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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.

KEYWORDS: evacuation, aircraft, simulation, passenger.

Pe sowMme

Bseaenue/nean: CaMOAETHI SBASIIOTCS OAHMM U3 CAMBIX IONYASPHBIX U 6€30MacHbIX BUAOB Tpancroprta. Ho necmotps Ha To,
YTO PETYASIPHO MPEANPUHUMAIOTCS PA3AMMHBIE MEPHI GE30TACHOCTH, HECYACTHBIE CAYYAH BCE K€ CAyYaroTCs. Ecam camonaer
KaKuM-TO 06pa3oM NpPOM3BEA TOCAAKY, HE3ABUCUMO OT CTENEHH €ro NOBPEXKACHHSA, TAABHOH 3aAadell sBAseTcs ObicTpas u
6e30MacHas IBAKYAIIHS [TACCAKUPOB U3 CAMOAETA. JBAKYAIUS TACCAKMPOB ABASETCS OYEHb CAOXKHOMN U OTBETCTBEHHOH 3aAa9eil
B CHAY Pa3AMYHBIX (AKTOPOB, TAKUX KaK CTETEHb TOBPEKACHHS, HAAMYUE OTHS, CKOPOCTb MACCAKHPOB, MAHHKA, CTPAX U TIP.
[ToaToMy Ype3BBMAHO BAXHO IPEAYCMOTPETH BO3MOXKHBIE CMIOCOOBI 9BAKYAITUH, BO3MOYKHBIE CTPATErMH U MAPIIPYTHI 3BAKYALUH.
CocTosiHME TIPH3EMAHMBIIETOCS CAMOAETA MOXET OBITh PasHbIM, MO3TOMY HEOOXOAMMO NMpPOH3BECTH ObICTPYIO M GezomacHyio
3BaKyaIMIO TACCAXKHPOB.

Mertoabt: B pannoit crathe Aast pacdeTa HEOGXOAMMOTO BPEMEHH 3BAKYAIlUHM H BO3MOMKHBIX MAPUIPYTOB IBAKYAIUU TIPHMEHEH
METOA HMHUTAIHOHHOTO MOAEAMPOBaHHUSA. MoAEAHpOBaHHE NMPOBOAMAOCH B TIPOTPAMME AAS MOACAHPOBAHUS IBAKYallUH B
upesBbrdaiinbx curyanusax Pachfinder.
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RADOJE B. JEVTI#. EVACUATION OF AIRCRAFT ON LAND

PCSyAbTaTbI: I/ICCACAOBaHI/IC TIIPOBCACHO Ha COOTBCTCTByIOH.leﬂ PIMPITaLlHOHHOﬁ MOACAHM CaMOACTaA C TpalaMH M 3BaKyallMOHHbIMH
TOpKaMH. PCSyAbTaTbI HCCACAOBAHHUS ITOKA3aAHU BPEMSI 3BaKyalJMH IO ABYM Pa3HBIM CLCHApHSM, C YICTOM PaSAI/I‘{HOﬁ CKOpOCTH
pcarupoBaHHUs ITACCAKUPOB.

BLIBOAI)I: HcnoassoBanue TIpOrpaMMHOTO O6CCHC‘{CHI/I$[ AAST MOACAMPOBAHHS 3BaKyallUH SIBASICTCA BECbMa 3(1)(1)CKTI/IBHLIM
CHOCO6OM C TOYKH 3PCHHUA 6C3OHaCHOCTI/I, CTOMMOCTH H ITPCACKAa3yECMOCTH. ITOT THIT TIPpOrpaMMHOTIO 066CHC‘{€HI/I5{ SABASACTCA
O6H33TCALHLIM HH)XCHCPHBIM MHCTPYMCHTOM AAS 3(1)(1)CKTI/IBHOI‘O M TOYHOIO PCHICHUS 3BAaKyallMOHHBIX M aHAAOTHYHBIX 3aAad.
I_ICAI) AaHHOI./JI CTAaTbH 3aKAIOYACTCSA B MPEACTABACHUH BO3MOXXHBIX CLICHAPHEB 9BAKYyalJMH IMTACCA)KHUPOB M3 COBEPIIMBIICTO MTOCAAKY
CaMOAC€TA.

KnwdyeBbBe cJago0B a: 3BaKyalus, CAMOACT, MOACAHMPOBAHHE, ITACCAXKHP.

ABSTRACT:

VBoa: ABHOHM IIpeACTaBmajy jeaHa oA HajkopuutheHHjux u HajbesbeaHujux caobpahajumx cpeacrasa. Mmax, u mopea,
IpeAy3HMara MHOTUX CHI'YPHOCHHX Mepa, Hecpehe ce aemnaajy. Bes 063upa Ha creren omrchera, ykoAMKO aBUOH HIIAK cACTH,
HajBAXHH]E je Aa ce Ty THHUIHM Op30 1 6e36eaHO eBakynury. To je BeoMa KOMITACKCAH M 3aXTEBAH 3aAATAK 300T HCKOAMKO Pa3AMYHMTHX
daxropa, Kao wTo cy cTeneH omTehema, IpuCcycTBO Batpe, 6p3HHA Ty THHKA, IPHCYCTBO MAHKKE H CTPAXa UTA. 3aTO je BeOMa BAXKHO
Aa ce peaBrAC MOTyhn HaYMHY eBaKyalHje, Kao M eBaKyallHOHE CTPATETHje U PyTe. ABHOH KOjH j€ CAETEO MOKE OUTH Y pasAHHTHM
CTabHMa, TaKO A2 je Op3a 1 cUIypHa eBaKyalHja Iy THAKA BEOMa BaXKHa.

Meroae: 3a mpopadyH nmorpeGHHX BpeMeHa €BaKyanuje u moryhux eBakyanmonnx pyra xopumhen j€ CHMYAQITHOHH METOA.
Cumyaanyje cy peaansopate y cuMyaanponoM codrsepy Pathfinder.

Pesyatatn: PeayaTaTn 0BOT papa peaAn3oBaHH Cy Ha OATOBapajyheM CHMyAaLIMOHOM MOACAY aBHOHA Ca CTCTICHULIAMA M TOGOTaHNMa
H [IOKa3aAH Cy €BAKYALIMOHA BPEMCHA 32 ABA PA3ANMHTA CLICHAPH)2, 32 PA3AHYNTE GP3HHE Iy THUKA - OKyIIAHATA.

3akayuak: Yinorpeba cuMyaanmoHor copTBepa y CBaKyaLMOHUM CUTyaLHjaMa BPAO je edukacua. OBa BpcTa codprBepa je cHrypHa,
jeptuHa M uma moryhnoct mpeasubama. [TpeacTaBma 06GaBesaH MHXKEBEPCKH aAaT 32 epUKACHMje M IPCLUSHHUjE PelIaBabe
eBaKyauI/IOHI/IX U CAUYHUX HPO6ACM&.

KEYWORDS: eBaKyaunja, aBHOH, chyAaqua, Ty THHUK.

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).

Number of accidents
-

=
.

30

1919 1936 1953 1970 1987 2004 2021
Year

FIGURE 1
Aircraft accidents from 1919 till October 2021

Puc. 1 — ABunakaractpodst ¢ 1919 no oxrsa6ps 2021 rog
Cauxa 1 — Asnoncke Hecpehe 0p 1919. o0 okTo6pa 2021. roaune
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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 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 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

974



RapoJE B. JEVTI#. EVACUATION OF AIRCRAFT ON LAND

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
simport“ 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).

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/sand 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
(=s different possibilities for every speed of passengers/occupants. The third case involved - different
possibilities for every speed of passengers/occupants. The fourth case involved ¢)-s different possibilities
for every speed of passengers/occupants. The fifth case involved )= different possibilities for every speed
of passengers/occupants. The sixth case involved (¢)=ss different possibilities for every speed of passengers/
occupants. The seventh case involved )= different possibilities for every speed of passengers/occupants.
The eighth case involved ()= 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.

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.
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FIGURE 2
The simulation model of the A 321 aircraft with its interior Pathfinder presentation

Puc. 2 — Vimurannonsas Moaeab camoaera A 321 ¢ ero HHTEpbepOM, PE3CHTALMS Pathfinder
Canka 2 — Cumyaannonn moaea auona A 321 ca ynyrpammowhy y npesenrauuju Pathfinder

FIGURE 3
Emergency slides of the aircraft marked with numbers from 1 to 8

Puc. 3 — ABapuiiHble BBIXOABI camoAcTa 0603HaueHb! udpamu ot 1 40 8
Cauxa 3 — Vsaasu y cayuajy eBaKyaluje U3 aBHOHa, 03HaueHH OpojeBuma op 1 40 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.
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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 — MomeHT UMuTAIIUI APYTOTO CAy4as IIO IIEPBOMY ClieHapuio uepes 170 cekyHAIIOCAE HaYaAa UMHUTAITHU
Cauxa 4 — TpeHyTaK CHMYyAAIIHje 32 APYTH CAYYaj IPBOT CIieHapHja mocae 170 cekyHAMOA IOYETKA CHMYyAALuje

FIGURE 5
Simulation moment for the third case of the first scenario at 88 seconds after the start of the simulation

Puc. 5 - MoMeHT MMHTALIME TPETHETO CAyYas 110 IIEPBOMY CLICHAPHUIO Yepe3 88 cekyHA MOCAe HAYAAA IMUTAL[HH
Cauxa 5 - Tpenyrak cumyaanuje 3a Tpehu cayuaj npsor cuenapuja mocae 88 cekyHAHOA IOYETKA CHMyAALIHje

FIGURE 6
Simulation moment for the seventh case of the second

scenario after 130 seconds after the start of the simulation
PI/IC. 6 - MOMCHT HMHUTAIUN CCABMOTO Cquaﬂ o BTOPOMY CHCHEPI/I}O qCPCS 130 CCKyHA IIOCAC HaYaAa UMHUTAITNH
Cauka 6 - TpeHyTak cuMyAaLiHje 32 CEAMHU CAYYaj APYTOT cLieHapuja mocae 130 cexyHAH OA IIOYETKA CHMYyAALIHje
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FIGURE 7
Simulation moment for the fourth case of the second

scenario after 28 seconds after the start of the simulation
PI/IC. 7 - MOMCHT HMHUTAIINHU '{CTBCPTOFO CAy“[aﬂ o BTOPOMY CHCHaPHIO ‘{Cpes 28 CCKyHA ITOCAC Ha4YaAad UMUTALITUH
Cauka 7 -TpeHyTak cuMyAalHje 32 YETBPTHU CAYYaj APYIOT CLICHAPHja ITOCAE 28 CEKYHAH OA IIOYETKA CUMYAALHje

MNumber of occupants 0.2 uu's
250 -~
—_— 03 s
200 0.4 s
0.5 mis
150 0.75 /s
095 s
100 —— 1.15 nv's
—
) _\\ \
0 H‘N“-\
o ~— \\\
] 200 100 00 200 1000 1200
Time [5]

Simulation results for the first case of the first scenario
PHC. 8 - PCByAbTaTbI MOACAHPOB&HHX HCPBOFO CAy'{aﬂ no HePBOMy CuCHaPI/HO
CAI/IKa 8 - CI/IMyAaLu/IOHH PCByATQ.TI/I 3a HPBH CAy"Iaj HPBOF Cueﬂapﬂja

Mumber of cceupants 0.2 nvs
250
0.3 mv's
200 Q.1 rr
—n s
150 0.75 m/s
0.95 mis
100 1.15 s
“"“——-—-_________ —
S0 \\
o —
0 100 200 300 400 00 500
Tine [s]

Simulation results for the second case of the first scenario
Puc. 9 — PeayabraTsl MOACANPOBAHHUS BTOPOTO CAYYAsI ITO IEPBOMY CLIEHAPHIO
Canxa 9 — CUMyAQI[IOHH PESYATATH 32 APYTH CAy4aj IPBOT CLIEHAPHjA
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~Number of cccupanits —) TR
250 0.3 mvs
200 L B s ST
0.5 mv's
150 0.75 mv's
095 m's
100 115 mis
50
o T
SO0
Tuuc [s]
FIGURE 10
Simulation results for the third case of the first scenario
PI/IC. 10 d PCSyAbTaTbI MOACAI/IPOBQHI/IH TPCTbCI‘O CAy‘{a}I 1o I'ICPBOMy CLICH&PI/I}O
Cauxa 10 — CI/IMyAaI.II/IOHI/I pesyAaTatu 3a Tpehn CAYYaj IIPBOT CLIEHApHUja
Mumber of occcupants O.Z a's
=250 — 0.3 mv's
200 O.4 1Iwv's
—_—0.5 s
150 O.75 1
0.95 m/s
100

1.15 m's

—_—
o 20 10 a0 80 100 120
Fimme [s]

FIGURE 11
Simulation results for the first case of the second scenario

Puc. 11 — PeayAbraTsl MOACAHPOBAHUS IIEPBOTO CAYYas 110 BTOPOMY CLICHAPHIO
Caunka 11 — CumyaarnioHy pesyATaT 3a IPBHU CAYYaj APYTOT CLIEHApHja

MNMumber of occupants 0.2 m/s
0 0.3 nus
>3 0h L e
0.5 m/e
LED 0.75 mJ/s
\ 0.95 m/s
LOO -~ — 1.1 mvs
S0 H\"\\ T—
~ T~
o —_— Te— e —
(=18 ) 20 100 120 140
Time [ =]
FIGURE 12

Simulation results for the fastest times of the second case of the second scenario

Puc. 12 — Pe3yApTaThl MOACAHPOBAHHS CKOPEHIIIETO BPEMEHH BTOPOTO CAyYas HOBTOPOMY CLICHAPHIO

Cauxka 12 — CuMyaal{uOHU pe3yATaTH 32 HajOp>Ka BpeMEHA APYTOT CAy4Yaja APYTOT CLiCHapHja
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rumber of occupants
250

mvs
nmvs
200 s

s

1 h & W W

0.75 m/s
0.95 m/s

1.12 s

150

1000

S0

—_—

L&}

140

Time [=]

FIGURE 13
Simulation results for the slowest times of the second case of the second scenario

Puc. 13 — Pe3yApTaThl MOACAUPOBAHMS CAMOTO MEAACHHOTO BPEMEHU BTOPOTO CAY4Yast IO BTOPOMY CLICHAPHIO
Cauxka 13 — CuMyAaLIOHU PE3YATATH 32 HAjCIIOPUja BPEMEHA APYTOT CAydaja APYTOT CLieHapHja

MNumber of occupants —_—0.2 ms
o5
<= 0.3 mv's

200
150

100

0 20 40 (=18 ] 20 100 120 140
Time [s]

FIGURE 14
Simulation results for the fastest times of the third case of the second scenario

Puc. 14 - PesyAbTaThl MOACAMPOBAHMS CKOPEHIIErO BPEMEHH TPETHETO CAYYasi IOBTOPOMY CLICHAPUIO
Cauxka 14 - CHMyAQIIHOHH PE3YATATH 32 Haj6p>1<a BpeMeHa Tpcher CAyYaja APYTOT ClleHapuja

MNMumber of occupanits — 0.2 s
250

200
150

100

[ =14 100 150 200
Time [s]

FIGURE 15
Simulation results for the slowest times of the third case of the second scenario

Puc. 15 — Pe3yabraTsl MOACAMPOBAHHUS CAMOTO MEAACHHOTO BPEMEHH BTOPOTO CAYYasl IO BTOPOMY CLIEHAPHIO
Canxa 15 — Cumyaalionu pesyATaTy 3a HajCIOpHja BpEMEHA APYTOT CAydaja APYTOT CLieHapHja
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MNumber of occupants
250

200

150

100

50

(8]

0.2 /s

0.2 m'/a

0.4 m/s

0.5 mJ/s
0.75 mv's
0.95 mv/s
—_—1.15 mrs

150
Time [s]

FIGURE 16

Simulation results for the fastest times of the fourth case of the second scenario
PI/IC. 16 it PC3yAbTaTbI MOACAI/IPOBaHI/Iﬂ CKOPCﬁmCFO BPCMCHI/I ‘iCTBCPTOrO CAy‘laﬂ HOBTOPOMy cueHapI/IIO
Cauka 16 - CHMYAAIIMOHH PE3YATATH 32 Haj6p>1<a BPEMEHA YETBPTOT CAYYaja APYTOT CLiEHapuja
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s

2

0.3 m/s
4 /=
s

s

0.75 m/s

0.95 /s

1.15 mv/s

2000
Tiime [=]

FIGURE 17

Simulation results for the slowest times of the fourth case of the second scenario

Puc. 17 - PCSyAbTaTbI MOACAMPOBAHHUS CAMOI'O MCAACHHOI'O BDEMCHH Y€TBEPTOTO CAYYasl 10 BTOPOMY CLICHAPHIO

Canxa 17 — CuMyaaljioHH pesyATaTH 3a HajCIIOPHja BPEMEHA YETBPTOT CAyYaja APYTOT CLICHapHja
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FIGURE 18

Simulation results for the fastest times of the fifth case of the second scenario
PI/IC. 18 - PCByAbTaTbI MOACAHPOB&HI/IS{ CKOPCIU/IIHCI'O BPCMCHI/I IISATOrO CAy“Iaﬂ HOBTOPOMy CHCHaPI/IIO
Cauxa 18 — CuMysaunoHn pesyataTy 3a Hajop>ka BpeMeHa IETOT CAydaja APYTOT CLicHapuja
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FIGURE 19
Simulation results for the slowest times of the fifth case of the second scenario

Puc. 19 — PeayabraTsl MOACAHPOBAHHUS CAMOTO MEAACHHOTO BPEMEHH IIATOTO CAYYAsIIO BTOPOMY CLICHAPHIO
Canxa 19 — Cumyaaronn pesyATaTH 3a HajCIIOPHja BPEMEHA IIETOT CAyYaja APYTOT CLicHapHja
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FIGURE 20
Simulation results for the fastest times of the sixth case of the second scenario

Puc. 20 — PesyabraTsl MOACAHPOBAHHUS CKOPEHIIETO BPEMEHH LIIECTOTO CAYYast IIOBTOPOMY CLIEHAPHIO
Canka 20 — CuMyAaLOHH PE3yATAaTH 32 HajOp>Ka BpEMEHa IIECTOT CAyYaja APYTOT CLiCHapHja
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FIGURE 21
Simulation results for the slowest times of the sixth case of the second scenario

Puc. 21 — PeayabraTsl MOACAHPOBAHHUS CAMOTO MEAACHHOTO BPEMEHH LIECTOTO CAYYas IO BTOPOMY CLIEHAPHIO
Canka 21 — CumyAaIjoHH pesyATaTH 3a HajCIIOPHja BPEMEHA IECTOT CAYYaja APYTOT CLIEHApHja
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FIGURE 22
Simulation results for the fastest times of the seventh case of the second scenario

Puc. 22 — PeayabTaThl MOACAHPOBAHUS CKOPEHILETO BPEMEHH CEABMOTO CAYYasi IIOBTOPOMY CIICHAPHIO
Cauxa 22 — CHMyAALIHOHH PE3YATATH 32 HajOP>Ka BPEMEHA CEAMOT CAyYaja APYTOT CLicHapuja
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FIGURE 23
Simulation results for the slowest times of the seventh case of the second scenario

Puc. 23 — PeayabTaThl MOACAUPOBAHHUS CAMOTO MEAACHHOTO BPEMEHH CEABMOTO CAYYasi 10 BTOPOMY CLIEHAPHIO
Canka 23 — CHMyAALIHOHM PE3YATATH 32 HAjCIIOPHja BPEMEHA CEAMOT CAyYaja ADYTOT CLiCHAPHja
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FIGURE 24
Simulation results for the fastest times of the eighth case of the second scenario

Puc. 24 — PeayabTaThl MOACAHPOBAHHSI CKOPEHIIETO BPEMEHH BOCHMOTO CAyYasi IOBTOPOMY CLICHAPHIO
Cauka 24 — CHMYAQLIMOHM PE3YATATH 32 Haj6p>1<a BPEMEHA OCMOT CAYYaja APYror CLIeHapHja

983



VOINOTEHNICKI GLASNIK/MILITARY TECHNICAL COURIER, 2022, VOL. 70, NO. 4, OCTOBER-DECEMBER, ISSN: 004...

Number of occupants —_—0.2 m/s
250

200
150

100

(8]} 100 200 300 Elele]
F'ime [s]

FIGURE 25
Simulation results for the slowest times of the eighth case of the second scenario

Puc. 25 — PeayabraThl MOACAMPOBAHHUS CAMOTO MEAACHHOTO BPEMEHH BTOPOTO CAYYasl IO BTOPOMY CLIEHAPHIO
Canxa 25 —— CHMyAaIMOHM PE3YATATH 32 HAjCIIOPHja BPEMEHA OCMOT CAYYaja APYTOT CLIeHApHja

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 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).
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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).

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 t0 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
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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 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 so 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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