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ESDU DATA ITEMS

Data Items provide validated information in engineering design and analysis for use by, or under the supervision
of, professionally qualified engineers. The data are founded on an evaluation of all the relevant information, both
published and unpublished, and are invariably supported by original work of ESDU staff engineers or consultants.
The whole process is subject to independent review for which crucial support is provided by industrial companies,
government research laboratories, universities and others from around the world through the participation of some
of their leading experts on ESDU Technical Committees. This process ensures that the results of much valuable
work (theoretical, experimental and operational), which may not be widely available or in a readily usable form, can
be communicated concisely and accurately to the engineering community.

We are constantly striving to develop new work and review data already issued. Any comments arising out of your
use of our data, or any suggestions for new topics or information that might lead to improvements, will help us to
provide a better service.

THE PREPARATION OF THIS DATA ITEM

The work on this particular Data Item was monitored and guided by the Performance Committee. This Committee
first met in 1946 and now has the following membership:

Chairman
Mr G.J.R. Skillen — Independent, UK

Vice-Chairman

Mr K.J. Balkwill — Independent, UK
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Mr D.J. Mitchell — Independent, UK
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Mr J. Tempest — de Havilland Support Ltd, UK

Mr S. Tsach’ — Israel Aircraft Industries, Jerusalem, Israel

Mr C.J. Turner” — Boeing Commercial Airplane Company, Seattle, Washington, USA

Corresponding Member

The technical work involved in the assesment of the available information and the construction and subsequent
development of the Data Item was carried out under contract to ESDU by

Mr G.J.R. Skillen — Consultant to ESDU
Mr W.L. Horsley (deceased) — Former consultant to ESDU and instigator of this work.

The person with overall responsibility for the work in this subject area is C.J. Loughton, Head of Performance,
Mechanical Motion and System Dynamics Groups.
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TREATMENT OF RISK WITHIN COMMERCIAL AIR TRANSPORT

1 INTRODUCTION

Risk as a subject of study is not restricted to commercial air transport or the performance of aircraft, but is
treated as such within this Data Item solely to give the points raised a practical framework to aid
understanding. The basic principles outlined are capable of being used in unrelated studies.

Worked exampleson risk analysisthat illustrate the principles outlined in this Data ltem are introduced and
briefly described in Section 6.

2. CONCEPT OF RISK

The operation of an aircraft either for commercial air transport or, for that matter, to military-transport
standards, is subject to ethical and social pressures to operate “safely”. Operators and the official bodies
responsible for regulating air transport would be failing in their obligations if aircraft were permitted to
operate in an unsafe manner and passengers would not be prepared to fly.

But what does operating safely mean and what influences public perceptions of safety in the context of air
transport? Total safety is an un-attainable ideal and the implication of this statement is that people live
their lives at some level of risk and are, therefore, conditioned to expect, and to accept, thisrisk —whatever
it might be. There are also strong indications that most people are prepared to accept a small, short-term
increasein risk in order to gain some benefit perceived to be sufficiently desirable. However, there are no
accurate and agreed values for the levels of risks generally considered to be acceptable. ‘ Acceptable risk’
variesfrom person to person within any community, from community to community and from timeto time.
Consequently, the best that can be hoped for isto deduce arisk level that will be acceptable to asufficiently
large proportion of the population for any period of time, and a general trend with time.

The definition of acceptablerisk iscomplicated also by the dual compound nature of risk itself, containing,
asit does, elements both of the severity of the consequences of an event and the probability of that event
occurring. For example, people are very happy to gamble at very bad odds, but not to accept high risk at
good odds.

ESDU Copyright material. For current status contact ESDU.

A further point upon which one must be clear is the difference between the probability of an occurrence
and the probability of exposure. Thisisbestillustrated by referring to Extended Range Operations (ETOPS
or EROPS) where, assuming the rate of engine failure is constant during the en-route phase of flight, the
consequence of afailure occurringissignificantly increased for an enginefailurein the phase of flight most
remote from adiversionary airfield. Hencein a 10 hour flight the level of risk will vary and may only be
exceptionally high for one hour of that flight. So for that particular operation risk per flight, risk per hour
flown and risk per hour flowninthecritical phasewill all givedifferent interpretations of the understanding
of risk for that operation. Hence as well as using the term ‘risk’ in ageneral sense a‘unit of risk’ can be
used to quantify the genera risk at any time. It is also possible to consider the concept of acritical flight
time. Thisisaflight duration, for example, following an engine failure, where the probability of failure of
asecond engineis equal to the specified incident probability.
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Giventhedifficulty in defining aspecific level for acceptablerisk, it ispossibleto draw anumber of general
conclusions, as follows.

D People live their lives at alevel of risk which they are generally prepared to accept, but this level
varies from person to person, place to place and time to time.

2 In order to gain some tangible benefit, for example to earn money, travel abroad for a holiday or
travel on business, people are prepared to accept a small, short-term, increase in perceived risk
above their generally accepted level, for example that experienced whilst crossing a busy road or
driving their car.

(©)] People will accept higher occurrence probabilities of events perceived to have less severe
consequences than of events perceived to have more severe consegquences.

4 Peopl€e’s perceptions of air-transport-related risks are heavily influenced by the media which, in
turn, tend to be sensitive to thefrequency of catastrophic eventswithin aperiod of time, for example
the number of fatal airline accidents per year, regardless of the exposure to risks during that period.

Consequently, in using the concept of acceptable risk to set target unit risk levels for commercia air
transport, it isimportant to ensure the following.

. That they are set at levelsthat are capable of being achieved and are perceived to be acceptable by
the mgjority of air-travellers.

. That they are in line with the expected inverse relationship between severity of effect and
probability of occurrence.

. That they are set at levels, considering annual utilisation, which can be seen asthe exposureto risk,
such that the media will not be triggered into an adverse reaction by an apparent annual fatal
accident rate. In periods where utilisation is increasing from year to year, this implies that the
safety rate per hour of utilisation must be increased year by year or the unit risk rate reduced to
avoid an unacceptable and steady increase in the total number of fatalities each year.

3. INTERNATIONAL RISK MANAGEMENT
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All regulations governing the design, construction and use of aircraft for public transport have been subject
to an evolutionary process which, expressed in its crudest form, has been the result of aircraft accidents.
In other words standards have been found wanting and, to prevent further occurrences, improvements and
refinementshavebeenintroduced. Not every small requirement has been written astheresult of an accident,
but the evolutionary process has alowed changes to be constructively developed that reflect an overall
philosophy that meets the perceived safety need. Asdiscussed in Section 2 public perception has been a
strong driver for improving standards with time.

In evolutionary termsthe early public transport standards of 1919 permitted the use of large single-engined
aircraft, something that became unacceptable to the public due to too many forced landings. Then the
poor-performing twin-engined aircraft of the 1930swere superseded after the Second World War by aircraft
that had a level of performance following engine-failure that was considered acceptable. Thisis merely
one example of a process that spread into every corner of aircraft development, and it continues today.
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To quantify these principles of risk, design standards can be reduced to examples of hazard and the
acceptable probability of occurrence per unit of risk, as shown by one examplein Table 3.1.

TABLE 3.1 Unit of Risk
An example of a scale of airworthiness hazards and probabilities per hour of fIightJr

Probability description Numerical | Acceptable event Example
probability | classification

Frequent: Increased crew Minor systems failures,
Likely to occur oftenin thelife of workload nuisances
an aircraft 3
10™ , , ,
Reasonably probable: Minor effect Enginefailure

Unlikely to occur often but may
occur several times during the
life of each aircraft

-5
Remote: 10 Major effect Minor damage, possible
Unlikely to occur to each aircraft passenger injuries, low-speed
during itslife but may occur over-run, falling below take-off
several times during thelife of a net flight path
number of aircraft of the type -
Extremely Remote: 10 Hazardouseffect| Extensive damage, possible
Possible, but unlikely to occur in possible fatalities, high-speed over-run,
the total life of a number of ditching, double engine failure
aircraft of the same type on twin-engined aircraft, hitting
5 obstacle after take-off
Extremely improbable: 10 Catastrophic Aircraft destroyed, multiple
Very unlikely to occur in thelife effect certain fatalities
of the World fleet of aparticular
aircraft type

T Table 3.1 is one example of how risk can be managed and circumstances may dictate other more severe or more lenient
standards, given the underlying principles. For any specific question of what aircraft performance standards should be used on
any occasion, amore careful examination of the detail is necessary.
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Theterm ‘Unit of Risk’ requiresan accurate definition in any analysis, but can be represented in any manner
that is acceptable to the analyst, given the overriding obligation not to corrupt the findings by use of
manipulative classifications, either intentional or inadvertent. It is usualy expressed as a summation of
eventswithin atime period, for exampleenginefailures per flying hour. Somefurther examplesthat expand
onthisare asfollows.
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Events-based Units of Risk

. Enginefailure
Engine inoperative, fuel off. Turboprop with propeller windmilling or feathered. Does
the definition include precautionary engine shut-downs due to warnings or other reasons?
Doesit include engine failures at any power level, or only failures at high power?

. L oss of thrust/power
Where an engineisrunning at idle or low power, but not performing correctly. Doesthis
only include prolonged loss of thrust/power or any short-term loss?

. Aircraft diversion
Is this a diversion because of engine failure, or for reasons such as other operational
necessities, passenger sickness or fuel problems? Doesit include returns to the departure
airfield? Doesit include diversions from all phases of the flight or only from a particular
phase?

. Accident
What level of injury or aircraft damage defines an accident?

. Fatal accident
If an injured passenger succumbs later to their injuries, should this be included in the
definition of ‘fatal accident’.

. Incident
This can be amost anything from a minor departure from the normal, through a systems
failure, to amajor upset manoeuvre that causes no injury or damage.

Time-based Units of Risk

. Per hour
I's time counted from when the aircraft is pushed-back, first moves under its own power,
or when the brakes are released on take-off or only when the aircraft is airborne? Doesit
include all flying, such as air-test flight-time, training and positioning, or only revenue
flights? Isit limited to time beyond athreshold, for example the ETOPS phase of flight?
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. Per month, year, etc

. Per flight
All flights or only revenue flights? Per flight for a commuter aircraft will not mean the
same thing as per flight for along-range jet transport.

. Per phase of flight
. Per take-off/landing

In quoting arisk or event statistic it goes without saying that the quality of the finding depends entirely on
the definition of unit of risk. Whenever possible the definition used should be a standardised onethat isin
use in other analyses and has international acceptance. Also due recognition must be taken of the risk
exposure where, for example, the risk on along-range flight will vary with the proximity of diversionary
airfields.
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