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Abstract

Accident analysis contributes much to improve the safety management of en-
terprises. The Human Factors Analysis and Classification System (HFACS) is
an accident analysis method popularly used overseas. Based on HFACS analy-
sis method, this paper presents a new accident analysis method combining
HFACS with Accident Causality Diagram. On the basis of the clear descrip-
tion of basic events’ causal relationship in the accident, the new approach ap-
plies HFACS to evaluate the basic events leading to accident, which over-
comes the deficiency of HFACS that the ultimate analysis result is not clear
enough to understand due to the lack of the association between basic events
and the events at other levels in the accident. The new method is used to ana-
lyze the collision accident of two vehicles in mining area. It can be concluded
that HFACS based on Accident Causality Diagram is feasible and it helps to
find out the main reasons that lead to accident and thus to take proper meas-
ures to prevent the occurrence of similar accidents.
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1. Introduction

Accident analysis is to learn lessons and formulate corresponding measures to
prevent the occurrence of similar accidents. According to Shappell and Wieg-
mann, the challenge for accident investigators and analysts alike is how to best
identify and mitigate the causal sequence of events, in particular, 70 - 80 percen-
tage associated with human errors [1]. So it is of great practical significance to
concentrate on more effective human error analysis methods to improve the

quality of accident analysis.

There are two aspects of accidents. One is about natural science that accident
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is a natural phenomenon occurring at a certain time and in a certain place, the
conditions and influences of which follow the scientific principle in nature. The
other is about social science that accident is the description of a series of events
referring to human factors, and usually the event at a heavy cost is defined as the
accident. After the analysis for the aspect of social science, the conclusion drawn
from natural science analysis can be used to determine accident time line and
the importance degree of events on causing accident. Regardless of the purpose
of accident investigation, investigation should be focused on a clear under-
standing of the sequence of events [2]. Accident analysis is divided into two
parts: accident process should be clear at first, and then a proper method to ana-
lyze and evaluate the accident is adopted, which contributes to find the causes of
the accident in human, organization, and other aspects. Whether to adopt graph
for describing accident or not is usually the first element to consider, because
graph enables the clear description of accident by which the investigators can
identify errors and avoid omissions. At the same time, graph facilitates the
communication among investigators. Accident Causality Diagram (hereafter,
ACD) based on Accident Tree Analysis [3] takes advantage of describing acci-
dent by graphs. Based on the accident causality diagram, a variety of accident
analysis methods can be used. This paper adopts HFACS that is widely ac-
knowledged in the world. HFACS still has some problems in that it does not
specify for unsafe acts it points to, especially when analyzing complicated acci-
dents. Thus, using HFACS merely cannot elaborate the relationship of each
event leading to accident. However, a combination of HFACS with ACD elimi-
nates the shortcomings.

Thus, this paper combines Accident Causality Diagram with HFACS and puts

forward a new accident analysis method to carry out accident analysis effectively.

2. The Human Factors Analysis and Classification System
(HFACS)

The theoretical framework of HFACS is shown in Figure 1 [4].

Based on “Swiss Cheese” model proposed by James Reason in 1990, American
scholars Shappell and Wiegmann came up with HFACS in 2000. Most of the ac-
cidents are caused by unsafe behaviors of field personnel. HFACS divides the
causes into four levels: unsafe acts, preconditions for unsafe acts, unsafe supervi-
sion, and organizational influences. HFACS was first developed for the aviation
accident investigation. In the last decade, HFACS was not only successfully ap-
plied in the aviation [5] [6], but also in the mining industry [7] [8] [9], construc-
tion industry [10] and marine accident [11] [12]. Recently, Soner and Asan used
HFACS combined with Fuzzy Cognitive Mapping and proposed a HFACS-FCM
model to predict and eliminate the root causes behind the frequently repeated

deficiencies on board ships [13].

3. Draw of Accident Causality Diagram

According to the deficiency of the present accident analysis (like HFACS and so
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Figure 1. The taxonomies of HFACS.

on), the paper puts forward Accident Causality Diagram. This method, based on
Accident Tree Analysis and investigation report, divides the events leading to an
accident into top event (an overview of the accident itself), intermediate events,
and basic events. And the method uses diagrams to express the causal relation-
ship among events.

The drawing consists of two steps: the first step starts from a rectangular
frame, that is, the accident itself is briefly described firstly, and the measures
taken before and after the accident as well as the impact of the accident are ex-
pounded. For a more complex accident, if the content of the events, the emer-
gency rescue measures or the impact is too much, you can then draw a rectan-
gular box with two-point form of straight-line (Attribute line) to elaborate the
subsequent events. The second step leads to the follow-up text box through the

intermediate arrow form of straight-line (Causality Arrow). The text box con-
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tains events, direct and indirect causes of the accident. Because the accident is
generally caused by the coupling of multiple events or causes, the text box is
likely more than one. While drawing ACD, we focused on the elaboration of ac-
cident and events causing the accident, and we use the diagrams and lines to de-
scribe the accident as well as the causes and events before and after the accident,
which can make the process and the causality clearer. The contents included in

the drawing are shown in Table 1 [14].

4. Case Study

In this paper, according to the accident investigation report [15] of United States
Department of Labor’s Mine Safety and Health Administration, HFACS method
based on ACD is used to analyze the accident in Kayenta Mine Peabody Western
Coal Company Black Mesa, Navajo County, Arizona, America. The accident

scene is shown in Figure 2.

4.1. Understand the Accident Process through Accident
Investigation Report

On February 11, 2011, at approximately 2:00 p.m., Black (victim, fuel truck
driver), a 55-year-old serviceman with 30 years mining experience, died from a
fire resulting from the collision of two vehicles at the J21 Pit, Ramp 38 area of
the Kayenta Mine.

Table 1. The contents and meaning of accident causality diagram.

Name Graph Meaning

The text box contains a description of the incident or a
further description of the event.

Causality . B The causality arrow indicates that the event B leads to the
arrow event A.

Attribute - -E The attribute line indicates that the event B is a further
line description of the relevant features of event A.

Text box

L <

Fuel/Service Truck M(S)del 631E
Driven By Victim : | craper

¥

=]

Figure 2. Accident scene.
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Several scrapers were operating on the same haul road in a topsoil removal
operation. The scrapers ran on the two-way, right-hand road. The accident oc-
curred as Black was driving a combination fuel/service truck on a two-way haul
road between ramps 40 and 38 after servicing equipment around the mine site. A
scraper was being driven, traveling in the opposite direction on the haul road.
Due to a high berm blocking his view of possible intersecting traffic on the right
side, scraper operator drove on the left side of the road when entering the haul
road. At the same time, the scraper’s bowl control lever was not working prop-
erly and contributed to the operator not having full control of the vehicle. Then
the scraper operator turned back to look at the bowl to see if it had lowered.
When he turned back around, he saw that the fuel truck driver’ head was down
and it was too close to avoid the collision. Then the scraper and the fuel truck
collided and the service truck caught fire. After the collision, the scrape operator
got off the car right away and extinguished the fire with his colleagues. But the
fire was not controlled and the fuel truck driver didn’t escape timely. As a result,

the fuel truck was burned and the driver died.

4.2. Drawing Accident Causality Diagram as Shown in Figure 3

According to the description of the investigation report, this accident can be de-
fined as “the collision of the scraper and fuel truck led to a fire, and then the fuel
truck driver died”. There are two direct causes: Al “the collision of the scraper
and fuel truck led to a fire” (it can be further cut into two events: B1 “the scraper
and the fuel truck collided” and B2 “the fuel truck was on fire”); A2 “the fuel
truck driver died” (it is caused by three events: B3 “fuel truck driver did not
make an escape response in time”, B4 “colleagues chose to put out the fire firstly
instead of saving the driver” and B5 “the extinguishing failed”).

The two text boxes drawn are developed around A1“the collision of the scra-
per and fuel truck led to a fire” and A2 “the fuel truck driver died” respectively.
Taking B1 “the collision of the scraper and the fuel truck” as an example, the
causes of this event are as follows: C1 “the situation of the crossroad” (D1 “a
high berm blocking scraper operator’s view”, D2 “he drove on the left side of the
haul road”, and D3 “drivers are not informed of the front situation resulting
from inadequate broadcast system”). C2 “the fuel truck driver did not take eva-
sive action while scraper operator had no time to turn” (D4 “the scraper’s bowl
control lever was not working properly, so the operator did not look straight
ahead”, D5 “the fuel truck driver’ head was down”, D6 “No whistle”). B2 “Lead-
ing to a fire” has two causes as well: C3 “impact or electrical appliances shortcut
produced fire source”, C4 “the impact strength led to the gas leak”. C3 and C4
events have always been enough small independent events, thus it can be re-
garded as basic events.

From the analysis above, the top event of the collision of the two vehicles is
“the collision of the scraper and fuel truck led to a fire, and then the fuel truck
driver died”. The intermediate events are Al “the collision of the scraper and
fuel truck led to a fire and A2 “the fuel truck driver died”. There are 11 basic
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events, including “at the turning, a high berm blocked the scraper operator’s

»  ««

view”, “The scraper operator drove on the left side of the haul road” and so on.

4.3. Analysis of Basic Events Using HFACS as Shown in Figure 3

D1. The berm at the intersection affects the traffic. It is the physical environment
of environmental factors.

D2. Due to a high berm blocking his view, scraper operator drove on the left
side of the road when entering the haul road, violating the two-way, right-hand
traffic rule. It was obvious that the violation was repeated violations, rather than
short-term act.

D3. The two vehicles arrived at the crossroad at the same time, but either of
the drivers did not realize the front traffic situation. The broadcast signal of the
area was not good, so the communication between them was poor, which be-
longs to the level of organizational climate.

D4. The bowl control lever was not working properly when the scraper was
slowing down, and scraper operator turned back instead of looking ahead. Fail-
ure to allocate his attention properly is a skill-based error. Scraper operator
turned back resulting from his overconfidence for driving, which belongs to ad-
verse mental states. And the failure to operate lever is the technological envi-
ronment of environmental factors. There were problems with the bowl control
lever repeatedly, but the supervisor did not help the scraper operator fix the lever
in time, which is the failure to correct the problem.

D5. Fuel truck driver’ head was down, which was abnormal, and it was in-
ferred that it was a sudden act caused by adverse physiological state.

D6. The two drivers did not whistle and did not take evasive action. It is a
skill-based error. The drivers did not fully inform their location, and it was per-
sonnel factors-crew resource management. At the same time, it exposed that the
company did not have the regulation that the staff should remind others when
entering an area, and it was organization process.

C3, C4. Impact or electrical appliances shortcut produced fire source, which
was the technological environment.

B3. After the collision, the fuel truck driver did not react to the call of the col-
leagues because of his adverse mental state.

B4. Colleagues chose to put out the fire firstly instead of saving the driver. The
workers chose mistakenly when facing with the emergency, and it was decision
error, which exposed the problem of inadequate training belonging to personnel
readiness of personnel factors. If the company had provided with professional
guidance and training for staff, this situation would have not happened, so its
supervision was inadequate.

B5. The fuel truck carried a great quantity of gas, causing the extinguishing
failed. It is environmental factors of physical environment.

From the analysis, it can be concluded that the key events are D3 “drivers are
not informed of the front situation resulting from inadequate broadcast system”,

D4 “the scraper’s bowl control lever was not working properly, so the operator
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did not look straight ahead”, B3 “fuel truck driver did not make an escape re-
sponse in time” and B4 “Colleges chose to put out the fire firstly instead of sav-
ing the driver”. Thus, in order to prevent similar accidents, precautionary meas-
ures should focus on supervising workers to correct the problems timely at su-
pervision level, improving the awareness of communication and saving human
firstly at organizational level, besides, the company is supposed to strengthen the
physical examination for all the staffs and install surveillance cameras at key po-

sitions.

5. Conclusions

1) On the theoretical basis, the new method, eliminating the shortcomings of
HFACS, makes HFACS point to specific events and the sequence of events and
description of causes more clear, and helps to find key factors to prevent the
similar accidents.

2) From the analysis process, this method is clear and perspicuous and the
step is easy to master, which provides an effective analysis method for accident
analysis. From the analysis result, the method not only displays the relationship
between the person and organization visually, but also can accurately classify the
human factors. And the investigators can formulate corresponding measures to
prevent accidents.

3) The analysis is based on the past researches, and Accident Causality Dia-
gram remains to be drawn in more details. Although it has made some achieve-
ments, it still needs to be applied to a large quantity of practical accident analysis

so as to prove its feasibility.
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