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Among the available methods for the analysis of accidents/injuries, the “Learning from Mistakes” approach
and the STEP method (Sequential Timed Events Plotting) have been used to analyze a typical accident,
which often occurs, in which have been involved several workers that entered in a confined space
containing toxic and/or inert gases, causing the workers death. A critical analysis of the investigated
methods has been performed in order to identify the best available methodology; in particular, it was
evidenced a problem of events representation with the “Learning from Mistakes” method because the
entire sequence of the events that led up to the accident is represented in a linear way, on a same column,
by this approach making difficult to relate events that took place simultaneously. The STEP method allows,
on the other hand, a good description of the events sequence making possible to organize events related
to the different workers/subjects in rows and taking into account simultaneously all aspects and issues that
characterize it.

1. Introduction

The problem of accidents at work has a great importance in the EU countries; in 2005, in the EU-15
community, there were about 4 million accidents with more than three days' absence from work (EU,
2009). Considering ltaly, there are nearly one million of accidents per year of which about a thousand
produce fatalities (INAIL, 2010). In social terms, the injury has a direct impact on workers who suffer
(injury, temporary or permanent loss of vital functions, death) and the consequences in terms of costs for
the society; INAIL (National Institute for Insurance against Accidents Labour) estimated a cost of about 48
billion euros for accidents at work in 2007, of which 40.4 for injuries. From this point of view is of
fundamental importance the harmonization of criteria and methods for the analysis of accidents.

The accident analysis shows that in general their occurrence depend rarely from a single cause, but by
many related factors. Many analytical methods have been developed in recent years (Woodcock et al.,
2005), each has a specific area of application; it is sometimes useful to use multiple methods to analyze
an event (Katsakiori et al., 2009). Some methods are particularly useful for collecting data, others are
useful to give an overview of what has happened.

A typical accident, which often occurs, is the one which involves workers that enter in a confined
environment containing toxic or inert gases, causing the workers death. One of these accidents, that
occurred into an electrical arc furnace (EAF) during maintenance operation, has been analyzed in this
paper through different methods for accident investigation with the aim to identify the best methodology for
the accident reconstruction.

2. Methods for accidents investigation

An important aspect of the method is the ability to describe in detail all phases that characterized an
accident. A good risk analysis technique must allow to recognize and describe the individual factors
contributing to the occurrence of the investigated accident, to assess the role played by each factor, both
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individually and in relation with other factors, and to understand the whole accident dynamics, identifying
the logical-temporal sequence that produced the event.

For the application of the method is, therefore, necessary to:

« collect information in a clear and structured way;

« reconstruct a detailed and accurate picture of the real dynamics of the accident;

« represent both the dynamics and the factors that have caused the accident;

« identify corrective measures able to affect the factors that are considered the accident causes.

Several models and theories have been proposed (Kjellen, 2009) and tested (Nano and Derudi, 2012) in
the literature for the accidents analysis. Among the available methods for the analysis of accidents/injuries
(Sklet, 2004), the “Learning from Mistakes” approach and the STEP method (Sequential Timed Events
Plotting) have been used to analyze the case-study.

2.1 “Learning from Mistakes” approach

The first release of the “Learning from Mistakes” (originally named “Sbagliando Si Impara”, SSI) model is
the product of an lItalian national project developed by ISPESL (Italian Institute for Prevention and Safety
at Work) in 1992 in order to guarantee a homogeneous collection of information concerning accidents at
work. This procedure was defined on the basis of both the international literature (Laflamme, 1990) and
the ltalian knowledge about safety at work (CCM, 2003).

The “Learning from Mistakes” model considers separately the concepts of accident and injury, the latter
being a subset in the wider category of incidents (Campo et al., 2006). Accident is considered any event in
which there is rapid and unintentional release, transformation or inappropriate application of energy that
causes (or is potentially able to cause) unwanted effects such as damages to persons or property. An
accident takes the status of an injury when the three following conditions are realized: it causes a damage
of clinical relevance to one or more persons, the damage comes from an exchange of energy and there is
a very short time interval between the time at which the energy exchange takes place and the one where
the damage is established. With this technique, it is therefore possible to define the injury (Figure 1a) as
an energy exchange between the environment and workers; this exchange can occur with an energy
transfer (liberation, transformation) or at constant energy (improper application).

Any accident is analyzed in detail, each item is identified or listed as Determinant or Modulator.

(A) (B)

INJURY INJURY
ﬁ Modulator | A Ij
ENERGY ENERGY
EXCHANGE EXCHANGE
ﬁ Modulator|: A IJ_—IA
ACCIDENT ACCIDENT
Unintentional Unintentional
Release/Transfer or Improper Release/Transfer or Improper
Application of energy Application of energy
CAUSES [ stete |
(Determinants) CAUSES
A Process (Determinants)

Figure 1: sketch of the “Learning from mistakes” analysis.
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Each item that contributes to determine the accident is classified as a determinant; all that is irrelevant to
modify the probability of occurrence of the accident, but it is able to affect the damage is considered to be
a modulator. A modulator (Figure 1b) acts on the energy transfer and/or on the magnitude of the damage;
a modulator may avoid, decrease or increase a possible damage.

The model traces the accident occurred starting from the exchange of energy that caused the damage,
going backward through the chain of past events that where involved in the accident.

2.2 STEP technique

The STEP technique (Hendrick and Benner, 1986) provides a reconstruction of the process by plotting the
sequence of events/actions that contributed to the accident. The main concepts in STEP are the initiation
of the accident through an event or change that disrupted the technical system, the agents which intervene
to control the system (e.g. equipment, monitoring systems, workers, automatic controllers), and the
elementary “event building blocks”. The accident is commonly developed on different planes (multi-linear
events) that refer to different agents and simultaneous situations; all the events are logically connected
during the process (Herrera and Woltjer, 2010).

A STEP chart (Figure 2) can be prepared to represent the evolution of events, actions and system
interventions (on the horizontal axis, from left to right) performed by the agents (on the vertical axis).
Agents are human or inanimate objects that change their states or interact to create events leading up to
the accident outcome. The STEP diagram may also include mitigation events after the accident. The first
stage in STEP involves the definition of the beginning and end states of the accident. This bounds the
scope of the investigation from the first event that deviated from the planned technical process to the last
harmful event in the accident. Then, the main events/actions that contributed to the accident must be
identified and their “event building blocks” must be constructed; typical content of these blocks can be the
time at which the event/action started, its duration, the agent which caused the event/action, the
description of the event/action. In the second stage, the events/actions blocks are inter-connected with
arrows the recreate, with a systematic approach, a sequence of events which produces a comprehensive
description of the accident dynamics. All the events should have incoming and outgoing arrows which
show “precede” and “follow” relationships between events/actions. Converging arrows show dependencies
between events while divergent arrows show the impact on following events. Measures for preventing an
accident can be identified in terms of causal links that could be blocked and “missing” links to events with a
prevention capability. STEP provides an overview of the timing and sequence of actions that contributed to

the accident.
VANEANEAN

Time
Agents >
Agent A Event 1 > Accident
Agent B Event 2 » Event 3
Agent C » Event 4
| =
Accident Description

Figure 2: sketch of the STEP representation.
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3. Results and discussion

The two above mentioned methods have been used to analyze a complex accident that involved four
people, two of which died.

3.1 Case-study

The accident occurred in the melting area of an electric steelmaking company where there was an electric
arc furnace (EAF); the EAF was equipped with three porous plugs, located on the bottom part of the
furnace, for blowing Argon into the molten bath so as to homogenize the steel.

The furnace was turned off and put in safe conditions to allow maintenance operations; among the
operations required to secure the furnace there was also the shut off of the Argon supply to the furnace.
These safety operations were in charge to the maintenance manager, worker (A), who did all the required
activities. To allow the maintenance work, both the charge and the slag doors of the furnace were opened.
Thirteen days after the safety operations, three workers (A, B, and C) did an inspection into the furnace for
planning properly the maintenance work. Before going into the oven, worker (B) checked that the Argon
valve was closed; during this inspection, worker (C) squatted twice to collect some materials from the
bottom of the furnace, without having any inconvenience.

The day later, the maintenance manager, worker (A), and worker (D) were seen outside the furnace ready
to perform the maintenance intervention; after about 20 minutes, they were found dead inside the furnace.
Once they have entered in the furnace, they began to make repairs on the upper part of the oven (time
estimated for the activity: 10-15 min); at a certain point, one of the workers, probably (D), squatted to
change the disk of the grinding wheel. Because the Argon valve has been opened (it was not possible to
know who carried out this operation), the bottom of the furnace (between the floor and the slag door,
located at about 1.3 m from the sole) was saturated by the gas, given that it is heavier than air. Under
these conditions, in a low oxygen environment, worker (D) lost consciousness and his death occurred
within a few moments. Worker (A) saw probably his colleague on the ground, he knelt to help him but he
lost consciousness and then died.

3.2 Analysis with the “Learning from Mistakes” method
The graphical representation of the accident with this method (Figure 3) is difficult and largely incomplete,
the causes of the accident can be easily represented but this is not the case for the temporal dynamics.

INJURY Death of the workers

a

ENERGY The workers squat and breathe
EXCHANGE in an low oxygen atmosphere

a

ACCIDENT Argon saturated the heart
of the furnace

CAUSES

Someone opened
the Argon valve F1

a

The Argon valve was not in

F1 a lock closed condition

Figure 3: case-study analysis with the “Learning from mistakes” approach.
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Once the bottom of the oven is saturated of Argon, there are no possible modulators apart from the use of
oxygen detectors; on the other and, considering that the furnace doors were open and that the furnace
was inspected the day before without problems, it was reasonable to do not consider the use of the gas
detectors. This risk analysis approach seems to be more effective in representing mechanical accidents,
involving only one worker and occurring with a linear dynamics.

3.3 Results with the STEP method

Using this methodology, it is possible to obtain a complete graphical representation of the accident (Figure
4) and the events dynamics is also very well described.

All the events prior to the one represented by the triangle symbol labelled 1 show that all the operations
were carried out correctly; the opening of the Argon valve was ascribed to a person who has never been
identified and this highlights two critical issues: the missing block of the Argon valve in a lock closed
position during the operations inside the furnace and the lack of coordination among workers that have
different assignments in that working area.

The events represented by the triangle symbol labelled 2 have been crucial in causing the death of the
workers, who probably did not have been trained on the risk of oxygen-deficient atmospheres.

A AL

1 1
Agents ! F=T73
He secures He enters : He enters 1 He squats The
the furnace the — the : »| tohelpD |—i»| worker
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1
oo -1 - - -
A 4 l l
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the | without revealing |1 1 |
furnace problems : :
1 1
' ]
: He enters He The
1 the > squats »| worker
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Electric The furnace is The Argon Argon saturated
Arc in safe »| valve is open || the bottom of the
Furnace conditions furnace

Figure 4: case-study analysis with the STEP method.

4. Conclusions

Two risk analysis methods have been tested for the investigation of a complex accident in which to 2
people were mainly involved and died; some critical issues have been evidenced. In particular, it was
evidenced a problem of events representation with the “Learning from Mistakes” method because the
entire sequence of the events that led up to the accident can be represented by this approach only in a
linear way, thus making difficult to relate events that took place simultaneously. Moreover, this technique
did not allow to describe independently the actions of few workers.

The STEP method allows, on the other hand, a good description of the events sequence making possible
to organize events related to the different workers/subjects in rows and taking into account simultaneously
all aspects and issues that characterize it. In the same chart, the points in which main events had effect
can be highlighted.
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