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Summary: In the literature and practice, the unplanned and unexpected event is defined as an accident. The consequences of an accident may be manifested in the form of worker injury, the termination of a technological process and/or damage to the material and natural resources. The risk is any real or potential condition that can cause an accident, that is, the risk is a prerequisite for the accident. The prevention of accidents is achieved by elimination, control and other measures to reduce risk. The main objective of the security and safety at work is to protect man from injuries, damages and health disorders. Knowing the causes of accidents at work is a prerequisite to protect and to act preventively to avoid realization of the accident. 
Many engineering methods are used in the analysis of causes and consequences of errors that affect the quality, reliability and safety of the work process. An often-used and efficient method is cause-effect. The paper presents a Root Cause Analysis (RCA) method and its application for the detection of underlying causes of accidents at work in the real system.
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1. INTRODUCTION 
In today's relation man - machine - working environment, there is a risk that man causes accidents due to his actions and this may result in injury, damage or other loss. For experts in the field of occupational safety one of the most acceptable definitions of accidents at work is as follows: "An accident at work is an unplanned event that happened at work, as a result of irregular processes or conditions which expose persons or material elements to a risk of injury or damage "(4(. The concept of occupational accidents emphasizes the link between accidents and injuries as well as their possible consequences. Further, it eliminates the fatalistic component, given that accidents are not caused by unpredictable effects of force majeure, but they are the result of overall subjective and objective causes (2(.

It is of major importance to determine the dominant causes of accidents in order to undertake preventive and corrective actions. System security and safety at work is to design preventive actions that will prevent accidents at work. First, accidents with possible worker injuries should be prevented. By applying the system of security and safety at work, corrective measures are undertaken to mitigate the consequences of an accident. In order to successfully prevent accidents, it is not enough to study only the events that result in injuries, but also events that pose a potential danger in the work process.

2. CAUSES OF ACCIDENTS AT WORK


Research shows that there are a number of factors, of objective and subjective nature, which can be direct and indirect causes of accidents in different work situations. The complex circumstances and event conditions necessitate application of the basic rules for determining the cause of an accident at work:

· Complexity - discover all the possible causes;

· Connectivity - discover the chain of causes from effects to the source of the problem;

· Hierarchy - define basic (key) cause.

Causes of accidents are often grouped in the literature as follows (1(:

· causes dominated by human (subjective) factor, which refers to the personality of workers,

· objective reasons relating to the degree and duration of objective danger and are related to the work environment.

The conditions and requirements that the work itself or the working environment imposes on man often lead to disharmony in the system man - machine - working environment. But sometimes personal traits of workers are not in accordance with the requirements of certain types of work, as well as characteristics of a workplace may be such that they do not correspond to  physical and psychological characteristics of workers. Usually there is a co-relation of both factors on the challenging behavior of workers, so the main causes are non-compliance in the workplace, it may be considered that man is responsible because he designs, produces and uses the proceeds to work under certain conditions of a working environment.

In the literature and practice, there are different classifications of accidents and injuries at work depending on the degree of safety and risk in the workplace (e.g. office work, construction, metal industry, etc.). Therefore, the distinction made between subjective and objective factors, as those responsible for the occurrence of incidents, should be understood as relative because of their complex mutual influence.

3. METHODS FOR DETERMINING THE CAUSE OF ACCIDENTS AT WORK


Engineering methods are used to improve the quality, reliability and safety of the process by analyzing the causes and consequences of errors in the working environment system. Engineering methods, tools and techniques that are used in practice for the identification of risk factors and causes of disorders in security systems of operation are as follows:

· Fishbone Diagram - Cause-Consequence Diagram or Cause-and-Effect Diagrams

· Root Cause Analysis - RCА 

· Pareto Analysis

· Cause-Consequence Analysis - CCA 

· Preliminary Hazard Analysis - PHA 

· Fault Tree Analysis - FTA 

· Quantitative Risk Analysis - QRA 

· Workplace Risk Assessment & Control - WRAC 

· Faulire Mode Effects and Consequence Analysis – FMECA.

3.1. THE RCA METHOD FOR DETERMINING THE CAUSES OF ACCIDENTS AT WORK
Root Cause Analysis - RCA was primarily developed and designed to be an aid to engineers at improving the quality, reliability and safety of technical systems and their components, within a proactive approach. RCA is a methodology sequence of logical steps or stages of the process that will lead to the isolation and elimination of the underlying causes of the accident. Advantages of this method include:

· Improvement of reliability, availability, quality and safety,

· Permanent elimination of potential causes of accidents,

· Placing emphasis on a proactive approach,

· Minimized costs,

· The creation of teams and the exchange of ideas.

This method is specific in that it is applied when an accident has already occurred. The main advantage of the method, in terms of safety at work, is that it examines the risks that have occurred and shows the relationship between the cause and effect.
The process of application can be divided into basic steps, which should lead to the desired objective through the analysis and evaluation, namely:

· To define the problem, i.e. accident accurately and clearly, 

· To collect all necessary information,

· To ask the question WHY until the basic cause related to the problem (accident) is reached, 

· To identify corrective actions that could eliminate the cause of the problem (strategies),

· To identify concrete solutions that will lead to the permanent removal of the cause (tactics),

· To implement the proposed maintenance activities of monitoring applied solutions to the problem.
The action against the causes of the problem is a solution for a long-term process improvement, as opposed to the action on the consequences where there remains a possibility that the problem persists. The question about the cause of the event is repeated by setting a series of questions "Why" until the cause is defined and the likelihood of realization of the event re-established. Discovering the fundamental cause of the event requires answers to the following questions:

· What happened?

· Where did it happen?

· Who was involved?

· When did this happen?

· How did this happen?

· What is the consequence?

· What has changed?

· Can it happen again?

· If so, how can it be prevented?
Figure 1 shows a diagram presented for the analysis of causes of accidents at work, as an aid in the application of RCA method. The diagram provides an overview of the possible causes of occupational accidents resulting from the analysis of accidents in the reporting enterprise.
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Fig. 1 Analysis of the causes of accidents at work 

The RCA method was applied to an accident resulting from the dump truck rollover when it was "tipping" material. In this case, the high potential of accident was avoided and accident ended without injuries. The truck driver did not follow the procedure regarding soil tipping (in the zone of 10 m from the edge of the landfill) and tipped the material 6 m away from the edge, which was not secured, while the substrate material did not have sufficient hardness. During the tipping truck wheels "sunk" into the material, and after the truck body was raised to half, the truck rolled over on the driver's side, Figure 2. The driver did not have his seat belt fastened, even though he was instructed to use it. He also received an instruction, the so-called "golden rules" document about tipping, had his training as a truck driver completed and was authorized to drive by the head of the landfill. 

[image: image3.jpg]



Fig. 2 The truck was parking 6 m from the edge well within the 10 m exclusion zone

Figure 3 shows the RCA analysis of the causes of the accident. It is concluded that the main cause of this accident was human factor, which refers to the personal characteristics of workers.
[image: image4.png]Dessrane ot

Communcaton:
Iformsson

nececsary for
et e

om0

S Cause o events

S processna wousaendangueasatey
coen

=T cavse ofine scotent





Fig. 3 Root causation
After determining the basic causes, preventive and corrective measures are designed in order to prevent the recurrence of accidents. Recommendations after the RCA are that the earthworks at the landfill should be suspended until all the workers on the earthworks are re-informed about the risk assessment and safe work procedures and until they fully understand and accept them.
4. CONCLUSION 
The application of engineering methods and techniques to identify risk factors and possible causes is an irreplaceable method in solving problems in all areas of human activity. Working conditions are safer if the accidents at work are reduced to a minimum. Discovering the causes of accidents and risk assessment enables the control of the effectiveness of the safety and health at work and management of the system, with the least possibility of an accident.
The RCA method is applied for the detection and the analysis of the root causes of these problems and unwanted accidents in the organization in order to define the preventive and corrective measures for the improvement of processes with increased risk. By analyzing the underlying causes through three stages, data are collected, their analysis performed and the identified causes are finally validated.
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