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Abstract:

Introduction/Purpose:  Aircraft present one of the safest and most
frequently used means of transport. However, despite taking many
security measures, accidents happen. No matter a damage level, if the
aircraft somehow manages to land, the most important is to evacuate
passengers from the aircraft, fast and safely. Evacuation of aircraft is very
complex and depends on many different factors such as a damage
degree, presence of fire, speed of passengers, presence of panic and
fear, etc. So, it is important to, somehow, as much as possible, predict
potential ways of evacuation and potential evacuation strategies and
routes. Landed aircraft can be in different conditions so fast and safe
evacuation of passengers is very important. The only way to predict safe
evacuation routes, to determine proper evacuation strategies and to
calculate potential evacuation times needed to leave the aircraft is to use
some adequate simulation software.

Methods: In this paper, for calculating needed evacuation times and
potential evacuation routes, the simulation method was used. Simulations
of evacuation scenarios and calculations of evacuation times were
realized in Pathfinder software. The simulation model created in
Pathfinder was a model of the A 321 aircraft related to its real dimensions.

Results: The results of this paper, obtained on an appropriate simulation
model of the aircraft with stairs and emergency slides, have shown the
evacuation times for two different evacuation scenarios with different
speeds of passengers/occupants.

Conclusion: A proper evacuation strategy and the fastest evacuation of
occupants are crucial for saving lives. Simulation software use in
evacuation problems presents a very effective way in terms of safety,
cost-effectiveness and prediction. This kind of software presents an
obligatory engineering tool for more effective and more precise dealing
with evacuation and similar problems. This paper was written to show how
simulation software can be used for calculating evacuation times from an
airplane on land.

Key words: evacuation, aircraft, simulation, passenger.
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Introduction

Evacuation of people, animals and material resources from
endangered places or buildings to a safe location in a fast and safe way
always presents a complex task.

Generally, traffic presents a very important social activity where
potential situations and occasions demand very effective evacuation
strategies. According to reports and statistics, air traffic presents one of
the safest ways of traffic. Most accidents in air traffic occurred in the air
during taking off and landing. A diagram of all accidents in civil air traffic
from 1919 till October 1921 is presented in Figure 1 (Planecrach, 2021).
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Figure 1 — Aircraft accidents from 1919 till October 2021
Puc. 1 - Asuakamacmpodbbi ¢ 1919 no okmsibpb 2021 200
Cnuka 1 — AsuoHcke Hecpehe 00 1919. 0o okmobpa 2021. 200uHe

One of the most important advantages for air traffic in terms of
safety are rigid procedures and rules for aircraft and high scientific and
quality levels used in manufacturing aircraft. But accidents do occur.
Sometimes, it is possible to avoid accidents or to reduce consequences
of accidents. Of course, the most important course of action in any case
of damage, malfunction or any problem, is to land the aircraft
immediately. Many accidents were avoided by forced landings, very often
out of the runway. A well-known case called ,Miracle on the Hudson
flight” occurred in January 15, 2009, when a commercial airplane landed
on the Hudson river and all 155 passengers and the crew members
survived (CN Traveler, 2022). However, even when an aircraft somehow
lands, a very important moment is to evacuate the passengers from the
airplane to the safety. Potential scenarios can be different: an engine
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failure while taking off, missed runway while landing, wheals failure while
taking off or landing, outing of the runway, etc. This task can be very
hard, depending on many factors. In many cases, passengers try to
evacuate the aircraft without any kind of organisation, tactics or plans;
the presence of fear and panic is huge and injuries and even deaths are
very likely to happen. Also, very often, the cabin crew do not have
precise and continual connection and communication both between
themselves and with the passengers which implies a delayed or
considerably longer evacuation. The fact that the aircraft must be
evacuated immediately is disturbing enough in its own right, but in the
presence of other phenomena such as fire, smoke, sparking, etc., the
whole situation becomes extremely tense and likelihood for accidents
significantly increases. Generally, evacuation from a landed aircraft can
be realized by emergency exits which can be equipped with stairs,
emergency slides and emergence ropes (SKY Bary, 2022).

Therefore, for safe and effective evacuation, it is very important to
know which evacuation strategy to apply in different situations: in which
direction to go, which exit to choose, how fast to go in order to avoid the
jams and crowds, etc. In a situation such as force landing or a bomb
threat, these tasks can be very hard to realise because of the presence
of many different factors such as fear, stress, panic, lack of time, etc. It
would be thus best to somehow predict as many potential scenarios as
possible and calculate potential evacuation times. All of this is possible
with the use of simulation software. So, this paper was written to show
the advantages of simulation software use in the prediction of
evacuation. The main motive and the aim of evacuation is to save human
lives. The most important advantages of simulation software use are to
calculate times needed for evacuation from aircraft in different situations
and scenarios and predict a lot of potential situations and scenarios in a
safe, inexpensive and effective way. The number of all potential
scenarios is huge and it is almost impossible to predict all potential
scenarios, but with use of simulation software a lot of scenarios can be
realized and analysed so that the knowledge and results gained in that
way generally significantly improve a degree and efficiency of
evacuation. The main contribution of this work is in prediction - in
determining the best evacuation scenarios for occupants in some real
situations by using simulation software. The use of the simulation
software method for predicting evacuation is still a novelty and a method
not used enough for determining evacuation scenarios and calculating
evacuation times. The use of simulation software is safe for human lives
because real occupants are not involved. It is also very cost-effective
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because it does not require the use of different material resources. And,
of course, it is very precise because simulation software uses checked
algorithms for calculations with the influences of many different factors
(speed of occupants, stairs dimensions, number of occupants, etc.).

Pathfinder simulation software

The main method used in this paper was the simulation method.
Although computer-based simulations have been used in last 20-25
years, it is still a method not often used (Galea et al, 1998). Simulation is
possible by the use of proper simulation software, called Pathfinder
software, version 2021. There are very important reasons for simulation
software use in evacuation. Safety is above all. It would be almost
impossible in reality to design and test evacuation scenarios without
accidents and even victims and material resources destruction. Then
comes accuracy. The software of this kind shows a great degree in
precision and accuracy. In addition, the time needed for calculating the
whole simulation is significantly shorter than the time needed for a
simulation without simulation software.

This powerful simulation software provides simulations of people
moving along various passageways such as stairs, elevators, or ramps
with different speeds of occupants. There are two different simulation
modes: a so-called SFPE mode and a steering mode. One of very
important characteristics of this software is to ,import* files from other
programs which significantly increases the compete simulation process
because in that case it is not necessary to draw the environment
(Thunderhead, 2017; Jevti¢, 2021).

Simulation model

The aircraft simulation model was designed in the Pathfinder
simulation software based on the aircraft real dimensions. The simulated
aircraft was A 321. There are different versions of this aircraft. The
simulated version was based on the following dimensions: overall length
44.51 m, cabin length 34.44 m, maximum seating places 220, fuselage
width 3.95 m, maximum cabin width 3.7 m and wing span 35.8 m. The
complete interior was designed to imitate the real aircraft (seats,
compartments, etc.). The complete number of persons/occupants in the
aircraft was 228. This number also included three members of the pilot
crew and five members of the flight attendant crew (Airbus Aircraft,
2022).
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The evacuation from the aircraft was simulated with two different
scenarios: using ordinary stairs for passengers and using emergency
slides. For the first scenario, there were three different simulations
realized: with one front door opened, with two doors opened (the front
and the back ones) and with three doors opened. All used doors in
simulations for this scenario were on the same side of the aircraft.
Although there are four doors on both sides of the aircraft, in real
situations at airports, mostly one or two entry/exit doors with stairs are
used. The speeds of passengers/occupants were 0.2 m/s, 0.3 m/s, 0.4
m/s, 0.5 m/s, 0.75 m/s, 0.95 m/s and 1.15 m/s. These speeds were
chosen because of the lack of space in the aircraft for bigger speeds and
the existence of seats and a narrow aisle in the middle of the aircraft.

For the second scenario, there were eight different cases simulated.
The first case involved all eight doors opened; the second case involved
one door closed and seven doors opened; the third case involved two
doors closed and six doors opened; the fourth case involved three doors
closed and five doors opened; the fifth case involved four doors closed
and four doors opened; the sixth case involved five doors closed and
three doors opened; the seventh case involved six doors closed and two
doors opened, and the eighth case involved seven doors closed and one
door opened. For each of seven cases, the emergency slides were used.
The speeds of passengers/occupants were 0.2 m/s, 0.3 m/s, 0.4 m/s, 0.5
m/s, 0.75 m/s, 0.95 m/s and 1.15 m/s in the plane, while the emergency
slide speed was 1 m/s.

The first case involved (£)=1 possibility for every speed of

passengers/occupants. The second case involved (%)=8 different
possibilities for every speed of passengers/occupants. The third case
involved  (£)=28  different  possibilities for every speed of

passengers/occupants. The fourth case involved (£)=56 different
possibilities for every speed of passengers/occupants. The fifth case
involved (5)=70 different possibilities for every speed of

passengers/occupants. The sixth case involved (£)=56 different
possibilities for every speed of passengers/occupants. The seventh case
involved  (£)=28 different possibilities for every speed of

passengers/occupants. The eighth case involved (Z)=8 different

possibilities for every speed of passengers/occupants. The doors with
emergency slides were marked with numbers from 1 to 8. The exit doors
also have the same marks.
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The simulation model of the A 321 aircraft with its interior is
presented in Figure 2 in Pathfinder software while the emergency slides
of the aircraft marked with numbers from 1 to 8 are presented in Figure 3.
Many details in figures could be visible if the HIDE function were not
activated.

Figure 2 — The simulation model of the A 321 aircraft with its interior, Pathfinder

presentation
Puc. 2 — ImumauyuoHHasi Mmodesnb camoniema A 321 ¢ e20 UHMepPbLEPOM, rpe3eHmayusi
Pathfinder
Cnuka 2 — CumynayuoHu modern asuoHa A 321 ca yHympauwrowhy y npeseHmauyuju
Pathfinder
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Figure 3 — Emergency slides of the aircraft marked with numbers from 1 to 8
Puc. 3 — AsaputiHbie 8bix00bl camonema o0603Ha4yeHb! yugppamu om 1 o 8
Cnuka 3 — U3nasu y criyqajy esakyauyuje u3 aguoHa, o3Ha4yeHuU 6pojesuma 00 1 0o 8

Simulation results

All simulation results for this paper were realized on a laptop Dell
Latitude, with Intel® Core™ i7-1185G7 (4 Core, 12M cache, base
3.0GHz, up to 4.8GHz, vPro) processor and 16 GB of RAM memory. It is
recommended to use a computer with ,strong“ hardware support for work
with simulations.

Some simulation moments are presented in Figures from 4 to 7,
while the simulation results are given in Figures 8 to 25.

Because of a huge number of realised simulations and the paper
limitations, only the results for the fastest and the slowest possibilities for
every case of the second scenario were presented.

Figure 4 — Simulation moment for the second case of the first scenario at 170 seconds
after the start of the simulation
Puc. 4 — MomeHm umumauuu 0py2020 criy4asi 1o nepeomy cuyeHapuro yepe3 170 cekyHO
rocne Ha4yana umumayuu
Cnuka 4 — TpeHymak cumynayuje 3a Opyau cry4aj npeoe cueHapuja rnocne 170 cekyHOu
00 noyemka cumynauyuje
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Figure 5 — Simulation moment for the third case of the first scenario at 88 seconds after
the start of the simulation
Puc. 5 — MomeHm umumayuu mpembe20o criy4as rno rnepeomy cueHapuro yepes 88
cekyHO nocre Ha4dana umumauuu
Cnuka 5 — TpeHymak cumynayuje 3a mpehu crniyyaj npeoe cuyeHapuja rnocrne 88 cekyHou
00 rnnoyemka cumynauuje

Figure 6 — Simulation moment for the seventh case of the second scenario after 130
seconds after the start of the simulation
Puc. 6 — MomeHm umumayuu cedbMOo20 Criyqasi no 8mopoMy cueHaputo Jepes 130
ceKyHO nocrie Ha4yana umumayuu
Cnuka 6 — TpeHymak cumynayuje 3a ceOmu cnydaj Opyeoe cyeHapuja nocrne 130
cekyHOU 00 rnoyemka cumyrnauyuje

Figure 7 — Simulation moment for the fourth case of the second scenario after 28 seconds
after the start of the simulation
Puc. 7 — MomeHm umumauyuu 4emeepmozo criydasi o 8MmopoMy cuyeHapuro yepes 28
ceKyHO nocre Ha4yana umumayuu
Cnuka 7 —TpeHymak cumynauyuje 3a yemepmu cry4yaj Opyaoe cueHapuja rocrne 28
cekyHOU 00 rnoyemka cumynayuje
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Figure 8 — Simulation results for the first case of the first scenario

Puc. 8 - Peaynbmambl MOOeﬂU,DOGaHUFI rnepeoco criyyasd rio rrepeomy cueHapuro

Criuka 8 — CumynayuoHu pesynimamu 3a fpeu ciyyqaj npeoe cueHapuja

Number of occupants 0.2 m/s
250 .
0.3 m/s
200 0.4 m/s
m/s
150 .75 m/s
95 m/s
100 15 m/s
50
0]
0 100 200 300 400 500 600

Time [s]

Figure 9 — Simulation results for the second case of the first scenario

Puc. 9 — Peaynbmambi MOdesiupo8aHUsi 8MmMopoeo Criy4asi Mo rnepeomMy cueHapuro

Cnuka 9 — CumynayuoHu pesynmamu 3a Opyau crydyaj npeoe cyeHapuja
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Figure 10 — Simulation results for the third case of the first scenario

Puc. 10 — Pesynbmambl MoOeniupogaHusi mpembe20 Crly4yasi 1o nepeomy cueHapuro
Cnuka 10 — CumynayuoHu pedynmamu 3a mpehu criydaj npeoe cueHapuja
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Figure 11 — Simulation results for the first case of the second scenario
Puc. 11 — Pe3ynbmambl MOOEIUPO8aHUs ep8oeo Ciiy4asi 1o 8MopoMy CUeHapuio
Cnuka 11 — CumynayuoHu pe3ynmamu 3a fpeu criy4aj Opyeoe cyeHapuja

Number of occupants 0.2 nv's
250 .
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Figure 12 — Simulation results for the fastest times of the second case of the second
scenario
Puc. 12 — Pe3ynbmamasi MOOesiupogaHusi ckopelileao epeMeHU 8Mmopoao cydas o
8mopomy cueHapuro
Cnuka 12 — CumynayuoHu pesynmamu 3a Hajbpxa epemeHa Opyzoe ciy4yaja Opyzo2
cuyeHapuja

™Number of occupants
250

200

Time [s]

Figure 13 — Simulation results for the slowest times of the second case of the second
scenario
Puc. 13 — Pe3synbmambl MOOeiuposaHusi camo2o MedsieHHO20 8peMeHU 8MOpPo20
Crydasi o 8mopoMy CUEHapuro
Cnuka 13 — CumynayuoHu pe3ynmamu 3a Hajcriopuja epemeHa dpyaoe criyqaja Opyeoe
cueHapuja
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Figure 14 — Simulation results for the fastest times of the third case of the second
scenario
Puc. 14 — Pe3synbmambl MOOeupo8aHusi ckopelilue2o epeMeHuU mpembe20 criy4Yas o
8mopomy cueHaputo
Cnuka 14 — CumynayuoHu pe3ynmamu 3a Hajbpxxa epemeHa mpehee crnyyaja dpyzoez
cuyeHapuja

™Number of occupants
250

200
Time [s]

Figure 15 — Simulation results for the slowest times of the third case of the second
scenario
Puc. 15 — Pe3ynbmambi MoOesiupogaHusi caMo2o MeOrieHHO20 8PEMEHU 8MOpPO20
Cryyasi o 8mopoMy cueHaputo
Criuka 15 — CumynayuoHu pesynimamu 3a Hajcriopuja epemeHa Opyaoe criydaja opyaoe
cuyeHapuja
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Figure 16 — Simulation results for the fastest times of the fourth case of the second
scenario
Puc. 16 — Pe3ynbmambl MOOeIUpo8aHUsi CKopelilue2o 8peMeHU Yemaepmoeo criy4asi rno
8MoOpOoMy CUEHaputo
Cnuka 16 — CumynayuoHu pe3ynmamu 3a Hajopxxa epemMeHa 4emepmoe criy4daja dpyao2
cueHapuja

982




Number of occupants
250

200
150

100

m/'s
nm/s
nmy's
mys
7S s
.95 mv's

1.15 mv's

50

o
(8] 50 100 150 200
Time [s]

Figure 17 — Simulation results for the slowest times of the fourth case of the second
scenario
Puc. 17 — Pe3ynbmambi ModeniupogaHusi camMo2o MeOrieHHO20 8peMEeHU Yemeepmoao
cry4asi o 8mopoMy CUEHapuUro
Cnuka 17 — CumynayuoHu pe3ynmamu 3a Hajcriopuja epeMeHa 4emepmoea ciiy4yaja
Opyezoe cuyeHapuja

MNumber of occupants 0.2 m/s
250 -
3 mrs
500 4 m/s
5 my's
150 .75 m/s
95 m/s
100 .15 m/s
S0
8]
(8] 50 100 150 200
Time [s]

Figure 18 — Simulation results for the fastest times of the fifth case of the second scenario
Puc. 18 — Pe3ynbmambi MoOesiupo8aHusi CKopelweao 8peMeHU simoao criy4Yas ro
8mopomy cueHaputo
Cnuka 18 — CumynayuoHu pe3ynmamu 3a Hajbpxa epemeHa nemoe cry4yaja opyzoa
cuyeHapuja

™Number of occupants
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200
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Time [s]
Figure 19 — Simulation results for the slowest times of the fifth case of the second
scenario
Puc. 19 — Pe3ynbmamabi MoOesiupogaHusi camo20 MeO/IeHHO20 8PEMEHU MSIMO20 Crlyvasi
10 8MOpPOMY CUEHapuro
Cnuka 19 — CumynayuoHu pe3ynmamu 3a Hajcriopuja epemeHa nemoe criy4yaja opyzoa
cuyeHapuja
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Figure 20 — Simulation results for the fastest times of the sixth case of the second
scenario
Puc. 20 — Pe3ynsmambi MoOenuposaHusi CKopeliuieao 8peMeHu Wecmoeo cryYasi rno
8MopoMy CUEHaputo
Crnuka 20 — CumynayuoHu pesynmamu 3a Hajbpxa epeMeHa wecmoe criyyaja opyeoe
cueHapuja
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95 m/s
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50
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Time [s]
Figure 21 — Simulation results for the slowest times of the sixth case of the second
scenario
Puc. 21 — Pe3ynsmambi MoOenuposaHusi camMo2o MeOIeHHO20 8pEMEHU WECMO20
Criy4asi o 8mopoMy CUEHapuro
Cnuka 21 — CumynayuoHu pe3ynmamu 3a Hajcriopuja epemeHa wiecmoe crydaja dpyzoe
cueHapuja
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Figure 22 — Simulation results for the fastest times of the seventh case of the second
scenario
Puc. 22 — Pe3ynbmamsl MoOenupogaHusi ckopeliez20 epemeHu cedbMo20 cry4yas ro
8MopoMy CUeHaputo
Cnuka 22 — CumynayuoHu pe3ynmamu 3a Hajbpxxa epemeHa ceOmoe criy4daja dpyao2
cuyeHapuja
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Figure 23 — Simulation results for the slowest times of the seventh case of the second
scenario
Puc. 23 — Pe3ynbmamabi MoOesiupogaHusi camoz2o MedrieHHO20 8peMeHU ceObMO20
Crlyyqasi o 8mopoMy cueHapuio
Crnuka 23 — CumynayuoHu pesynimamu 3a Hajcriopuja epemeHa cedMoe criyqaja dpyeoe

cuyeHapuja
Number of occupants 0.2 m/s
250
0.3 mvs
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Figure 24 — Simulation results for the fastest times of the eighth case of the second

scenario
Puc. 24 — Pe3ynsmambi MoOeniupogaHusi CKopeliuiezo 8peMeHU 80CbMO20 Crly4asi 1o
8MopoMy CUEeHapuio
Cnuka 24 — CumynayuoHu pe3ynmamu 3a Hajbpxxa epemeHa ocMoe criy4daja dpyao2

cuyeHapuja
MNumber of occupants 0.2 mv/s
250 0.3 mv/s
200 -4 1m .7-
.5 /s
150 75 mys
95 mi/s
100 1.15 mv/s
50
(]
(o] 100 200 300 400
Time [s]
Figure 25 — Simulation results for the slowest times of the eighth case of the second

scenario
Puc. 25 — Pesynbmambl MoOenupogaHusi camoeo MedrieHHO20 8peMeHU 8mopoeo
Crly4asi o 8mopoMy cueHaputo
Cnuka 25 — CumynayuoHu pe3ynimamu 3a Hajcriopuja epeMeHa 0cMo2 criyqaja Opyaoe
cuyeHapuja
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Analysis of the results

The total number of realised simulations was 255. The first scenario
involved evacuation from the aircraft but with the use of ordinary stairs,
for noted speeds of passengers/occupants. The second scenario
involved evacuation with the use of emergency slides. Because of eight
doors with eight emergency slides, every potential combination of
opened/closed doors was simulated. Of course, due to the paper
limitations, only the fastest and the slowest possibilities of seven cases of
the second scenario were presented (the first case of the second
scenario had only one possibility).

The realized results for the first scenario showed that the longest
time needed for a complete evacuation of the aircraft was for the case
where one door was opened and one staircase in use, for the
passengers/occupants’ speed of 0.2 m/s and it was 1137.4 seconds
(Figure 8). The shortest time needed for a complete evacuation of the
aircraft was for the case where three doors were opened and three stairs
in use, for the passengers/occupants' speed of 1.15 m/s and it was 132.4
seconds (Figure 10). These times are in line with similar calculated and
realised times on other similar aircraft types.

There were a lot of potential possibilities needed for some cases
from the second scenario, such as the second, the third, the fourth, the
fifth, the sixth and the seventh possibility. Because of the paper size
limitations, only the fastest and the slowest possibility for every of the
noted cases of the second scenario would be presented. It was
necessary to analyse this huge number of potential possibilities in order
to comprise all potential cases.

There was only one possibility for the first case of the second
scenario where all available doors/exits were opened. The shortest time
needed for a complete evacuation of the aircraft was for the
passengers/occupants' speed of 1.15 m/s and it was 42.9 seconds. The
longest time needed for a complete evacuation of the aircraft was for the
passengers/occupants’ speed of 0.2 m/s and it was 122.7 seconds
(Figure 11).

There were eight possibilities for the second case of the second
scenario. The shortest time needed for a complete evacuation of the
aircraft was for the passengers/occupants’ speed of 1.15 m/s and it was
46.6 seconds, when the third or the fourth or the fifth or the sixth door
was closed (Figure 12). The longest time needed for a complete
evacuation of the aircraft was for the passengers/occupants' speed of 0.2
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m/s and it was 134.7 seconds, when the first or the second doors were
closed (Figure 13).

There were twenty-eight possibilities for the third case of the second
scenario. The shortest time needed for a complete evacuation of the
aircraft was for the passengers/occupants' speed of 1.15 m/s and it was
48.8 seconds, when the first and the seventh doors were closed (Figure
14). The longest time needed for a complete evacuation of the aircraft
was for the passengers/occupants' speed of 0.2 m/s and it was 178.9
seconds, when the third and the sixth doors were closed (Figure 15).

There were fifty-six possibilities for the fourth case of the second
scenario. The shortest time needed for a complete evacuation of the
aircraft was for the passengers/occupants' speed of 1.15 m/s and it was
64.8 seconds, when the second, the fourth and the seventh doors were
closed (Figure 16). The longest time needed for a complete evacuation of
the aircraft was for the passengers/occupants' speed of 0.2 m/s and it
was 191.3 seconds, when the third, the fourth and sixth doors were
closed (Figure 17).

There were seventy possibilities for the fifth case of the second
scenario. The shortest time needed for a complete evacuation of the
aircraft was for the passengers/occupants' speed of 1.15 m/s and it was
79.4 seconds, when the second, the fourth, the sixth and the seventh
doors were closed (Figure 18). The longest time needed for a complete
evacuation of the aircraft was for the passengers/occupants' speed of 0.2
m/s and it was 221.6 seconds, when the third, the fourth, the fifth and the
sixth doors were closed (Figure 19).

There were fifty-six possibilities for the sixth case of the second
scenario. The shortest time needed for a complete evacuation of the
aircraft was for the passengers/occupants' speed of 1.15 m/s and it was
100.8 seconds, when the second, the fourth, the sixth, the seventh and
the eighth doors were closed (Figure 20). The longest time needed for a
complete evacuation of the aircraft was for the passengers/occupants'
speed of 0.2 m/s and it was 276.2 seconds, when the third, the fourth,
the fifth, the sixth and the seventh doors were closed (Figure 21).

There were twenty-eight possibilities for the seventh case of the
second scenario. The shortest time needed for a complete evacuation of
the aircraft was for the passengers/occupants' speed of 1.15 m/s and it
was 127.5 seconds, when the second and the fourth doors were opened
(Figure 22). The longest time needed for a complete evacuation of the
aircraft was for the passengers/occupants' speed of 0.2 m/s and it was
348.25 seconds, when the first and the second doors were opened
(Figure 23).
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There were eight possibilities for the eighth case of the second
scenario. The shortest time needed for a complete evacuation of the
aircraft was for the passengers/occupants’ speed of 1.15 m/s and it was
208.5 seconds, when the third door was opened (Figure 24). The longest
time needed for a complete evacuation of the aircraft was for the
passengers/occupants’ speed of 0.2 m/s and it was 376.65 seconds,
when the second door was opened (Figure 25).

It is very important to note that the speeds of passengers/occupants
were the same for all of the realised simulations, which is almost
impossible in real situations because of a lot of factors such as fear and
panic, different anatomy, positions, group and individual behaviour and
many others. As an example, fear and panic can have a significant
influence on human behaviour in terms of disorder and confusion, which
directly implies an increase in evacuation time, accidents and even death
epilogues (Kady & Davis, 2009; Deng, 2016).

In comparison to other similar papers, it is important to add that the
realised simulation results were in line with similar realised simulation
results, although the jam effect on a complete evacuation times has not
been taken into account. In comparison with similar simulations realised
in the simulation model of the Airbus A330-300 aircraft, the evacuation
times were shorter in cases when several doors/exits were available
(42.9 to 48.8 seconds against 50 to 59 seconds). These results were
expected because the Airbus A330-300 has 285 passengers (Choochart
& Thipyopas, 2020). Also, in the comparison with similar scenarios
realised on the SSJ-100 aircraft, similar results were expected and
realised, taking into account all potential differences between scenarios
and aircraft with slight differences (79.4 seconds against 92 seconds)
(Suharev et al, 2020). Moreover, it is very important for an evacuation
strategy and evacuation times to know the cause for an evacuation (fire,
bomb threat, forced landing, fumes, etc.).

Conclusion

The results realised in this paper showed the evacuation times for
two different scenarios with the use of stairs and emergency slides. The
use of simulation software in the solutions of evacuation problems is of
great significance. The most important advantages of simulation software
use in evacuations are efficiency, cost-effectivenesss and safety. For
some situations, of course, it is almost impossible to determine all
potential evacuation routes and to calculate all evacuation times, but,
with the use of this software, it is possible to calculate evacuation times
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for different evacuation routes and for different speeds of occupants.
Also, it would be almost an impossible task to create a real model of the
aircraft and test all potential scenarios with real humans as passengers
with different speeds in a safe, precise and inexpensive way.

The main contributions of this paper are in calculating evacuation
times for different speeds of passengers/occupants and in determining
which combinations of opened/closed doors/exits are the most effective.
In case that an aircraft must land immediately, many failures can occur
S0 passengers cannot use all predicted exits. Therefore, it would be very
useful in some real situations for passengers and crew members to know
how to behave, organise and where and how fast to go in order to leave
the aircraft in the fastest and safest way.

Future investigations would be directed towards calculations of
evacuation times and predictions of evacuation routes with the presence
of children, immobile or hard mobile persons, crowd and jams potentials
and consequences, etc inside the aircraft. These calculations and
simulations will provide proper evacuation strategies and precisely
calculate potential evacuation times even in these cases, taking into
account all potential factors (speed of hard mobile or immobile persons,
dimensions of wheelchairs, etc).

Simulation software in evacuation presents a very important
engineering tool with important advantages and its use for complex
evacuation problems is mandatory.
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OBAKYALINA MACCAXNPOB N3 COBEPLUMBLLUEIO NMOCAOKY
CAMOIJIETA

Padoe b. EBTUY

OnekTpoTexHu4eckmin TexHnkym «Hukona Tecnay,
r. Huw, Pecny6bnuka Cepbus

PYBPUKA TPHTW 73.37.17 Be3onacHOCTb NOMETOB BO3AYLUHbIX Cy40B
73.01.92 MNMoxapHasi 6e3onacHOCTb
BWO CTATbW: opurmHanbHasa Hay4yHas cTaTtbs

Pesrome:

BeedeHue/uens: Camonemsl 6/1510mcsi OOHUM U3 caMbIX Oy nsipHbIX
u 6esonacHbix 8udo8 mpaHcriopma. Ho Hecmompsi Ha mo, 4mo
peaynsapHO npednpuHUMaomcs pas/udyHble Mepbl 6e3onacHocmu,
Hec4acmHble crlyqau ece xe criydatomcs. Ecnu camonem kakum-mo
obpazom npoussen rnocadKy, He3asUCUMO OmM CMmeErneHuU 2o
rnospexdeHus, enasHou 3adadel siensgemcsi bbicmpas u be3onacHas
38aKyayusi naccaupos U3 camosiema. 3eaKyayusi Mnaccaxupos
s6519emcsi O4eHb CJIOXKHOU U omeemcmeeHHOoU 3adavell 8 cusy
pasnuyYHbIX ¢hakmopos, Makux Kak cmereHb roe8pexo0eHus, Hanu4ue
02HSl, CKOpOCMb raccaxupos, rnaHuka, cmpax u np. [loamomy
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upessbidaliHo  8aXHO  MpedycMompems  B803MOXHbIE  CrlOCObbI
3saKyayuu, 603MOXHble cmpameauu U Mapwpymsbl 38akyauyuu.
CocmosiHue npusemnueuwiezocsi camosiema moxem Obimb pPasHbIM,
nosmomy Heobxodumo npouszgecmu bbicmpyto U be3onacHyro
38aKyayuro naccaxupos.

Memodbi: B daHHoU cmambe 051 pacdema Heobxodumo20 8peMeHU
38aKyayuu U 803MOXHbIX Mapuwpymos 3gaKyauuu rpuMeHeH mMemoo
umMumauyuoHHoeo modesnuposaHusi. ModenuposaHue npoeoousiock 8
rnpozpamme 0Ond  MOOenUpoBaHUs 3eaKyauuu 8 4pe3ebidalHbiX
cumyauusix Pathfinder.

Pesynbmamesi: WccrnedosaHue rnposedeHO Ha coomeemcmsyroujeli
umumauyuoHHol mModesniu camosiema ¢ mpanamu U 38aKyauyUuOHHbIMU
eopkamu. Pesynbmambl uccriedosaHusi rokasanu epemsi 3sakyauuu
no 0s8yM pasHbIM CUeHapusiM, C y4emoMm pasfiuyHol cKopocmu
peazuposaHusi Maccaxupos.

Bbigodbl:  Mcnonb3osaHue — npoepaMMHO20 — obecriedeHuss  Ons
modenuposaHuUsi  38aKyauyuu  sensemcss  eecbMa  3hPEKMUBHbIM
criocobomM € mMoO4YKu  3peHuss beszormacHocmu, cmoumocmu U
npedckazyemocmu. Amom murl fpoepaMmMHO20 0becreyeHus sesemcs
06513amesibHbIM UHXEHEPHbIM UHCMPYMEHMOM Orsi 3¢hghbeKmueHo20 U
MOYHO20 PEeLeHUs 38aKyalyUOHHbIX U aHario2u4HbIx 3aday. Llesib daHHOU
cmambu 3akmodaemcss 8  fpedcmassieHUU B03MOXHbIX CUeHapues
38aKyayuu naccaxupos u3 cosepuiuslue2o rnocadky camornema.

Knrodeebie criosa: agakyauusi, camoniem, ModesupogaHue, naccaxup.

EBAKYALIMJA MYTHUKA N3 ABNOHA HA 3EMJ/bA
Padoje b. JeBTuh
EnektpoTtexHuyka wkona ,Hukona Tecna”, Huw, Penybnuka Cpbuja

OBJIACT: aBujauuja, 6€36eHOCT 1 30paBrbe byam
KATEITOPWJA (TWIM) YINAHKA: opyruHanHu Hay4yHu pag

Caxemak:

Ye800: AsuoHu npedcmaerbajy jeOHa 00 HajkopuwheHujux U
Hajbe3bedHujux caobpahajHux cpedcmasa. Unak, u noped rpedy3umar-a
MHO2UX cu2ypHOCHUX Mepa, Hecpehe ce Odewasajy. be3 ob3upa Ha
cmeneH owmehera, YKOMUKO aBUOH unak criemu, HajeaxHuje je da ce
nymHuyu 6p3o u 6e3bedHo esakyuuwly. To je geoma KomriniekcaH U
3axmeesaH 3adamak 3602 HEKOJIUKO pasnudumux ¢ghakmopa, Kao wmo cy
cmenieH owmehersa, npucycmeo eampe, bp3uHa MymHuka, rpucycmeo
naHuke u cmpaxa umad. 3amo je seoma 8axHo Oa ce npedsude moayhu
Ha4yuHU esaKyauuje, Kao U esakyauyuoHe cmpameauje u pyme. A8UOH
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Koju je criemeo Moxe bumu y pasnuyumum cmarsuma, mako 0a je 6psa u
cugypHa egaKyauuja rymHuka eeoma 8axHa.

Memode: 3a npopadyH rnompebHuUx epemeHa esakyauuje u moeyhux
esaKyauuoHux pyma KopuwheH je cumynayuoHu memod. Cumynayuje cy
pearsnusosaHe y cumysayuoHom cogpmeepy Pathfinder.

Pesynmamu: Pe3synmamu ooz pada peanu3osaHu cy Ha odzoeapajyhem
cumynayuoHoMm Mmodesly asuoHa ca cmerneHuyama u moboeaHuma U
rokasasnu cy esakyauyuoHa epeMeHa 3a 08a pasfuduma cueHapuja, 3a
pasnuyume 6p3uHe rymHuKa — oKynaHama.

Sakrbyyak:. Yrnompeba cumynayuoHoz cogpmeepa y esakyauyUuOHUM
cumyauyujama eprio je egpukacHa. Oea epcma coghmeepa je cuzypHa,
jecbmuHa u uma moeyhHocm npedsuhara. [lpedcmaerba obasesaH
UHXEHEPCKU anam 3a equkacHuje U rpeyusHuje pewasar-e
esaKyauuoHUX U CIIUYHUX rpobrema.

KrbyuHe peuu: egakyayuja, asuoH, cumynauyuja, rnymHuk.
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