brief discussion of 

generic approaches might be useful. In general, the likelihood 

or consequences of errors can be reduced by personnel selection 

and training and by design of the equipment, procedures and 

environment. 

Selection 

Selecting people with the capabilities and skills required 

to perform a job will result in fewer errors being made. Such 

things are perceptual, intellectual, and motor skills should be 

considered. The limitations with this approach are that: 

1. it is not always easy to determine what skills and 

abilities are required. 

2. reliable and valid tests do not always exist for 

measuring the required skills and abilities, and 

3. there may not be an adequate supply of qualified people 

Training 

Errors can be reduced by proper training of personnel. 

Unfortunately, people do not always perform as they were 



312 

trained. They can forge or revert to old habits acquired before 

training. Training can also be expensive because it must be 

given to each person. 

Desip: 

One of the important areas in human factors is the design of 

equipment, which has been mentioned before; procedures and 

environment can improve the performance of people, including 

reducing the likelihood and consequence of errors. There are 

three generic design approaches for dealing with human error: 

Exclusion designs: The design of things makes it impossible 

to commit the error. 

Prevention designs: The design of things makes it 

difficult, but not impossible, to commit the error. 

Fail safe designs: The design of things reduces the 

consequence of errors without necessarily reducing the 

likelihood of errors. 

Designing to reduce errors or their consequence can often be 

the most cost-effective approach to the problem of human erro. A 

system needs to be designed only once, while selection and 

training must be repeated as new people become part of a system 
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6.23 Monitoring Tasks 

Certain types of work consist basically of monitoring or 

vigilance functions. In such tasks the monitor's function is 

that of giving attention to an operator or process to identify 

circumstances or events that require some action or response. A 

primary requirement of the monitor is the correct identification 

of all the events that require action. 

The input relating to these events may be presented to the 

monitor by various displays (such as dials, gauges, cathode ray 

tubes, or other visual displays, or auditory signals of some 

kind), or it may be observed or detected directly (such as by 

noticing a change in the sound or the output of a machine or by 

observing boxes moving off a conveyor after they have been 

labelled). 

The indication of the events - whatever it may be - usually 

is called a signal; when a signal occurs, the monitor is usually 

suppose to take some action. Performance on monitoring tasks 

whether in actual job situations or in laboratory studies, is 

usually measured with such criteria as: 
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1. failure to detect relevant stimuli or signals, 

2. false detection (false alarms) 

and 

response lag 

Over the years, there have been many research studies 

dealing with vigilance. Davis and Parasuraman (1982), for 

example, cite over 700 reference in their book on vigilance; and 

where there is research, there is theoryl As pointed out by Loeb 

and Alluis (1980), however, theories of vigilance are really not 

theories specific to vigilance, but rather are general theories 

applied to the vigilance situation. 

6.24 MANAGEMENT AND ITS RESPONSIBILITIES FOR SAFETY 

Active participation by the top managers of any industrial 

organization in carrying out accident prevention programs is of 

such importance that the safety engineer who is not given 
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effective support should begin looking for a job elsewhere. 

Without management support the conscientious safety engineer 

will be in a constant state of frustration, his efforts to 

accomplish his job successfully will be hampered from the start. 

Avoidance of accidents requires a sustained, integrated effort 

by all employees, departments, and types of activities. The 

safety engineer may indicate of what this effort should consist, 

and may determine whether it is being carried out properly. 

Managers, however, are the only ones who can direct that the 

safety effort will be carried out and are the only ones who can 

provide the authority to ensure it is a properly integrated and 

coordinated activity. 

The influence of management must be apparent in the safety 

policies it sets, the degree to which it ensures those policies 

are observed, and the concern with which it treats any 

violations. Managers must permit no doubts to exist in the minds 

of employees that they are concerned about accident prevention. 

This concern with preventing injury and damage must be sustained 

continually, rather than becoming a temporary involvement when 

presented with an accident report. 

Unless managers do provide this support accidents will take 

place. A safet engineer who must work under such unfortunate 

conditions would do well to document all his or her efforts to 
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carry out a successful accident prevention program. 

In the event that the safety engineer believes that the 

managers of his or her organization are not as supportive as 

they should be, the safety engineer must ensure that he or she 

can demonstrate not being at fault if an accident should occur. 

6.24.1 Management Attitudes Toward Safety 

According to the Aerojet Nuclear Company (1976) 

Many corporate managers continue to believe that 

careless workers are really to blame for accidents. But a 

1967 survey of Industrial Injuries In Pens7lvania concluded 

that only 26 percent were the result of employees, 

carelessness. Even that figure does not tell the whole 

story. As a General Motors pamphlet on safety notes: "It Is 

impossible to have an accident and the resulting Injury 

without the presence of a hazard. " The pamphlet goes on to 

say that "carelessness" Is not a good word to use in 

connection with analyzing the cause of an accident, It Is 

human nature for people to make mistakes, to forget, to take 

short cuts. Even If "accidents will happen" In other words, 

it Is ma agements' responsibility to elemInate - as much as 

possible - the conditions that bring accidents about. Beyond 
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that workers have almost no control over the health hazards 

of dust or toxic gases, whose effects the7 do not understand 

and whose presence the7 ma7 not even be able to detect. 

A survey of working conditions conducted by the University 

of Michigan (1971) found that of the 18 areas of concern 

investigated, 86.7 percent of all workers interviewed considered 

that "becoming ill or injured because of my job", was foremost 

on the list. In addition, 80.7 percent were concerned about 

"physical dangers or unhealthy conditions on my jobn. 

Minimization of such concerns will undoubtedly improve employee 

morale and productivity. In addition, an employee who needs to 

pay less attention to protecting himself or herself against an 

imminent danger can work more effectively and efficiently. 

History has shown that an employee will work faster in a safe, 

compatible environment than in one in which he or she feels 

endangered. 

A prime requisite for any successful accident prevention 

program is to leave no doubt in the mind of any employee that 

managers are concerned about accident prevention. The most 

effective means by which this can be done is for the managers at 

the highest levels possible to issue directives indicating their 

accident prevention policies and then to ensure that their 

lower-level managers, supervisors, and other employees carry 
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them out. 

In an industrial organization the manager issues the policy 

directive, but its enforcement must be put into effect by the 

immediate, first-line supervisors, the foremen. 

Although it is frequently and truly said that safety is 

everyone's responsibility, many people have a tendency to ignore 

or forget this. The supervisor, manager, or foremen must ensure 

that such ignorance of forgetfulness does not happen if 

accidents are to be avoided. Lack of firm direction and control 

can lead to disastrous results that could otherwise be avoided. 

For the worker the foreman represents management. He 

has to see that the Intentions and orders of the management 

are carried out by exerting his personal authority and 

Influence. If the foreman does not take safety seriously, 

those under him will not either. On the other hand, If he is 

convinced of the Importance of safety, If he shows that: 

safety has to be considered all the time, and If he himself 

does everything that reasonably can be done to prevent 

accidents, workers will follow his example. (From Accident 

Prevention, ILD 1961) 
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6.24.2 Costs 

When a safety problem is recognized in an industrial plant, 

there are generally four courses of corrective action: 

1. Safeguard 

2. Provide and add-on safeguard 

3. Redesign the hazardeous part of the equipment 

and 

4. Replace the hazardeous equipment with a safe type 

If possible, for example, if there is no violation of a 

governmental standard or code, managers will usually attempt to 

do with the least costly solution. Procedural safeguards means 

rules for personnel to follow to avoid accidents. They 

constitute the least satisfactory method of accident prevention 

since they depend on observance by the workers, and for the 

foreman to ensure that they are observed. Managers responsible 

for determining whether a design safeguard is justified must 

consider the effects of the added load on the front-line 

supervisor. 

Some of the means by which a manager responsible for any 

operation can hve an effective safety program are to: 
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Establish a safety element, which reports directly to the 

manager, to be sure that the safety program is carried out 

properly and effectively. This safety element should ensure 

that all organizations are familiar with all codes, ý 

standards, and other legal safety requirements pertinent to 

their operations. 

2. Check that safety training is carried out on a continuing 

basis for supervisors and workers, especially those newly 

employed or transferred. 

3. Check that every reported hazard and every accident is 

investigated. The manager should be advised immediately of 

any serious injury, fatality, or dangerous condition. 

4. Establish a safety review board to evaluate, discuss, and 

take action on safety problems. 

5. Above all, maintain an active, effective interest in the 

safety effort. 

6.24.3 Coordinating Safety Efforts 

manager must ensure that the safety program is a 
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coordinated effort by integrating the functions of all 

organizations concerned. Organizations involved in various 

aspects of the safety program, and their contributions, may be: 

A- Personnel: ensures that personnel are trained and 

physically capable of conductin their duties. 

B- Production: ensures that unsafe practices are not 

permitted, even at the expense of increased output. 

C- Plant Engineerin : ensures that all equipment which could 

affect health or safety of personnel is selected, installed, 

and maintained to eliminate or minimize potential hazards. 

D- Plant Maintenance: ensures that good housekeeping is 

maintained at all times. 

E- Security: ensures that emergency accesses are not blocked 

F- Records: ensures that all data regarding safety are 

recorded, collated, and analyzed for legally required 

purposes and for spotting adverse trends in accident 

occurances. 

According to a study by Fine (1975) 
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A manager must follow for the safety of any plant or 

the operation for which he or she Is responsible Include the 

following: 

The manager must ensure that good housekeeping 

practices are maintained at all times. 

2. An7 plant, vehicle, or other piece of equipment must be 

operated within the limitations under which It was 

designed. 

3. New equipment should be Inspected on receipt to ensure 

that all desirable safet7 features and devices have 

been Incorporated or provided. 

4. All operating procedures should minimize the 

possIbIlIt7 of a mishap as a result of the existence of 

a hazard; the hazards should be Identified and 

personnel warned b7 the most noticeable means. 

5. Detailed emergenC7 procedures should be prepared to 

specif7 actions to be taken when a failure or dangerous 

condition occurs. 
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Access to equipment components durint maintenance, 

repair, or adjustment should not expose personnel to 

such hazard as electrical charge, moving parts, 

radiation, extremes of heat, chemical burns, cutting 

edges, or sharp poInts. 

7. Maintain continuing on-the-job supervision of all 

potentially hazardous activities. 

Ensure that workers have had at least the mInI um 

training necessary to be aware of any potential hazards 

before they are assigned to any hazardous duties. 

9. Ensure that workers are taught the nature of possIble 

hazards, how to avoid exposure, the importance of 

maintaining good health, and actions necessary If a 

mlshap occurs. 

10. Conduct periodic safet7 training for all workers. 

11. Do not permit a worker to continue an7 hazardous work 

If the worker is found to be unqualified, unsuitable, 

or Incapable. 

12. Have each potentlally hazardous operation reviewed and 
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anal7zed to ensure that suitable procedures and 

safeguards are provIded. 

13. Have each potentially dangerous operation conducted 

according to procedures developed and approved for that 

particular operation. 

6.24.3.1 Personnel 

Each manager and supervisor must ensure that personnel are 

not endangered by the equipment or the operation and that the 

personnel themselves do not constitute dangers. 

6.24.3.2 Operations 

Each operation considered hazardous should be conducted 

strictly in accordance with those procedures and checklists 

included in approved publications or approved by authorized 

agencies. Managers should specify operations that are considered 

hazardous and that require surveillance by appropriate safety 

ore supervisory personnel. 
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6.25 Traditional Ways of Dealing with Load 

There are a number of traditional safety procedures that 

help to deal with load, and that employers should continue to 

carry out. Job safety analyses and job hazard analyses are two 

such systematic techniques for identifying and removing hazard. 

Another traditional task for safety professionals has been 

to improve the interpersonal skills of supervisors. Worry and 

stress loads can be controlled best by supervisors who know 

their people well enough to know when a worker has a problem 

that needs to be dealt with. Human relations training has helped 

supervisors better understnad and help the workers they oversee. 

6.25.1 Stresses from Hazard and Danger 

Working in a hazardous or dangerous situation is in itself 

stressful to the worker. This is perhaps most obvious in wartime 

combat situations, but it is also the case in most work 

situations to a lesser degree. Hazardous or dangerous 
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situations 

increase arousal level and increase the task difficulty, 

performance loads icrease with danger to certain degree. This is 

not to say that the hazard level in the work place should be 

kept at a medium level. Obviously, over a period of time arousal 

levels due to danger would not be maintained, and task 

difficulty would create deterioration in performance over the 

long term. 
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CHAPTER SEVEN 

7.0 CONCLUSIONS AND RECOMHENDATIONS 

7.1 CONCLUSIONS 

In countries such as Japan and Canada there has been a 

political will exercised by the coal owners in not implementing, 

or ignoring certain provisions of the relevant health and safety 

legislation. Due to increased competition from oil, the coal 

owners have successfully pressurised the Japanese government to 

recind some statutes in 1969. 

In spite of increased numbers of fatal and serious injurious 

accidents, the number of inspectors and subsequently inspections 

have been reduced, as well as the number of worker safety 

delegates, the meetings of the safety committe and time spent by 

the employer devoted to health and safety matters. 

In Canada until recently legislation was not so rigidly 

enforced. Each province has its own specific legislation for 



329 

mines under the umbrella of the Occupational Safety and Health 

Act, 1978. Safety standards had been developed previously in 

each province and variations existed in each province. 

Prior to 1978 the enforcement in the few coal mines had been 

made by the Energy Conservation Resources Board Inspectors, some 

of whon were mining engineers, as is the case in the U. K. 

Since 1978 there has been the establishment of the 

Occupational Health and Safety Division of the Ministry of 

Labour. Within this division there are several branches, 

including field services, standards and programmes, occupational 

health, special studies and services. Currently, all of the 

branches appear to be fighting for positions in the hierachy, 

rather than enforcing health and safety standards. 

A recent recommendation calls for the provision of a 

specialist enforcement branch staffed by professional, highly 

technical and specialised enforcement officers, who know the 

mining industry. 

In reviewing the accident prevention techniques adopted by 

the various coal producing nationas, the conclusion is that many 

of the countries are attempting to achieve, in a matter of a few 

years, what has taken the U. K. nearly one and half centuries to 

achieve., 
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The main advantage in the U. K. is that the majority of mines 

are under the management of one owner, i. e. The National Coal 

Board. Therefore there is one set of health and safety policies 

which applies throughout the industry, and although the local 

mine managers interpres and adapt that policy to the 

requirements of that mine, the general standard is high. The 

arrangements to implement the policy are withing broad outlines 

and this research has shown that there are variations which 

exist between some mines and between some areas. 

In the U. S. A., where there are mine owners which are large 

multi-national corporations (such as the steel or oil 

companies), there has been a similar high standard of safety 

organisation and administration. - Conversely, a review of small 

indepedent mines in the U. S. A. has shown that such small mines 

have a higher accident rate and are more inclined to ignore 

health and safety regulations. 

On the continent of Europe there has been the coming 

together of mines into large centralised groups or by state 

nationalisation. These factors have assisted in the provision of 

safety personnel and uniform application and interpretation of 

policy throughout that group or country. 
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The converse appears to be in Canada where there are a 

number of small indepedent coal producing units. 

Another cornerstone in accident prevention has been the role 

of joint consultation. This has been used extensively in some 

countries. The U. K. was possibly the first mining nation to use 

inspections on behalf of the workmen to check for potentially 

dangerous -situations. 
The Mine Act of 1872 gave the right to the 

Miners Federation to conduct inspections of parts of the mine. 

In some countries, such as Canada and Japan there is a 

reluctance, even today, to take part in such schemes. It has not 

been possible to discover whether this is due to apathy or fear. 

In parts of the U. S. A. some mining unions still display 

attitudes of 50 years ago. In spite of pressure by the U. S. A. on 

the Japanese after the Second World War, there appears to be 

reluctance on the part of worker representative in Japan to take 

more than a passive role in Joint Safety Committe work. 

Safety education and training is another major contributory 

factor. The health and safety legislation in many countries 

stipulates induction training, but the length of such training 

for example in the U. S. A. and Canada is very short. Likewise the 
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period of training from induction to a fully competent miner is 

less than that in other coal producing nations studied. France, 

Germany and the U. K. have very similar training requirements; 

new entrants spend several weeks at special technical colleges 

or trade schools before being allowed undergroud. 

The quality and standards of training required to be achieved 

are constantly under review. Each of these countries has a 

special standards board such as the Mining Qualifications Board 

(U. K. ) which determines standards. To be a skilled miner it is 

necessary to undertake special training courses at appointed 

training faces under the supervision of training instructors. 

In recent years, with changes in the systems of mining and 

the introduction of new machinery, attention has been paid to 

the provision of refresher and additional training for specific 

tasks. 

This research has found that in some countries there have been 

cases where there has been little or no input of this additional 

training. The Commission of European Communities has recently 

completed a study of training standards and is to make fresh 

recommendations in the light of their findings. The requirement 

of "certificates of competency" for senior mine managers should 

be applied in the U. S. A. and Canada. 

Examples have been found where the "management" of the coal 

producing unit has been a person with a business or accountancy 
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education background. The employment of such persons can only 

have an adverse effect on the safety of the mineworkers. If 

preventative measures involve financial expenditure, there is 

the possibility that such measures would not be adopted. 

For many years accident statistics have been used as a means 

of identifying areas where problems exist, and to highlight 

trends and act as a measure of safety performance. Such 

statistics are only as good as the reporting system. 

Most countries have legislation which requires the reporting 

of those accidents where the injured miner has sustained serious 

bodily injury. In Canada accidents are only reported when the 

injured miner claims compensation from the Workers, Compensation 

Board. It is considered that there is a need for a uniform 

reporting system in order to be able to compare the efforts of 

one country with that of another; to enable a more precise 

measurement to be made of the efficienty of the accident 

prevention techniques and controls; and to highlight those 

accident prevention principles which are more effective. 

For many years it has been widely accepted that the design 

of safe systems of work contributes to the prevention of 

accidents. In most countries studied this is a statutory 

provision and in some countries the plans of mine workings have 

to be submitted to the enforcing authorities before development 
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can be started. This is the case in parts of the U. S. A. where 

certain states require it in potentially hazardous 

circumstances, such as seams liable to high rates of firedamp 

emission, or when working near water-bearing strata. 

In Canada there are no such requirements and the design is 

left to the local management. An investigation into one multiple 

death accident in Alberta showed that little attention had been 

paid to the layout, despite a history of minor roof falls and 

other dangerous occurances. Although the mine had an appalling 

record, from 1968 to 1980 a total of 18 miners had been killed 

(13 from roof falls) out of a total workforce of 500 men, the 

same system of bord and pillar mining had been continued. 

In the U. K. the legislation prescribes specific support 

rules and it is only when variation from the support rules are 

required that plans are submitted to the Inspectorate. 

In the design of mine layouts for haulage and transport in 

the U. K., it appears that it is lagging behind other countries. 

Perhaps this is because of the unusual system of mining which 

utilises in-seam main transport roadways, that there are a high 

proportion of accidents in this category. 

With the increase in size of the roof supports used at the 
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coalface, there is a need to update the system of transporting 

the roof supports to the face. In addition, when analysing the 

cause of an accident, it is often revealed that elementary 

common pit sense has not been used. 

Workmen tend to take short cuts, and fail to recognize potential 

hazards or perform dangerous acts in the mistaken idea that they 

are enhancing production. 

The average age of the mineworker is increasing and as men grow 

older they may become less agile. As the average speed of the 

haulage system is also increasing, those deploying workmen 

should bear in mind the task which is required of such haulage 

workers. 

With the horizon method of mining on the continent there are 

fewer haulage and transport accidents. Likewise, in the U. S. A., 

the systems of mining frequently do not require the roof to be 

ripped down to form roadways, as in the U. K. Since the 

introduction of the Coal Mines Safety and Health Act in 1969, 

more attention has been paid in the U. S. A. to the design of the 

mine layout and an increased input has been made by the 

enforcing inspectorate into mining layout and systems. 

In recent years there has been an increase in the use of 

computer-aided-design- techniques and it is expected that in the 

future such techniques will make an increased contribution to 

accident prevention. 
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Ergonomics is also being used for the improved design of 

manually operated equipment. An improved layout of control 

panels for coal cutting machines, ripping machines, locomotives 

and so forth should assist in reducing the risk of machinery 

operators being injured. The positioning of control handles 

which can be operated from a place of safety or by remote 

control should be the aim of equipment designers. 

As the analysis of the causes of accidents improves, it is 

increasingly shown that the human factor is becoming more 

important. Many years ago it was felt that persons were to blame 

for failing to recognise that circumstances in the mine were 

potentially dangerous. 

Today most safety legislation states that if the employee 

does not know the circumstances are dangerous it is because the 

employer has failed to tell him. Deficiences in the management 

system are thereby implied. In those aspects of the system of 

work where critical decisions are required to be made, it is 

essentail that the correct selection of manpower is made. In 

some countries psychological tests are carried out to ensure 

that the individual is suitable for the task he is to perform. 

Another analysis of the managment system revealed that in 

some cases individual have used minor accidents as an excuse to 

stay away from work because of the unsatisfactory psychological 
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atmosphere at work. Consequently, it is essential that managers 

and supervisors should understand the psychological component of 

the unsafe acts of individuals. This is where the U. K. lags 

behind other countries. In the training schemes used on the 

continent and in the U. S. A. , there are psychological aspects 

which the U. K. could do well to emulate. 

The motivational factors of accident prevention can help to 

create the correct atmosphere and this should be taught in mine 

management training schemes. This is even more essential when 

one considers that the younger generation will not accept the 

work environment which their forefathers accepted. 

The European Safety and Health Commission has recognised 

this and during the past decade has examine "Human Factors 

Affecting Safety". The Commission has received details of the 

safety campaigns adopted in each member country, and its 

recommendations are awaited. 

Technological research is another contributory factor 

towards accident prevention. 

Research into accidents in France and Germany shows that 

patterns of accidents and their prevention have mirrored the 

U. K. experience. Firedamp explosions due to shotfiring followed 
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by electrical equipment, were replaced by coal dust explosions. 

Accidents due to fall of ground on the face were reduced 

considerably through the use of powered supports and recently 

there has been an increase in haulage and transport accidents. 

Research projects on the continent have made significant 

contributions towards safer mines. 

The role of insurance in accident prevention has also been 

investigated. Most countries studied have a similar pattern of 

compensating workers for injuries sustained in accidents. In 

some countries industrial injuries insurance schemes are 

designed to provide a financial incentive to employers to reduce 

the number and gravity of industrial accidents. 

The social insurance scheme operated by the government in 

the U. K. is part of the welfare state and it provides a basic 

cover for industrial accidents and diseases. The employer has to 

pay additional premiums through the Employers Liability 

(compulsory insurance) Act 1969, or in the case of nationalised 

undertakings to secure the payment of compensation to accident 

victims for pain, suffering and loss of earnings. Such payments 

are in addition to the state industrial injuries payment and are 

often "awarded" as the result of action for damages following 

court proceedings. 
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In other countries the scheme is somewhat different as there 

is little or no contribution from the state. In Canada, parts of 

the U. S. A. and some other countries, injured persons receive 

payments from the Workers' Compensation Board, on a "no-fault" 

liability system. Such payments are a set proportion of the 

injured person's wages and are normally between 60 and 70 

percent of his average earnings. This is paid automatically 

without reference to a Court. The funding for such payments is 

by a direct levy on the employer, the amount depends on the 

accident record of the firm, the earning of the employees, and a 

safety performance related average for the industry. 

In France and Germany the statutory body which has the task 

of administering the compensation insurance scheme also promotes 

industrial health and safety. In these countries, representative 

of both employers and employees participate in the 

administration of the industrial injuries compensation scheme. 
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7.2 Recommendation For Further Research 

Areas and topics recommended for further research are listed 

below: 

1- Detailed examine in to hov Human of Factors affect Safet7 

in industries. 

2- Further InvestIgate reasons why haulage and transport 

accident rate have failed to decrease at the same rates as 

other catagorles of accIdent. 

3- Carry out detailed quantitative assessment of the impact of 

legislation as related to safety and health on Industrial 

practice and accident rates. 

4- Further quantitative research to assess Education and 

TraInIng as related to Safet7 and Health In IndustrIes 

Specially In development countries. 

5- Carry out assessments of the valldlry and accuracy of 

accIdent data recorded. 

6- Carry out cost effectiveness studies of safety measures and 

training safety related and identify methods by which such 

training can be stimulated. 
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APPENDIX 8.1-10 
TABLE 8.1 RATES OF PERSONS INJURED FATALLY AND NON FATALLY IN BELOWS 

INDUSTRIES OF 46 COUNTRIES 

COUNTRY 
AND 
YEARS 

AGRICUL. 
FORESTRY 
FISHING 

MINING 
INDUST. 

MANUF. 
INDUST. 

ELEC. GAS 
INDUST. 

CONST 
INDUST 

TRANSP. 
IND. 

AUSTRIA 
R. A A 3.357 1.87 74.91 1.87 33.74 8.06 

1983 B 0.02 0.008 0.116 0.007 0.098 0.039 

1984 A 3.123 1.880 73.417 1.848 32.515 8.24 
B 0.018 0.014 0.103 0.006 0.095 0.040 

1985 B 0.015 0.010 0.085 0.008 0.085 0.059 

CZECHOSIDVAK 

1982 A 50.56 8.76 67.15 2.35 16.58 13.65 
B 0.17 0.06 0.14 0.016 0.08 0.09 

1983 A 50.33 8.51 67.67 2.29 15.92 13.13 
B 0.16 0.07 0.13 0.034 0.083 0.071 

1984 A 48.74 7.97 64.68 2.01 14.83 12.88 
B 0.16 0.05 0.16 0.18 0.074 0.075 

1985 A 49.03 7.91 66.57 2.09 14.63 13.74 
B 0.13 0.06 0.13 0.02 0.08 0.06 

1986 A 47.3 7.71 66.38 2.04 14.62 13.31 
B 0.15 0.05 0.14 0.02 0.09 0.08 

DENMARK 

1984 A 1.59 0.05 21.61 0.78 5.60 5.34 
B 0.02 0.001 0.02 0.002 0.01 0.01 

1985 A 1.58 0.04 24.96 0.87 6.10 5.86 
B 0.03 0.001 0.02 -- 0.02 0.01 

SPAIN 

1984 A 52.70 18.59 205.04 3.67 60.73 25.34 
B 0.21 0.05 0.26 0.02 0.194 0.173 

Cant'd... 
A: NUMBER OF PERSONS INJURED 

( THOUSAND ) 
B: FATALLY INJURED 

- DATA NOT AVAILBLE 

R. A. - REPORTED ACCIDENTS 
C. A. - COMPENSATED ACCIDENTS 

AGRICUL. - AGRICULTURE 
MANUF. - MANUFACTURING 
ELEC. - ELECTRICITY 
CONST. - CONSTRUCTION 
TRANSP. - TRANSPORT 
INDUST. - INDUSTRIES 
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TABLE 8.2 RATES OF PERSONS INJURED FATALLY AND NON FATALLY 

COUNTRY 
AND 
YEARS 

AGRICUL. 
FORESTRY 
FISHING 

MINING 
INDUST. 

MANUF. 
INDUST. 

ELEC. GAS 
INDUST. 

CONST 
INDUST 

TRANSP. 
IND. 

Espain 
Cant'd 

A 53.31 18.56 200.24 3.56 60.80 26.07 1985 B 0.20 0.06 0.28 0.02 0.20 0.20 

1986 A 48.40 18.73 208.66 3.60 71.10 26.82 
B 0.22 0.04 0.27 0.02 0.22 0.20 

FINLAND 

1984 A 5.02 0.50 47.41 1.15 22.11 7.484 
B 0.002 0.001 0.012 0.001 0.020 0.010 

1985 A 5.07 0.44 46.05 1.15 21.33 7.17 
B 0.003 0.007 0.023 -- 0.02 0.02 

1986 A 4.70 0.40 44.17 1.17 20.06 6.98 
B 0.01 0.003 0.023 0.001 0.02 0.02 

FRANCE 
C. A. 
1984 B 0.37 0.005 0.32 0.180 

1985 B 0.33 0.003 0.32 0.16 

GERMANY. W. 

1984 A 193.10 35.42 679.2 - 252.1 
B 0.50 0.11 0.93 0.52 

1985 A 200.3 33.8 707.32 228.2 
B 0.47 0.13 0.82 0.40 

HUNGARY 
R. A, 

1984 1A 28.54 7.66 34.90 6.63 8.50 
B 0.18 0.03 0.11 0.05 0.05 

%JtlllL. LL. . 

A: NUMBER OF PERSONS INJURED 
( THOUSAND ) 

B: FATALLY INJURED 

R. A. - REPORTED ACCIDENTS 
C. A. - COMPENSATED ACCIDENTS 

AGRICUL. - AGRICULTURE 
MANUF. - MANUFACTURING 
ELEC. - ELECTRICITY 
CONST. - CONSTRUCTION 
TRANSP. - TRANSPORT 
INDUST. - INDUSTRIES 
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TABLE 8.3 RATES OF PERSONS INJURED FATALLY AND NON FATALLY 

COUNTRY 
AND 
YEARS 

AGRICUL. 
FORESTRY 
FISHING 

NINING 
INDUST. 

MANUF. 
INDUST. 

ELEC. GAS 
INDUST. 

CONST 
INDUST 

TRANSP. 
IND. 

A 28.05 8.17 35.51 5.79 8.45 
1985 B 0.15 0.03 0.09 0.05 0.06 

A 24.45 7.44 32.66 5.23 7.99 1986 B 0.13 0.03 0.11 0.04 0.06 

IRELAND 

1983 A - 0.011 3.293 0.061 0.468 0.042 
B - 0.001 0.007 0.002 0.006 - 

1984 A - 0.010 3.219 0.061 0.503 0.041 
B - 0.007 0.013 - 

NETHERLAND 

1984 A 2.676 0.054 23.189 0.010 12.895 4.344 
B 0.003 0.011 0.013 0.010 

1985 A 2.715 0.086 22.209 0.005 12.411 4.187 
B 0.001 0.001 0.019 0.013 0.008 

NORWAY 

1984 A 0.695 0.160 3.867 0.175 1.858 1.144 
B 0.006 0.001 0.010 0.006 0.010 0.020 

PORTUGAL 

1984 A 16.795 3.197 135.18 3.43 53.32 15.62 
B 0.063 0.009 0.15 0.012 0.13 0.05 

1985 A 17.20 2.02 114.68 2.18 41.30 11.73 
B 0.07 0.003 0.10 0.008 0.08 0.03 

Cant I d... 
A: NUMBER OF PERSONS INJURED 

( THOUSAND ) 
B: FATALLY INJURED 

R. A. - REPORTED ACCIDENTS 
C. A. - COMPENSATED ACCIDENTS 

AGRICUL. - AGRICULTURE 
MANUF. - MANUFACTURING 
ELEC. - ELECTRICITY 
CONST. - CONSTRUCTION 
TRANSP. - TRANSPORT 
INDUST. - INDUSTRIES 
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TABLE 8.4 RATES OF PERSONS INJURED FATALLY AND NON FATALLY 

COUNTRY 
AND 
YEARS 

AGRICUL. 
FORESTRY 
FISHING 

MINING 
INDUST. 

MANUF. 
INDUST. 

ELEC. GAS 
INDUST. 

CONST 
INDUST 

TRANSP. 
INDUST. 

Cant'd 
A 17.20 3.02 114.68 2.18 41.30 11 73 1985 B 0.08 0.003 0.10 0.008 0.08 . 0.033 

1986 A 17.94 3.12 113.27 2.15 40.08 10.94 
B 0.07 0.011 0.130 0.012 0.10 0.03 

SWEDEN 

1984 A 4.52 0.84 39.79 1.16 12.00 7.85 
B 

TURKEY 

0.012 0.002 0.03 0.002 0.02 0.022 

1985 A 0.90 19.22 91.80 2.92 24.21 4.01 
B 0.02 0.28 0.18 0.037 0.35 0.15 

1986 A 0.97 17.60 86.43 3.10 26.36 3.87 
B 0.02 0.41 0.23 0.033 0.44 0.13 

U. K. 

1984 B 0.031 17.60 86.43 3.10 26.36 3.87 

1985 B 0.02 0.41 0.23 0.033 0.45 0.13 

YUGOSIAVIA 

1985 B 0.033 0.035 0.13 0.01 0.11 0.11 

1986 B 0.06 0.03 0.12 0.013 0.10 0.07 

PERU 

1985 A 0.53 0.31 3.5 0.10 1.1 0.33 
B 0.004 0.013 0.01 0.003 0.02 0.013 

A: NUMBER OF PERSONS INJURED 
( THOUSAND ) 

B: FATALLY INJURED 

R. A. - REPORTED ACCIDENTS 
C. A. - COMPENSATED ACCIDENTS 

AGRICUL. - AGRICULTURE 
MANUF. - MANUFACTURING 
ELEC. - ELECTRICITY 
CONST. - CONSTRUCTION 
TRANSP. - TRANSPORT 
INDUST. - INDUSTRIES 
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TABLE 8.5 RATES OF PERSONS INJURED FATALLY AND NON FATALLY 

COUNTRY 
AND 
YEARS 

AGRICUL. 
FORESTRY 
FISHING 

MINING 
INDUST. 

MANUF. 
INDUST. 

ELEC. GAS 
INDUST. 

CONST 
INDUST. 

TRANSP. 
INDUST. 

U. S. A. 

A 47.5 52.4 874.4 259.5 252.4 
1984 B 0.11 0.4 0.80 0.66 0.77 

A 46.2 44.6 857.9 255.98 246.93 
1985 B 0.10 0.26 0.82 0.98 0.73 

VENEZUEIA 

A 0.40 1.22 6.06 0.06 3.11 0.19 1983 B 

A 0.27 0.88 2.85 0.03 0.84 0.08 1985 B 

BAHRIAN 

A 0.02 0.02 0.45 0.03 1.09 0 08 1985 B - 0.002 0.004 0.02 . 0.001 

A 0.012 0.004 0.69 0.06 1.33 1.24 
1986 B 0.001 0.007 - 

CYPRUS 

A 0.07 0.02 0.50 0.011 0 40 0 11 1984 B 0.003 0.003 . 0.006 . 0.003 
C. A A 0.07 0.01 0.50 0.011 0.41 0.10 1985 B 0.001 0.001 0.003 0.002 

HONG KONG 

1985 
A 1 0.02 0.06 25.91 0.56 17.24 4.83 
B 0.001 0.05 0.07 0.05 

uanu - u.... 
A: NUMBER OF PERSONS INJURED 

( THOUSAND ) 
B: FATALLY INJURED 

R. A. - REPORTED ACCIDENTS 
C. A. - COMPENSATED ACCIDENTS 

AGRICUL. - AGRICULTURE 
MANUF. - MANUFACTURING 
ELEC. - ELECTRICITY 
CONST. - CONSTRUCTION 
TRANSP. - TRANSPORT 
INDUST. - INDUSTRIES 
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TABLE 8.6 RATES OF PERSONS INJURED FATALLY AND NON FATALLY 

COUNTRY 
AND 
YEARS 

AGRICUL. 
FORESTRY 
FISHING 

MINING 
INDUST. 

MANUF. 
INDUST. 

ELEC. GAS 
INDUST. 

CONST 
INDUST 

TRANSP. 
IND. 

Cant'd.. 
A 0.06 0.10 28.19 0.43 21.24 5.51 

1986 B 0.001 0.001 0.027 0.002 0.07 0.03 

INDIA 

A - 107.79 0.93 - 0.68 
1984 B 0.30 0.01 - 

INDONESIA 

1984 A 0.351 4.45 0.78 0.17, 0.19 

1985 A 0.603 0.314 3.93 0.10 0.47 0.09 

1986 A 0.57 0.29 6.54 0.12 0.72 0.12 

JAPAN 

1984 B 0.16 0.18 0.48 0.006 1.08 0.35 

1985 B 0.16 0.14 0.47 0.01 0.96 0.36 

1986 B 0.15 0.05 0.43 0.003 0.93 0.36 

JORDAN 

1984 A - 0.31 2.67 1.55 0.61 
B - 0.003 0.004 0.006 0.005 

KOREA R. 

1984 A - 9.57 91.47 0.31 38.09 15.14 
B 0.301 0.552 0.01 0.44 0.32 

1985 1A - 10.55 80.17 0.25 33.69 13.37 

Loam;, u.... 
:r NUMBER OF PERSONS INJURED 

( THOUSAND ) 
B: FATALLY INJURED 

R. A. - REPORTED ACCIDENTS 
C. A. - COMPENSATED ACCIDENTS 

AGRICUL. - AGRICULTURE 
MANUF. - MANUFACTURING 
ELEC. - ELECTRICITY 
CONST. - CONSTRUCTION 
TRANSP. - TRANSPORT 
INDUST. - INDUSTRIES 
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TABLE 8.7 RATES OF PERSONS INJURED FATALLY AND NON FATALLY 

COUNTRY 
AND 
YEARS 

AGRICUL. 
FORESTRY 
FISHING 

MINING 
INDUST. 

MANUF. 
INDUST. 

ELEC. GAS 
INDUST. 

CONST 
INDUST 

TRANSP. 
IND. 

Cant'd.. 
1985 B 0.36 0.46 0.012 0.51 0.30 

1986 A - 10.65 79.81 0.30 33.87 12.81 
B - 0.38 0.45 0.009 0.46 0.27 

MALAYSIA 

1983 A 1 29.24 2.72 60.03 0.32 6.23 1.97 
B 0.09 0.034 0.07 0.008 0.09 0.072 

PHILIPPINES 

1984 A 1 1.45 0.16 2.33 0.011 0.064 0.06 
B 0.002 0.02 0.02 0.001 0.001 

1985 A I 1.96 0.12 2.20 0.022 0.08 0.10 
B 0.004 0.003 0.009 0.001 0.001 

SINGAPORE 

1984 A 0.001 3.23 0.011 1.61 0.032 
B 0.022 0.055 0.001 

1985 A - 2.80 0.03 1.43 0.04 
B 0.02 0.001 0.05 

1986 A - 2.63 0.013 1.09 0.05 
B 0.02 - 0.03 - 

THAILAND 
C. A. 

1984 A 1 0.03 0.60 31.17 0.98 4.09 1.23 
B 0.002 0.02 0.15 0.03 0.08 0.09 

1985 A 1 0.11 0.63 31.10 0.60 3.88 1.21 
B 1 0.007 0.02 1 0.15 0.02 1 0.05 1 0.09 

%pctaaý ý. . 

A: NUMBER OF PERSONS INJU7 
( THOUSAND ) 

B: FATALLY INJURED 

R. A. - REPORTED ACCIDENTS 
C. A. - COMPENSATED ACCIDENTS 

AGRICUL. - AGRICULTURE 
MANUF. - MANUFACTURING 
ELEC. - ELECTRICITY 
CONST. - CONSTRUCTION 
TRANSP. - TRANSPORT 
INDUST. - INDUSTRIES 
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TABLE 8.8 RATES OF PERSONS INJURED FATALLY AND NON FATALLY 

COUNTRY 
AND 
YEARS 

AGRICUL. 
FORESTRY 
FISHING 

MINING 
INDUST. 

MANUF. 
INDUST. 

ELEC. CAS 
INDUST. 

CONST 
INDUST 

TRANSP. 
INDUST. 

Cant, d.. 
A 0.11 0.61 30.04 0.37 2.89 1.08 1986 B 0.01 0.010 0.12 0.02 0.06 0.06 

(AFRICA) 
BURUNDI 

A 0.05 0.004 0.113 0.03 0.6 0 033 1985 B 0.004 0.002 0.005 0.007 . 0.003 

1986 A 0.06 0.001 0.08 0.02 0.07 0.05 
B 0.004 0.007 0.005 

KENYA 

1984 A 0.39 0.03 1.7 0.09 0.77 0.54 
B 0.013 0.001 0.03 0.002 0.031 0.032 

1985 A 0.43 0.03 1.84 0.14 0.75 0.78 
B 0.023 0.004 0.03 0.001 0.03 0.04 

TUMISIE 

1984 A 1.63 3.30 18.53 - 6.20 4.62 
B 0.04 0.02 0.02 0.04 0.01 

1985 A 1.89 3.95 20.3 4.64 4.21 
B 0.05 0.02 0.03 0.03 0.01 

ZIMBABWE 

1985 
A 2.70 2.34 4.45 0.12 0.95 1.71 
B 0.05 0.05 0.03 0.001 0.02 0.03 

1986 A 2.91 20.10 4.46 0.20 0.90 2.1 
B 0.06 0.04 0.24 0.002 0.01 0.03 

A: NUMBER OF PERSONS IWJU-RED 
( THOUSAND ) 

B: FATALLY INJURED 

R. A. - REPORTED ACCIDENTS 
C. A. - COMPENSATED ACCIDENTS 

AGRICUL. - AGRICULTURE 
MANUF. - MANUFACTURING 
ELEC. - ELECTRICITY 
CONST. - CONSTRUCTION 
TRANSP. - TRANSPORT 
INDUST. - INDUSTRIES 
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TABLE 8.9 RATES OF PERSONS INJURED FATALLY AND NON FATALLY 

COUNTRY 
AND 
YEARS 

AGRICUL. 
FORESTRY 
FISHING 

MINING 
INDUST. 

MANUF. 
INDUST. 

ELEC. GAS 
INDUST. 

CONST 
INDUST 

TRANSP. 
INDUST. 

ARGENTINA 

A 0.60 2.90 62.92 1.80 10.54 14.85 
1984 1B 

- 0.017 0.040 0.012 0.02 0.05 

COSTA RICA 

A 18.25 0.15 20.86 2.00 6.50 3.91 
1985 B 0.010 0.009 0.003 0.004 0.02 

CUBA 

A 5.61 28.011 0.351 7.10 5.65 
1985 B 0.033 0.105 0.009 0.057 0.073 

A 5.35 28.91 0.36 7.10 5.79 1986 B 0.03 0.111 0.006 0.056 0.063 

CHILE 

A 10.48 5.12 36.89 1.101 18.01 8.31 
1985 B 0.02 0.022 0.02 0.033 0.01 

EL SALVADOR 

1985 1A 0.40 0.05 4.33 0.21 1.013 0.59 

GUATEMATA 
C. A. 

A 14.77 0.17 5.71 2.17 0.411 0.99 
1985 B 0.013 0.001 0.003 0.002 0.001 

A 15.17 0.16 6.54 0.314 2.06 1.50 1986 B 1 
0.031 0.002 0.002 0.003 0.001 0.002 

A: NU14BER OF PERSONS INJURED 
( THOUSAND ) 

B: FATALLY INJURED 

R. A. - REPORTED ACCIDENTS 
C. A. - C014PENSATED ACCIDENTS 

ACRICUL. - AGRICULTURE 
MANUF. - MANUFACTURING 
ELEC. - ELECTRICITY 
CONST. - CONSTRUCTION 
TRANSP. - TRANSPORT 
INDUST. - INDUSTRIES 
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TABLE 8.10 RATES OF PERSONS INJURED FATALLY AND NON FATALLY 

COUNTRY 
AND 
YEARS 

AGRICUL. 
FORESTRY 
FISHING 

MINING 
INDUST. 

MANUF. 
INDUST. 

ELEC. GAS 
INDUST. 

CONST 
INDUST 

TRANSP. 
IND. 

MEXICO 
A 13.00 16.00 229.00 5.00 10.00 29.00 

1985 B 0.05 0.04 0.18 0.02 0.04 0.17 

JAMAICA 

A 0.32 0.02 0.75 0.058 - 0.09 1984 B 

PANAMA 

A 9.55 0.032 6.32 0.17 1.62 0 28 1985 B 0.009 0.008 0.002 0.005 . 

A 6.53 0.026 5.86 0.09 1.75 0 27 1986 B 0.002 0.003 0.001 0.004 . 0.001 

BERZILE 

A 0.333 0.085 0.013 0.054 0.013 1985 B 0.004 - 0.001 0.001 

BOLIVIA 

1985 A - 1.99 0.093 0.006 0.011 0.008 
B 0.016 0.003 0.004 0.003 

1986 
A 1.34 0.006 0.007 0.003 0.010 
B 0.010 0.001 - 0.002 

A: NUMBER OF PERSONS INJURED 
( THOUSAND ) 

B: FATALLY INJURED 

R. A - REPORTED ACCIDENTS 
C. A. - COMPENSATED ACCIDENTS 

ACRICUL. - AGRICULTURE 
MANUF. - MANUFACTURING 
ELEC. - ELECTRICITY 
CONST. - CONSTRUCTION 
TRANSP. - TRANSPORT 
INDUST. - INDUSTRIES 
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TABLE 9.1 RATES OF FATAL INJURIES BY INDUSTRIES 

COUNTRY 
AND 
YEARS 

AGRICUL. 
FORESTRY 
FISHING 

MINING 
INDUST. 

MANUF. 
INDUST. 

ELEC. GAS 
INDUST. 

CONST 
INDUST 

TRANSP. 
IND. 

ARGENTINE 

1984 0.520 0.080 0.240 0.250 0.320 

TUNISE 

1985 0.009 0.180 0.033 0.052 0.10 

CUBA 

1985 0.087 0.118 0.48 0.20 0.34 

1986 0.065 0.120 0.31 0.19 0.28 

GUATEMAIA 

1985 0.060 0.48 0.04 0.14 0.05 

1986 0.130 0.79 0.03 0.26 0.06 0.09 

MEXICO 

1985 0.30 0.47 0.08 0.23 0.33 0.43 

U. S. A 

1984 0.082 0.207 0.023 0.114 0.085 

1985 0.075 0.156 0.023 0.154 0.080 

CYPRUS 
1985 0.50 0.35 0.044 

RATES PER 1000 WORKERS 

EXPOSED TO RISK 

- NO DATA AVAILBLE 

AGRICUL. - AGRICULTURE 
MANUF. - MANUFACTURING 
ELEC. - ELECTRICITY 
CONST. - CONSTRUCTION 
TRANSP. - TRANSPORT 
INDUST. - INDUSTRIES 
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TABLE 9.2 RATES OF FATAL INJURIES BY INDUSTRIES 

COUNTRY 
AND 
YEARS 

AGRICUL. 
FORESTRY 
FISHING 

MINING 
INDUST. 

MANUF. 
INDUST. 

ELEC. GAS 
INDUST. 

CONST 
INDUST 

TRANSP. 
IND. 

JAPAN 

1985 0.110 0.94 0.010 0.010 0.050 0.020 

1986 0.030 0.250 0.010 0.010 0.010 0.020 

MALAYSIA 

1984 11.250 0.800 1.180 1.630 4.880 

PHILIPPINES 

1984 0.025 0.274 0.077 0.688 0.800 - 
1985 0.044 0.056 0.053 - 0.032 

AUSTRIA 

1984 0.585 0.635 0.127 0.183 0.457 0.368 

1985 0.500 0.461 0.105 0.240 0.420 0.539 

SPINE 

1985 0.119 0.811 0.136 0.220 0.296 0.362 

1986 0.145 0.551 0.124 0.209 0.300 0.295 

FINLAND 

1985 0.047 0.778 0.043 0.044 0.078 

1986 0.170 0.334 0.044 0.034 0.116 0.099 

RATES PER 1000 WORKERS 

EXPOSED TO RISKS 

AGRICUL. - AGRICULTURE 
MANUF. - MANUFACTURING 
ELEC. - ELECTRICITY 
CONST. - CONSTRUCTION 
TRANSP. - TRANSPORT 
INDUST. - INDUSTRIES 
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TABLE 9.3 RATES OF FATAL INJURIES BY INDUSTRIES 

COUNTRY 
AND 
YEARS 

AGRICUL. 
FORESTRY 
FISHING 

MINING 
INDUST. 

MANUF. 
INDUST. 

ELEC. GAS 
INDUST. 

CONST 
INDUST 

TRANSP. 
IND. 

W. GERHANY 

1984 0.250 0.320 0.100 0.280 - 
1985 0.240 0.400 0.080 0.240 

ITALY 

1985 0.011 0.160 0.030 0.050 0.180 0.140 

NETHERLAND 

1985 0.014 0.111 0.023 0.045 0.028 

NORWAY 

1985 0.160 0.050 0.030 0.270 0.080 0.120 

SWEDEN 

1985 0.050 0.040 0.030 0.020 0.040 0.020 

U. K. 

1984 0.091 0.192 0.023 0.040 0.097 0.035 

1985 0.068 0.189 0.021 0.023 0.106 0.037 

RATES PER 1000 WORKERS 

EXPOSED TO RISKS 

AGRICUL. - AGRICULTURE 
MANUF. - MANUFACTURING 
ELEC. - ELECTRICITY 
CONST. - CONSTRUCTION 
TRANSP. - TRANSPORT 
INDUST. - INDUSTRIES 
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