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AIRCRAFT REPAIR AND WITHDRAWAL COSTS GENERATED
BY BIRD COLLISION WITH THE WINDSHIELD

ABSTRACT

According to available data released by the European
Aviation Safety Agency (EASA) in the period from 1990 to
2007, more than 94,743 collisions with birds occurred on
the territory of US, UK and Canada. In some parts of the
world bird population is significantly growing. Also, the num-
ber of aircraft operations has increased in recent decades,
and more importantly, their increase is expected in the fu-
ture as well. In these conditions, the number of aircraft col-
lisions with birds is expected to grow. Bird strikes are affect-
ing safety and also generate additional costs in air traffic.
This paper will show what type of bird strike costs exist with
focus on repair and withdrawal of bird strike costs. Repair
and withdrawal costs due to bird strike are specific because
they could vary from insignificant amount up to millions of
dollars and because of its unpredictability.
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1. INTRODUCTION

Wildlife strikes are everyday events in air transport
and could have multiple and various effects on flight.
The most common are bird strike events, while colli-
sion with mammals, bats, reptiles or other animals
are less common. For instance, from 1990 to 2013 on
the territory of USA only, there were 142,603 wildlife
strikes, out of which 138,257 strikes were collisions
with birds [1]. Recognizing the principles of sustain-
ability, the projection of air traffic development needs
to evaluate both the social and economic benefits of
the aviation industry, and the external costs caused by
air traffic [2].

Severity of bird strikes depends on factors like im-
pact force, part of aircraft that suffered the strike and
the material of which the impacted part is composed,
flight phase, and aircraft/engine performances.

According to [3] seven percent of the bird strikes re-
sulted in minor damage, while three percent result-
ed in serious damage to the aircraft. Except making
damage bird strikes may cause delay or cancelation of
flight, withdrawal from traffic for inspection and dam-
age repair, crew or passengers injuring, extra costs
and customers’ frustration.

The distinctiveness of bird strike costs is its com-
plexity and difficult separation from other costs in air
traffic industry. Bird strike could have multiple effects
and costs of such event will be calculated as sum of
costs of single effects. Beside repair costs, delay/can-
celation costs take special place because of their pos-
sible effect on succeeding flights. No matter what the
cause of flight delays are, they are very expensive for
the aviation industry. According to Institut du Transport
Aérien (ITA) the average unit cost per minute of delay
varies from 39.4 euro to 48.6 euro for the airlines.

Damage and withdrawal costs are defined by ex-
tent of damage and Maintenance Repair and Overhaul
(MRO) company which services the aircraft. Extent of
damage will mostly depend on the size of birds and
number of birds that participated in the collision. EASA
stated that from 1999 to 2008 the majority of birds
involved were flocks of large birds (45%) followed by
strikes by single large birds (31%) [4]. Parts that are
the most reported ones as damaged in bird strikes are
the most exposed aircraft parts: engines, wings and
windshields. In this paper focus will be on the costs of
windshield damage considering that windshield is one
of the most endangered part of the aircraft in the bird
strike events.

2. BIRD STRIKE EFFECT ON FLIGHT

Lately, birds strike events have been in the spot-
light because of their influence on flight safety and
costs in aviation industry. What effect strike will have
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depends on many factors, one of them being which part
of aircraft suffered impact. Jet engines are particularly
vulnerable during the take-off phase when the engine
is turning at a very high speed and the aircraft is at
a low altitude where birds are more commonly found
[5]. Because of exposure to strike, engines, wings and
windshields are the most reported parts that suffer
damages after bird strike, please see Figure 1.

Fuselage Windshield

4% Engine 13%

Wing
31%
Figure 1 - Engines and wings - the most common locations
of bird strike [6]

Effect on flight based on the part that suffered im-
pact:

- Engine: fire, power decrease, complete loss of pow-
er, difficulties in manoeuvring;

- Wing: damage of electrical or hydraulic system, in-
creasing drag due to losing aero dynamical shape;

- Windshield: cabin decompression, decreasing visi-
bility, injured pilot;

- Gear and tail: manoeuvrability and stability issues.

During collision with birds aircraft absorbs energy
that is proportional to the birds mass and square of
relative speed of bird’s movement in relation to the
aircraft. Impact energy, and therefore the damage to
the aircraft, will increase with the increase in mass of
birds and speed. Besides, energy will depend on the
angle at which the collision occurred, and if there is
a bird strike with fan motor, the energy of impact will
depend on the engine speed and the exact location of
impact.

Depending on damage caused by strike, certain
cases require aircraft withdrawal from traffic for ser-
vicing, and often cause flight delays and cancellations.
According to International Civil Aviation Organization
(ICAQ) based on 31,767 bird strikes in the period
from 2001 to 2007 in 90% of cases (28,576 strikes)
there was no effect on flight. In other 10% of cases
(3,191 strikes) strike affected the flight: aborted take-
off (27%), precautionary landing (46%), engine failure
(3%) and other effects (24%) [7].

3. CLASSIFICATION OF THE COSTS CAUSED
BY BIRD STRIKES

A huge problem in this field is the precise determi-
nation of costs resulting from the collision of aircraft
with birds because not every collision has been report-
ed, but this does not mean that if it was not reported
that it did not cause any damage to the aircraft and
therefore additional costs.

All these effects of aircraft-bird collisions could
cause delay and withdrawal of aircraft from traffic due
to the repair of damaged parts. Also, one bird strike
may have multiple effects, not just one. The character-
istics of strike are different in case of strike with indi-
vidual bird or with a flock of birds.

One of the effects of the collision of aircraft with
birds are certainly additional costs. The most import-
ant among them are the cost of repairing damage
caused by impact and costs of delays or cancellation
of flight. According to a study conducted by Airbus ev-
ery fifth bird strike will damages the aircraft and two
out of three strikes will lead to delays. The UK National
wildlife management centre estimates that the annual
costs of aircraft-bird collisions are at least 1.2 billion
dollars (888 million euro) [8].

According to the Federal Aviation Administration
(FAA) from 1990 to 2008 on the territory of the US
collisions with birds caused death of 16 people, 49
aircraft were destroyed, the estimated costs were
308.3 million dollars, and aircraft were grounded for
393,521h [9].

All bird strike-related costs in air traffic could be
generally selected in the following groups:

- Bird strike prevention costs;

- Flight delay/cancellation due to bird strike;
- Costs of lost demand;

- Damage repair costs.

3.1 Bird strike prevention costs

Bird strike prevention costs are complex and reach
all segments of air traffic. This type of costs consists
of equipment costs for bird dispersal and detection,
training staff for handling equipment, costs of engag-
ing staff to work on preventing bird strikes, modifi-
cations in the vicinity of the airport in order to make
area unattractive for birds. Bird strike prevention costs
also include costs of training pilots and air traffic con-
trollers on how to handle these cases. It is difficult to
estimate the costs of research projects for preventing
bird strikes because these projects could be driven by
different education or non-profit institutions.

3.2 Flight delay/cancellation due to bird strikes

The cost of delay or cancellation of flight may be
primary or secondary: primary, if the impact occurred
during the current flight, or secondary, if impact
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occurred during previous flight, which was reflected in
subsequent flights. Per Central Office for Delay Anal-
ysis (CODA) the share of reactionary out of all delays
account for about 40 percent of total generated delay
minutes [10]. ITA research states that the costs impact
of a primary delay is higher than the cost impact of
reactionary delay. Each minute of primary delay gener-
ates 2/3 minutes of reactionary delay, the total airline
unit cost per minute of Air Traffic Flow Management(AT-
FM) delay ranges from around 59 euro to 85 euro for
each minute of primary delay [11]. In case of cargo
transport there are also penalties that air companies
need to pay for late delivery of cargo. It is estimated
that bird strikes cost the aviation industry more than
1 billion euro per year, as result from direct damage to
aircraft (which account for 12% of the cost) and from
delays and their associated costs following bird strikes
per EASA.

The total delay impact (TDI) project conducted by
the FAA showed that the costs which were result of de-
lays or cancellations of flight only in the US amounted
to 32.9 billion dollars in 2007 only. The project calcu-
lated total delay/cancellation costs as the sum of the
costs of carrier aviation, passenger costs, costs of lost
demand and costs indirect impact on the economy of
the country.

3.3 Costs of lost demand

Costs of lost demand are costs based on loss of
passengers who due to delays / cancellation will avoid
this type of transport. Bad image and loss of passen-
ger confidence will lead to loss of revenue and extra
expenses incurred to restore the “good name” [12].
The costs of lost demand are complex because there
are too many factors that contribute to decreasing de-
mand, like economic situation, terroristic activities or
expansion of other transport modes.

3.4 Damage repair costs

Damage repair costs depend on the extent of
damage, part of aircraft that suffered impact, aircraft
manufacturer, model of aircraft (or engine if engine
is damaged), maintenance company work policy and
its contract with the air traffic company. Repair costs

could vary from insignificant amount to a few million
dollars. Table 1 shows the number of bird strikes and
the extent of damage as result of bird strikes.
Collisions with birds may cause different types of
costs in aviation; costs of aircraft withdrawal from
transport in order to perform inspection and repair
damage caused by the impact take a special place
among them. These costs are best explained through
annual/daily usage. Aircraft utilization is the active
time of aircraft assets use per unit of time. An average
for in-service fleet, but it could also include selected
parked fleet expressed in flight hours per day [14].

4. COSTS OF DAMAGE REPAIR AND
AIRCRAFT BEING OUT OF SERVICE AFTER
BIRD STRIKE TO WINDSHIELD

Cost data are defined for air carrier and general avi-
ation aircraft as variable or fixed. Variable costs change
in proportion to aircraft usage, and include fuel and
oil, maintenance and crew costs [15]. Scheduled and
unscheduled aircraft maintenance is an important
part of airlines costs and consists of several elements.
According to ICAO from 2001 to 2007 there were 236
bird strikes that damaged the aircraft windshields. In
this kind of cases it required servicing the damaged
part which means removing aircraft from traffic, in-
specting the extent of damage, replacing the damaged
component, testing and returning to normal operation.
Withdrawing aircraft from traffic and servicing the
windshield can be calculated as sum of direct oper-
ating costs (DOC) which increase due to aircraft be-
ing out of service, costs of material for damage repair
and engaging maintenance staff. The direct operating
costs will have major influence on aircraft withdrawal
costs; here, three cases depending on the presumed
DOC value will be discussed (Tables 2-4, Figures 2-5).
In all three cases DOC increase due to aircraft being
out of service will be based on [16]. The material price
and man-hour depend on particular MRO company but
in this case the presumed values will be: windshield
repair cost - $1,900, per side; windshield replacement
cost - $22,000, per side; replacement time per side -
100-120 hours per side; repair time - 5 hours per side;
maintenance employees man-hour: 30$/hours

Table 1 - The number of civil aircraft with reported damage resulting from wildlife strikes, US, 1990-2014 [13]

Type of damage From 1990 to 2014 % of total
None 96,287 64
Unknown 41,998 28
Damage 12,982 9
Minor 6,964 5
Uncertain 2,647 2
Substantial 3,334 2
Destroyed <1

Promet - Traffic&Transportation, Vol. 29, 2017, No. 6, 623-629

625




Nesié A, Cokorilo O, Steiner S. Aircraft Repair and Withdrawal Costs Generated by Bird Collision with the Windshield

Scenario 1: DOC = 8,000%
Table 2 - Costs of windshield replacement when replacement took 100 or 120 hours if DOC is 8,000$

Replacement
Number DOC DOC Maintenance Maintenance Total Total
of weeks increase increase Material | staff working staff working (if replacement | (if replacement
out of service [%] 100 hours 120 hours took 100 hours) | took 120 hours)
0 0 0 22,000 3,000 3,600 25,000 25,600
1.5 3.7 296 22,000 3,000 3,600 25,296 25,896
2 4.22 337.6 22,000 3,000 3,600 25,337.6 25,937.6
2.5 4.77 381.6 | 22,000 3,000 3,600 25,381.6 25,981.6
3 5.33 426.4 | 22,000 3,000 3,600 25,426.4 26,026.4
3.5 5.9 472 22,000 3,000 3,600 25,472 26,072
4 6.49 519.2 22,000 3,000 3,600 25,519.2 26,119.2
4.5 7.06 564.8 | 22,000 3,000 3,600 25,564.8 26,164.8
5 7.7 616 22,000 3,000 3,600 25,616 26,216
5.5 8.32 665.6 | 22,000 3,000 3,600 25,665.6 26,265.6
6 8.96 716.8 22,000 3,000 3,600 25,716.8 26,316.8
6.5 9.62 769.6 22,000 3,000 3,600 25,769.6 26,369.6
7 10.29 823.2 | 22,000 3,000 3,600 25,823.2 26,423.2
7.5 10.98 878.4 | 22,000 3,000 3,600 25,878.4 26,478.4
8 11.69 935.2 | 22,000 3,000 3,600 25,935.2 26,535.2
25,000 (11 1L ol o1 0V (v ol o ob ik e i o i f;
20,000
% 15,000
i2)
8
O 10,000
> 4 A A A 0
00 15 2 25 3 35 4 45 5 55 6 65 7 75 8
Number of weeks of aircraft being out of service
One side replacement (100 h) One side replacement (120 h) Two sides repair (10 h)
Figure 2 - Number of weeks of aircraft being out of service and withdrawal costs, DOC=8,000$
Scenario 2: DOC = 9,000$
Table 3 - Costs of windshield replacement when replacement took 100 or 120 hours if DOC is 9,000$
Replacement
Number DOC DOC Maintenance Maintenance Total Total
of weeks. increase increase Material | staff working staff working (if replacement | (if replacement
out of service [%] 100 hours 120 hours took 100 hours) | took 120 hours)
0 0 0 22,000 3,000 3,600 25,000 25,600
1.5 3.7 333 22,000 3,000 3,600 25,333 25,933
2 4.22 379.8 | 22,000 3,000 3,600 25,379.8 25,979.8
2.5 4.77 429.3 | 22,000 3,000 3,600 25,429.3 26,029.3
3 5.33 479.7 22,000 3,000 3,600 25,479.7 26,079.7
3.5 5.9 531 22,000 3,000 3,600 25,531 26,131
4 6.49 584.1 | 22,000 3,000 3,600 25,584.1 26,184.1
4.5 7.06 635.4 | 22,000 3,000 3,600 25,635.4 26,235.4
5 7.7 693 22,000 3,000 3,600 25,693 26,293
5.5 8.32 748.8 22,000 3,000 3,600 25,748.8 26,348.8
6 8.96 806.4 | 22,000 3,000 3,600 25,806.4 26,406.4
6.5 9.62 865.8 | 22,000 3,000 3,600 25,865.8 26,465.8
7 10.29 926.1 | 22,000 3,000 3,600 25,926.1 26,526.1
7.5 10.98 988.2 | 22,000 3,000 3,600 25,988.2 26,588.2
8 11.69 1,052.1 | 22,000 3,000 3,600 26,052.1 26,652.1
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Figure 3 - Number of weeks of aircraft being out of service and withdrawal costs, DOC=9,000$

Scenario 3: DOC = 10,000%
Table 4 - Costs of windshield replacement when replacement took 100 or 120 hours if DOC is 10,000$

Replacement
Number DOC DOC Maintenance Maintenance Total Total
of weeks increase increase Material | staff working staff working (if replacement | (if replacement
out of service [%] 100 hours 120 hours took 100 hours) | took 120 hours)
0 0 0 22,000 3,000 3,600 25,000 25,600
1.5 3.7 1,370 22,000 3,000 3,600 26,370 26,970
2 4.22 1,422 22,000 3,000 3,600 26,422 27,022
2.5 4.77 1,477 22,000 3,000 3,600 26,477 27,077
3 5.33 1,533 22,000 3,000 3,600 26,533 27,133
3.5 5.9 1,590 | 22,000 3,000 3,600 26,590 27,190
4 6.49 1,649 | 22,000 3,000 3,600 26,649 27,249
4.5 7.06 1,706 | 22,000 3,000 3,600 26,706 27,306
5 7.7 1,770 22,000 3,000 3,600 26,770 27,370
5.5 8.32 1,832 22,000 3,000 3,600 26,832 27,432
6 8.96 1,896 | 22,000 3,000 3,600 26,896 27,496
6.5 9.62 1,962 22,000 3,000 3,600 26,962 27,562
7 10.29 2,029 | 22,000 3,000 3,600 27,029 27,629
7.5 10.98 2,098 | 22,000 3,000 3,600 27,098 27,698
8 11.69 2,169 22,000 3,000 3,600 27,169 27,769
30,000
25,000 v (-0 fbm mfrfb ol ol db ol il flf]
20,000
&
£ 15,000
8
(&)
10,000
SR 00T TR Y0 PO
og,ﬂg,,t,,g, Lu,a,g LT LH,;L il
0O 15 2 25 3 35 4 45 5 55 6 65 7 75 8

Number of weeks of aircraft being out of service

[ One side replacement (100 h) m One side replacement (120 h) Two sides repair (10 h)

Figure 4 - Number of weeks of aircraft being out of service and withdrawal costs, DOC=10,000%
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Figure 5 — Number of weeks of aircraft being out of service
and repair/withdrawal costs in case of two sides windshield
replacement

5. CONCLUSION

In an environment with great competition, difficult
economic conditions and high operation costs, air traf-
fic companies have to carefully analyse and eliminate
costs that are not necessary. Aircraft collisions with
birds are risks that cannot be completely eliminated,
but it is possible to successfully manage this hazard.
The history of recorded accidents worldwide shows
that take-off and landing are the most dangerous flight
phases. According to statistical data take-off and land-
ing phase have been the most probable situations for
initiating accidents [17]. Considering that the majority
of strikes happens in the vicinity of airports the hab-
itat management is necessary whose aim should be
making the airport area unattractive for birds. Also, for
managing this hazard modern technical devices have
been used nowadays; different models of radars are
being used for tracking birds as well as numerous de-
vices for dispersing birds. Even if an airport is evalu-
ated as bird strike safe area or the applied measures
gave the desired results, this is not a point where the
process ends; constant monitoring and regular re-eval-
uations are required to make sure that there are no
new circumstances and that the airport maintains safe
traffic [18]. Besides, aircraft manufacturers need to ex-
amine and test aircraft and engine impact resistance
and aircraft ability to continue flight after suffering
impact. Collisions with birds carry a big security risk,
and as result, such events between 1912 and 2008
claimed lives of 242 persons, and the annual costs
exceeded 1.2 billion dollars. The paper has shown how
DOC increase influences the bird strike costs and also
how time spent out of traffic due to bird strike influ-
ences the increase in costs. As commonly reported,
the damaged part in bird strike, the wind shield was

discussed in two cases: first, when it was possible to
repair the damage and second, when repair was not
possible and replacement was required. Also, it is
shown in which way the price of material and working
hours of maintenance staff affect costs. Because of
its unpredictability and extra costs, bird strikes require
great attention due to the expected increase in air traf-
fic, but also an increase in bird populations in almost
all parts of the world.
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TROSKOVI POPRAVKE | POVLACENJA AVIONA IZ
SAOBRACAJA KOJI SU UZROKOVANI UDARIMA PTICA
U VETROBRAN

REZIME

Prema dostupnim podacima koje je objavila Evropska
agencija za bezbednost vazdusnog saobracaja (EASA) u
periodu od 1990. do 2007. godine na teritoriji Sjedinjenih
Americkih DrZava, Ujedinjenog Kraljevstva i Kanade desilo
se vise od 94 743 sudara vazuhoplova sa pticama. U nekim
delovima sveta populacija ptica znaCajno raste. Takode,
broj vazduhoplovnih operacija raste u poslednjim decenija-
ma, i Sto je jos vaZnije, dalji rast se o¢ekuje i u buducno-
sti. U ovakvim uslovima oCekuje se i porast broja sudara
vazduhoplova sa pticama. Sudari vazduhoplova sa pticama
utiCu na bezbednost vazdusnog saobracaja i generiSu do-
datne troSkove. Rad ¢e prikazati vrste troSkova uzrokovane
sudarima vazduhoplova s pticama sa akcentom na troSkove
popravke i povlaCenja aviona iz saobracaja. TroSkovi po-
pravke i povlacenja aviona iz saobracaja usled sudara sa
pticama su specificni jer variraju od zanemarljivih do visemil-
ionskih nov¢anih iznosa, osim toga specificnost pomenutih
dogadaja se ogleda i u njihovoj nepredvidivosti.

KLJUGNE RECI

sudar vazduhoplova sa pticama; bezbednost; troskovi po-
pravke; povlaCenje aviona iz saobracaja;
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