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Abstract  Safety is one of the International Civil
Aviation Organization’s (ICAO) strategic objectives to
foster a global civil aviation system. Statistically, almost
40% of aviation accidents occur at airports, the most
frequent type is runway excursion. The assessment of
accident severity is an essential part of safety assessment
methods. In this study, a set of influencing factors which
would affect the severity of different types of runway
excursions were investigated in order to determine those
factors that typically occur together in runway excursion
accidents. In order to achieve this aim, a large database was
created, which contains information on all the conditions
surrounding the runway excursion event, in a period
between 2006 and 2016, for a total of 434 runway
excursions. Associate Rules method with Apriori
algorithm was used. The Apriori algorithm was used
separately for each type of runway excursion. The results
of this study show that different variables are associated
with different types of runway excursions and different
categories of severity. The most significant variable for all
types of runway excursion is the class of the aircraft.
Events with Major and Hazardous severity are associated
with small aircraft, while events with catastrophic severity
are associated with aircraft of medium-large dimensions.
The least significant variable for runway excursion
accidents is "Potential causes". The knowledge of the
runway excursions severity based on analysis of their
causes is essential to priorities safety budgets and safety
risk mitigation measures, as required by ICAO regulations.
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1. Introduction

Safety is one of the International Civil Aviation
Organization’s (ICAQO) strategic objectives to foster a

global civil aviation system that consistently and uniformly
operates at peak efficiency and provides optimum safety,
security and sustainability [1].

Because of the complexity of airport system and related
operations, the airport runway has proven to be vulnerable
and at risk of failure with the consequence that accidents
and serious incidents may occur. To ensure that safety risks
(including e.g. accidents/incidents) are identified, assessed
and appropriately mitigated, aviation stakeholders are
required to implement a Safety Management System
(SMS). A SMS is a systematic approach to managing
safety that is based on the four cornerstones of safety
policy and objectives, risk management, assurance, and
safety promotion. A SMS is a framework that provides an
organization with the adequate tools to ensure that any drift
by the organization towards a lower safety performance is
prevented. Establishing a risk management mechanism for
airports to monitor and improve these risks is the only
solution to lower latent risks efficiently and to achieve the
goal of airport safety. Safety risk management in practical
terms is concerned with hazard and occurrence
identification through reporting and data collection,
investigation, and subsequent data analysis [1]. In
particular, airport surface risk management is concerned
with the collection, investigation, and analysis of four main
accident/incident types: excursions, incursions/collisions,
wildlife strikes, and Foreign Object Damage (FOD).

Statistically, almost 40% of civil aviation accidents
occur at airports, the most frequent type is runway
excursion with 55% of all runway safety accidents [2].
There are at least two runway excursions each week
worldwide. Runway excursions are persistent problems
and their numbers have not decreased in more than 20
years. Runway excursions can result in loss of life and/or
damage to aircraft, buildings or other items struck by the
aircraft. ICAO identifies the Runway excursion among
typical examples of safety indicators in the aviation system
[1]. As the transformation of the civil aviation operation
environment of aircraft and the insight research on runway
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safety, runway excursion prevention had gradually become
the priority of the worldwide runway safety fields [3].

A runway excursion event occurs when an aircraft on the
runway surface departs the end or side of the runway
surface during take-off or landing.

They consist of two types of events:

*  Veer Off: A runway excursion in which an aircraft
departs the side of a runway

*  Overrun: A runway excursion in which an aircraft
departs.

The definition of risk may be different in research but it
always emphasizes the expected value of combining
probability and severity. The assessment of accident
severity is an essential part of safety assessment methods.
Classifying the severity is a prerequisite to establish the
safety objectives and the safety requirements that an
organization decide to put in place. The safety
requirements are then substantiated into mitigation actions
— like technical adjustments, innovative features,
procedural changes and training programmers — in order to
achieve an acceptable level of risk.

In this study, a set of influencing factors which would
affect the severity of different types of runway excursions
were investigated, in order to determine those
combinations of factors that characterize the different
severity of runway excursion accidents. In order to achieve
this aim, runway excursions data from Aviation Safety
Network (ASN) Database was collected and the
Association Rules method with Apriori algorithm (AR) has
been applied to them.

2. Literature Review

An airport is a complex system, and each facility in the
airport is an important component of the system. Any
component influences the airport operation to some extent
and may lead to aviation accidents if it fails.

Most of past research in aviation safety focuses on the
safety of aircraft operation, traffic control system, crew
management, aviation safety system of airlines
organization and culture, and logistics issues such as
apron operation and security check; less attention has been
paid to runway risk management.

Although airport surface safety has been addressed in
the past, previous research shows major limitations. To
date no research exists that analyses surface safety in an
integrated manner. Safety mitigation strategies are
developed for single occurrence types from the
perspective of single aviation stakeholders reflecting only
pieces of surface operations and associated failures/errors.
Studies of runway incursions, likely due to their more
frequent nature, are more numerous in the literature [4-9]
than runway excursions. As such, incursions are often
considered ‘near misses,” or potentially precursors to
aviation accidents, but they are not necessarily accidents.
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Excursions, while less frequent, more readily represent an
unsafe situation. Compared with other kinds of runway
unsafety occurrences, there are three significant
characteristics of runway excursion occurrences, which
include complex influencing factors, high severity of
consequences and latent failures hard to detect [3].

Therefore, identifying the risk factors leading to these
accidents and creating strategies and undertaking actions
to mitigate runway excursions are of great urgency.

Since “risk” is a function of the probability of an event
and the severity of the consequences of the event, a valid
and reliable measure of the severity of the outcome of a
runway excursion is essential for measuring the risk of
runway operations. Assessing risk required both specific
tools, which need to assign probability values to specific
accidents, and models, which are able to estimate
consequences of such events. Several accident probability
models have been developed in the last decades.
Moreover, most of past researches in aviation safety risk
management focus on estimate of the probability of
occurrence of aircraft accidents; less attention has been
paid to estimate of the severity of the consequences of
aircraft accidents. Hale [10] examined airport risk
evaluation using models based on historical, causal data.
In historical models, risks are calculated separately for
each type of aircraft using the airport, and accident
probabilities are classified into six scenarios, i.e., during
landing: veer-off, overrun and undershoot; and during
take-off: veer-off, overrun and overshoot.

Kirkland et al. [11] discussed the need for models for
evaluating risk at any airport, using available data on past
accidents for that purpose. They developed models
showing the annual probability of aircraft overruns
occurring as a result of aborted landings and take-offs, as
well as the distance from the runway end to where the
wreckage is located.

Valdés et al. [12] proposed a risk model for runway
overrun and landing undershoot using probability analysis
as their technical support. They determined whether or not
risk levels at a given airport were acceptable. For that
purpose, they used historical data on accidents in the
vicinity of the runway. Also, the Airport Cooperative
Research Program (ACRP) has produced two studies on
runway excursions [13,14], primarily applying traditional
logistic regression to predict the likelihood of a runway
excursion occurring.

Other studies identify the causes of Runway Excursion
in order to define mitigation interventions, for example,
[15] make a multivariate analysis of historical data on
accidents of runways excursion in order to quantify the
effect that various factors have upon runway excursions.
Okafor et al. [16] show that environment causal factors are
most significant contribution to runway excursion
accidents when compared to system and human induced
casual factors. For which, environmentally induced
accident mitigation should focus on efficient monitoring
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of the weather condition in order to make decision such as
delay or cancellation of flight. Distefano and Leonardi [17]
found that the most common cause of runway excursion
on take-off is aircraft system faults, while on landing is
weather conditions.

From the literature review above, it can be seen that
there are still relatively few studies on the assessment of
the severity of aircraft accidents.

Severity of the Aircraft accidents is defined in terms of
their effect on both the aircraft and on persons. Safety risk
severity is defined by [1] as the possible consequences of
an unsafe event or condition. Besides the financial and
economic impact, an incident or accident may cause
several other subjective consequences such as human
well-being impacts, environmental impacts, political
implications, reputation of the players involved and media
interest.

Many studies have addressed this issue of severity
assessment, but they all tend to make it in a general and
simple way. Wong et al. [18] evaluate the probability of a
catastrophic consequence to happen during a landing
event. In their work, a non-catastrophic event is defined as
the one with small chances of causing hull loss and
injuries to its occupants, and, under this assumption, four
categories of obstacles were characterized on the
maximum speed that an aircraft may collide on it still
causing a non-catastrophic event.

In the risk analysis study that supported the Norwegian
Civil Aviation Authority to define its requirements for
physical design of aerodrome [19], the severity of an
unsafe event consequence was generally determined by
the type of event in analysis. For example, the overrun is
assumed to be a catastrophic event or the deviation from
the runway onto the graded area of the strip results in
comparatively minor consequences.

Even the International Civil Aviation Organization
(ICAO) on its Safety Management Manual [1], has a not
much clear guideline on categorizing severity. On this
manual, for assessing severity, there is a table with the
five levels of severity of an unsafe condition and their
respective possible consequences (Table 1), but there is no
recommended methodology on how to connect these
consequences with the unsafe event itself, i.e. an event
that caused to multiple deaths must be considered a
Catastrophic event, but it is not described how to
determine if an event will cause multiple deaths.

As to the consequences of runway excursion
occurrences, they have the feature of high severity of
consequences [20]. Compared with other kinds of runway
unsafe occurrences, such as runway incursion occurrences,
runway excursion occurrences always busted out in a
sudden with high serious consequences. For this reason,
only the runway excursions with Major, Hazardous and
Catastrophic consequences were considered in this study.

Apriori Algorithm for Association Rules Mining in Aircraft Runway Excursions

Table 1. ICAO’s severity classification [1]
scsurrence Meaning
Catastrophic . Equipment destroyed
. Multiple deaths
. A large reduction in safety margins,
physical distress or a workload such that
the operators cannot be relied upon to
Hazardous perform their tasks accurately or
completely
. Serious injury
. Major equipment damage
. A significant reduction in safety margins, a
reduction in the ability of the operators to
cope with adverse operating conditions as a
Major result of increase in workload, or as a result
of conditions impairing their efficiency
d Serious incident
. Injury to persons
d Nuisance
Minor . Operating limitations
. Use of emergency procedures
. Minor incidents
Negligible . Little consequences

3. Data

With runway safety management practices, runway
safety management agencies/organizations in field had
gathered numerous runway safety data, and gained
management experiences as well. But almost all of these
data and experiences focused on runway incursion, only a
small part of them were related to runway excursion
prevention.

For the purpose of this study, runway excursions data
from Aviation Safety Network (ASN) Database was
collected. The ASN Safety Database contains detailed
descriptions of some 20,300 incidents, hijackings and
accidents to airliner, military transport category aircraft
and corporate jet aircraft safety occurrences since 1921.
Most of the information are from official sources (civil
aviation authorities and safety boards), including aircraft
production lists, ICAO ADREPs, and country’s accident
investigation boards.

Previous works have already been conducted for safety
analysis based on historical aircraft accidents data. Das et
al. [21] published results on anomaly detection based on
NASA records, known as the Distributed National FOQA
Archive (DNFA). This archive contains many continuous
and discrete data from various on-board systems
(propulsion systems, landing gears, cockpit switch
positions, etc.), yet they do not offer a comprehensive
view of the context in which aircraft evolve. Sherry et al.
[22] also presented risk assessment analyses based on
surveillance track data provided by the FAA National
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Offload Program.

In this study the data used contains solely runway
excursion accidents (overrun and veer-off), in a period
between 2006 and 2016, for all categories of aircraft, and
in all world regions. This period was considered to be
sufficient to obtain statistically relevant results.

The database created for this analysis includes 434
runway excursions that occurred in the eleven-year period.
Military flights were not considered in this study. Runway
excursions occurred most often during the landing phase
(354 events) with a slightly lower division for landing
overruns (154 events) respect to veer-offs (200 events).
Take-off runway excursions (80 events) present a slightly
higher number for overruns (43) respect veer-offs (37).
All events were classified according to severity.

Figure 1 shows the percentage distribution of these
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events by severity and flight phase. Most runway
excursions occur during landing, but the events with
higher severity are those that occurred during take-off.

The original database was arranged at 8 categorical
variables: Year, Accident type, Airport’s country,
Accident severity, Potential cause, Aircraft class, Runway
code, Aircraft age.

Runway code refers to the runway where the accident
occurred and it corresponds to runway code ICAO defined
in Annex 14 [23]. It has two 'elements', the first is a
numeric code based on the Reference Field Length for
which there are four categories and the second is letter
code based on a combination of aircraft wingspan.

Table 2 shows the distribution of the 8 categorical
variables of the resulting database.

Percentage distribution of runway excursion accidents

90%

80% 77%

70%
60%
50%
40%
30%

21%
20%

10%
10%

Catastrofic

Hazardous

70%

13%
9%

Major

m Landing m Take-off

Figure 1. Distribution of runway excursion accidents by severity and flight phase
Table 2. Descriptive statistics of accident data
N %
Accident severity
Catastrofic 53 11,42
Hazardous 328 70,69
Major 53 11,42
Accident year
2006 42 9,05
2007 51 10,99
2008 35 7,54
2009 33 7,11
2010 41 8,84
2011 31 6,68
2012 39 8,41
2013 41 8,84
2014 39 8,41
2015 37 797
2016 45 9,70
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Table 2 Continued

2017 30 6,47
Aircraft class

GA: General Aviation 80 17,24
CA : Corporate Aircraft 112 24,14
Com A: Commuter Aircraft 104 22,41
S-R: Short-range 96 20,69
M-R: Medium-range 28 6,03
L-R: Long-range 14 3,02
Potential cause

Aircr;.ift Sy.stem Fal.,lltSI Engines, brake (wheel brakes, spoilers or reversers), hydraulic, 104 241
electric, main gear, tire, other. >
Human error: Incorrect flight planning, communication/coordination, pilot error, visual

illusion, excessive speed, loss of control, other. 123 26,51
Weather Conditions: Low visibility, rain, wind shear, tailwind, ice, crosswind, low ceiling,

strong wind, turbulence, freezing rain, other. 67 14,44
Runway Conditions: Wet, contaminated (standing water, rubber, oil, ice, slush, snow), FOD,

wildlife hazards, down slope. 32 6,90
Unknown 108 24,88
Accident type

Landing veer-off (LDVO) 200 46,08
Landing overrun (LDOR) 154 35,48
Take-off veer-off (TOVO) 37 8,53
Take-off overrun (TOOR) 43 9,91
Airport's country

NAM: North American 117 26,96
EUR: Europe 52 11,98
LATAM: Latin America & the Caribbean 76 17,51
AFI: Africa 45 10,37
ASPAC: Asia Pacific 79 18,20
CIS: Commonwealth of Independent States 24 5,53
MENA: Middle East & North Africa 41 9,45
Runway code

1A-B 30 6,91
2B-C 51 11,75
3B 6 1,38
3C 80 18,43
3D 7 1,61
4C 46 10,60
4D 172 39,63
4E 42 9,68
Aircraft age

<=10 104 23,96
11-20 90 20,74
21-30 134 30,88
31-40 69 15,90
>40 37 8,53
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4. Methodology

This study uses the Association Rule with Apriori
algorithm to attempt to find associations that exist
between the Accident severity variable and the other
database variables for each runway excursion type. The
goal of Association Rule analysis is to investigate a group
of items that typically occur together in a given event.

The variables used to achieve the aim of this study are
shown in table 3. Since all the countries where the
accidents occurred are part of the ICAO and therefore
they have similar regulations and that the relative
distribution of database events is strongly linked to the
number of annual movements that occur in them (data that
we do not know), it was decided not to take the Airport’s
country variable into account for the current analysis.

Table 3. Items of the variables for Association Rule

AT-Accident Types RC-Runway Code

ATI1=Catastrophic RC1=1B-1A
AT2= Hazardous RC2=2B-2C
AT3=Major RC3=3B
AC-Aircraft Class RC4=3C
AC1=GA RC5=3D
AC2=CA RC6=4C
AC3=Com A RC7=4D
AC4=S-R RC8=4E
AC5=M-R

AC6=L-R

PC-Potential Cause AA-Aircraft Age (years)

PCl1=Aircraft system faults AA1=<10
PC2=Human error AA2=11-20
PC3=Weather conditions AA3=21-30
PC4=Runway conditions AA4=31-40
PC5=Unknown AA5=>40

The Association Rule is a suitable technique to discover
interesting relations between variables in large databases.

Apriori algorithm AR is one of the most popular data
mining techniques, having been first introduced in 1993
for discovering buying patterns [24]. In recent years, the
AR method in data mining has been successfully applied
to uncover potential patterns or rules in a variety of fields,
such as road traffic safety [25-27]. AR analysis is the
method of effectively identifying sets of items that occur
together in a given event. It is based on the relative
frequency of the number of times the sets of items occur
alone and jointly in a database. AR is a standard approach
that starts with a dataset containing transactions and aims
to construct frequent item sets by setting up user specified
thresholds, namely support, confidence, and lift.

The Support for a particular association rule A = B is
the proportion of transactions in the database containing
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both A and B and is formulated as equation (1):
Support(A - B) = @ )

Where P(AnB) is the number of transactions
containing both A and B, and N is the total number of
transactions.

The confidence of the association rule A = B is a
measure of the accuracy of the rule, which is determined
by the percentage of transactions in the database
containing A that also contains B and is defined as
equation (2):

P(ANB)
P(4)

Confidence (A - B) = 2)

Where P(AnB) is the number of transactions
containing both A and B, and P(A) is the number of
transactions containing A.

Lift is defined as a simple correlation that measures if A
and B are independent or dependent and correlated events
and is expressed by the equation (3):

, __ P(AUB)
Lift (A- B) = PAPE) 3)
Where P(AUB) is the number of transactions

containing A or B, P(A) is the number of transactions
containing A, and P(B) is the number of transactions
containing B.

If a particular rule has a lift of one, it indicates that the
probabilities of A and B are independent. When two
events are independent, there is no rule drawn involving
these two events. In contrast, if a particular rule has a lift
greater than one, it indicates that A and B are dependent
and positively correlated. The higher the lift, the greater is
the strength of the association rule.

It is desirable for the rules to have a high level of
support, a large confidence, and a lift value considerably
greater than one. Since we have interest also in rare
accident characteristics (such as catastrophic accidents),
the support for some rules of interest could be much lower
than the support typically used in other applications, such
as the market basket analysis. Furthermore, to ensure that
the patterns identified by the rules are observed with
reasonable frequency and that the rules are sufficiently
accurate, minimum thresholds for support and confidence
are also needed.

To identify strong associations, threshold values for
support (S), confidence (C), and lift (L) were set as
follows: S = 5%,C = 20%,andL = 1.

Analyses were performed using the software SPSS
Modeler.

5. Results

Association rule analysis was further applied to
investigate the combinations of factors that typically occur
together in the runway excursion accidents. The Apriori
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algorithm was used separately for each type of runway
excursion. The association algorithm identified 822 total
rules with support greater than 5%, confidence greater
than 20%, and lift greater than 1 (110 rules for LDVO, 94
rules for LDOR, 152 rules for TOVO, and 466 rules for
TOOR). Among these rules, only the top ten with greater
confidence value in each accident type were selected. The
result of the selected AR was the accident severity
(consequent), thus providing statistical evidence that
different accident severities of various runway excursion
types are dependent on different contributory factors.

In Tables 4-7, the 2-item, 3-item, and 4-item rules are
reported, along with their support, confidence, and lift
values. In each table, the rules are ranked according to the
confidence value. For each table the 10 most significant
rules have been reported but in such a way that all three
consequent types (accident severity) appear.

5.1. Landing veer-off

As regards LDOR, 79% of them have a hazardous
severity (AT2), 14% of them have major severity (AT3)
and 7% of them have catastrophic severity (AT1). Among
the 10 most significant rules, those that have AT2 as
consequence are 5, which have high Confidence and

Apriori Algorithm for Association Rules Mining in Aircraft Runway Excursions

Support values but low Lift values (Table 4). A high
Confidence value (C = 95%) and a high Support value
(10%) characterize the association between Hazardous
event and aircraft to Short-range and aircraft aged
between 21 and 30 years (3-item rule). Minor values of
Confidence (93.75%) and of Support (8%) characterize
the association between Hazardous event and event
caused by weather conditions and aircraft between 21 and
30 years (3-item rule). The only rule that associates the
AT2 consequence with the Runway code (1A or 1B) is the
No. 3.

The most significant association rule for events with
consequence Major (AT3) is that with Corporate Aircraft
and 4D Runway code (3-items rule), this rule has low
values of Confidence and Support, but a high value of Lift
(2.55%). Another association rules for Major severity
include the association with the 4D Runway code and
events caused by unknown factors.

The only association rule concerning catastrophic
severity (AT1) is characterized by low Confidence and
Support values, but a high value of Lift (3.06%). This is a
2-Items rule and associates the AT1 consequence with the
Aircraft to Medium-range.

Table 4. Association Rules for LDVO

ID Rule Consequent Antecedent S(%) C(%) L
1 AT2 AC4 and AA3 10.0 95.0 1.203
2 AT2 PC3 and AA3 8.0 93.75 1.187
3 AT2 CR1 7.0 92.857 1.175
4 AT2 AC2 and AA3 6.0 91.667 1.160
5 AT2 PC3 20.5 90.244 1.142
6 AT3 AC2 and RC7 7.0 35.714 2.551
7 AT3 PCS5 and RC7 9.0 27.77 1.984
8 AT3 AA1 and RC7 10.5 23.809 1.701
9 AT3 PCI and AA3 10.5 23.809 1.701
10 ATI1 ACS 7.0 21.429 3.061
Table 5. Association Rules for LDOR
ID Rule Consequent Antecedent S(%) C(%) L
1 AT2 AA4 and AC2 6.494 100 1.351
2 AT2 AA4 and PC5 7.143 90.909 1.228
3 AT2 AC2 and RC7 6.494 90 1.216
4 AT2 ACI and CR4 5.844 88.889 1.201
5 AT2 ACl and PC2 5.844 88.889 1201
or PC1

6 AT2 PC3 10.39 87.5 1.182
7 ATI1 AC3 and AA3 9.091 35.714 2.5

8 AT3 CR2 and PC5 5.844 33.333 2.852
9 AT3 AC5 7.143 27.273 2.33
10 AT3 AA1 and PCS 7.143 27.273 2.33
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5.2. Landing overrun

74% of LDOR accidents have a hazardous severity
(AT2), 12% of them have major severity (AT3) and 14%
of them have catastrophic severity (AT1). When landing,
the percentage of catastrophic events is greater for
overruns than for veer-offs. Among the 10 most
significant rules, those that have AT2 as consequence are
6, which have high Confidence and Support values but
low Lift values (Table 5). A high Confidence value (C =
100%) characterizes the association between Hazardous
event and Corporate aircraft and aircraft aged between 31
and 40 years (3-item rule). Minor values of Confidence
(90.90%) but major value of Support (7.14%) characterize
the association between Hazardous event and event
caused by unknown factors and aircraft between 31 and
40 years (3-item rule). The association between
Hazardous consequence and 4D Runway code and
Corporate aircraft presents Confidence equal to 90% and
Support equal to 6.5%.

The only association rule concerning -catastrophic
events is characterized by low Confidence and Support
values, but a high value of Lift (2.5%). This is a 3-Items
rule and associates the Catastrophic event with the
Commuter Aircraft and aircraft aged between 21 and 30
years.

The most significant association rule for events with
consequence Major is that with 2B or 2C Runway code
and unknown cause, this rule has low values of
Confidence and Support, but a high value of Lift (2.85%).
The other association rules for Major events include the
association with the Aircraft to Medium-range, and the
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association with unknown cause and aircraft with less than
10 years.

5.3. Take-off veer-off

On the TOVO accidents, 76% of them have a hazardous
severity (AT2), 2% of them have major severity (AT3)
and 22% of them have catastrophic severity (ATI1).
Among the 10 most significant rules, those that have AT2
as consequence are 6, which have high Confidence (100%)
and Support values but low Lift values (Table 6). A high
Support value (S = 13.5%) characterizes the association
between Hazardous event and Corporate aircraft and
aircraft aged between 31 and 40 years (3-item rule).
Another rule with the same parameter values is the one
that associates Hazardous event with Corporate aircraft
and 4D runway code. Minor value of Support (8.10%)
characterizes the association between Hazardous event
and event caused by unknown factors and General
Aviation or Corporate aircraft or aircraft between 31 and
40 years (3-item rules).

The two association rules concerning catastrophic
events are characterized by High Confidence, Support and
Lift values. The first is a 4-Items rule and it associates the
Catastrophic event with the Aircraft to short-range,
Human error and 4D runway code.

The most significant association rules for events with
consequence Major have low values of Confidence and
Support, but a high value of Lift (18.5%). These associate
Major events with 2B or 2C Runway code and aircraft
older than 40 years or event caused by weather conditions
(3-items rules).

Table 6. Association Rules for TOVO

ID Rule Consequent Antecedent S(%) C(%) L
1 AT2 AA4 and AC2 13.514 100 1.321
2 AT2 AC2 and RC7 13.514 100 1.321
3 AT2 ACI and PC5 8.108 100 1.321
4 AT2 RC2 and PC2 8.108 100 1.321
5 AT2 PC5 and AA4 8.108 100 1.321
6 AT2 PC5 and AC2 8.108 100 1.321
7 ATI AC:HZHECP? 10.811 75 3.469
8 ATI1 PC2 and RC7 13.514 60 2.775
9 AT3 AAS and RC2 5.405 50 18.5
10 AT3 PC3 and RC2 5.405 50 18.5
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Table 7. Association Rules for TOOR

ID Rule Consequent Antecedent S(%) C(%) L
1 AT2 AC4 and RC7 9.302 100 1.536
2 AT2 AC4 and RC3 9.302 100 1.536
3 AT2 AA4 and AC2 9.302 100 1.536
4 AT2 AA4 and CR7 9.302 100 1.536
5 AT2 RC4 and AC3 6.977 100 1.536
6 AT3 AA2 and AC2 and RC3 6.977 66,667 4.778
7 AT3 RC2 and AC2 and AC5 6.977 66,667 4.778
8 AT3 RC2 and AC2 and RC3 6.977 66,667 4.778
9 ATI1 AALIl and AC2 and RC3 6.977 66,667 3.185
10 ATl AA1 and AC2 and ACS 6.977 66,667 3.185

5.4. Take-off overrun

As regards TOOR accidents, 65% of them have a
hazardous severity (AT2), 14% have major severity (AT3)
and 21% have catastrophic severity (AT1). Indeed, the
percentage of catastrophic events is greater for take-off
than for landing. All rules with AT2 as consequence have
high Confidence (100%) and Support values but low Lift
values (Table 7). Hazardous event is associated with the
Aircraft to short-range and 3B Runway code or 4D
Runway code (3-items rules). The other rules associate
AT2 consequence with aircraft aged between 31 and 40
years and Corporate aircraft or 4D Runway code (3-items
rules). The last rule for AT2 (with a minor Support value)
associates this at 3C Runway code and Commuter
Aircraft.

The most significant associative rules for events with
consequence Major have high values of Confidence,
Support and Lift. The main rule associates Major severity
with aircraft aged between 11 and 20 years and Corporate
aircraft and 3B Runway code (4-items rules).

Also, the association rules concerning catastrophic
events are characterized by High Confidence, Support and
Lift values. Both are 4-Items rules and associate the
Catastrophic event with aircraft with less than 10 years,
Corporate aircraft and 3B runway code or Aircraft to
Medium-range.

6. Discussion and Conclusions

The safety of an airport and in particular the runways
and taxiways (i.e. manoeuvring area) is a cause of great
concern.

It is impossible to predict when and where a runway
excursion will occur because the factors that contribute to
an event will be in the hundreds and extremely varied.
However, it is possible to identify the factors that have the
largest influence for these events.

The present study makes it possible to determine these
factors, which will be achieved through the construction
of a large database, which contains information on all the
conditions surrounding the runway excursion event.
Association rules method then allowed to enable the
factors that appear most often and have the largest effects
to become apparent. The contributing factors were defined
by type of incident and by type of consequence severity.

Comparing the association rules related to the 4 types
of runway excursion considered in this study, it is possible
to draw interesting results. Figure 2 shows the associative
rules for each severity of consequences represented by
appropriate symbols. From the observation of this chart, it
is possible to associate specific aspects for three
categories of severity considered.
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With regard to the runway excursion with Major
severity of consequence, it is possible to note that the
events that occur at take-off are always associated with
small runways (2B-C or 3B runway code), while runway
veer-offs during landing are associated with larger runway
(4D runway code). Take-off overruns are strongly
associated with small-sized aircraft (Corporate aircrafts).
The age of the aircraft is not decisive for any type of
runway excursion in any of the two phases, moreover no
potential cause is decisive for any type of accident.

Association rules for runway excursion with Hazardous
severity of consequence show that the majority of the
accidents is associated with small aircraft, and the landing
veer-off is associated with aircraft older than 20 years,
while other types of accidents are associated with aircraft
older than 30 years. The dimensions of the runway are
mainly relevant for take-off accidents, and different
causes are associated with the various types of accidents
with the exception of the take-off overruns, for which in
no rule an item belonging to this category appears.

Finally, the association rules for Catastrophic severity
of consequence allow us to affirm that the dimensions of

on Association Rules Chart

the runway are associated with the runway excursion that
occurred during take-off and not with those in the landing
phase, moreover classes of smaller aircraft are associated
with take-off overruns, while larger aircraft are associated
with the other types of runway excursions. Only take-off
veer-offs are associated with a potential cause (human
error), and the age of the aircraft is not decisive for any
type of runway excursion.

The results of this study show that different variables
are associated with different types of runway excursions
and different categories of severity. According to the
discovered association rules, the most significant variable
for all types of runway excursion is the class of the
aircraft, events with Major and Hazardous severity are
associated with small aircraft, while events with
catastrophic severity are associated with aircraft of
medium-large dimensions. The least significant variable
for runway excursion accidents is "Potential causes". This
can mean that the causes of the accident do not play an
important role in defining the severity of the
consequences.

These findings suggest that the occurrence of runway
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excursions is a complex phenomenon that involves
complex interactions between various factors.

Therefore, the development and implementation of
effective safety risk mitigation strategies, in particular to
prevent the most severe of these occurrences at controlled
airports, are essential. The knowledge of the runway
excursions severity based on analysis of their causes is
essential to prioritize safety budgets and safety risk
mitigation measures, as required by ICAO regulations.
Association Rules was helpful in identifying the most
important combinations of accidents-contributory factors
and can address the design of the safety countermeasures.
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