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MOVING WALKWAYS APPLICATION
FOR EMERGENCY EVACUATION FROM AIRCRAFT
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Analysis of traumatism level of the passengers on evacuation actions realization is taken according to
statistics of emergency landings of passenger aircrafts. Directions of improvement of the aircraft crash-
landing emergency evacuation system are reviewed. It is proposed to use moving walkways in the aisles of
the aircraft cabin to improve effectiveness of emergency evacuation. Main principles of moving walkways
creation are formulated. Evaluation of possibility of moving walkways usage in large passenger aircrafts is
taken according to requirements of limiting time for evacuation of the passengers.
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Problem definition. Emergency aircraft evac-
uation refers to emergency evacuation from
an aircraft that may take place on the ground, in
water, or mid-flight. There are standard evacua-
tion procedures and special evacuation equipment
but their application still does not guarantee safe
leaving of the cabin without any injuries for all pas-
sengers and crewmembers. Therefore, problem of
elimination of all possible harm for people onboard
in emergency situation needs to be resolved with
new improvements preventing mentioned risks.
Thus, the task of implementation of new methods
of emergency evacuation is evidently actual.

Analysis of last investigations and publications.
Emergency evacuations of commercial passenger
aircrafts often lead to passengers and crew injuries
of different level of harm. Such problems rise due
to several safety deficiencies represented in the
evacuation process realization. These deficiencies
are often associated with communications, exit op-
eration and passenger preparedness for evacuation
that may be complicated because of the presence
of fire and smoke.

As it is represented in the United States’ Na-
tional Transportation Safety Board report during
a 16 months study period all the commercial air-
planes’ evacuations that took place in different
airports in the USA were recorded [1]. For this
survey total amount of studied emergency cases
leading to evacuation procedures taken is equal to
46. The events leading to the emergency evacua-
tion in all studied cases are shown in Table 1.

Represented failures are mostly concerned with
different sorts of fire or explosion threat includ-
ing bombing attack. Nine cases concern to land-
ing problems like runway failures or landing gear
breakdown. 31 events (67.39%) of all studied cas-
es were followed with smoke or fire presence in
the cabin. One of these emergencies concerns to
so called Auxiliary power unit torch problem. The
Auxiliary power unit is installed on the aircraft for
provision of both electrical power and bleed air for
the air conditioning system and main engine start-
ing. A torching start may result from excess fuel
accumulation in the Auxiliary power unit combus-
tor assembly and exhaust duct. The torching start
has a characteristic «orange flash». Thus it may be
also reviewed as the fire case.
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Table 1
Distribution of the events leading
to the emergency evacuation [1]

Event Number of Cases

Engine fire / suspected 18 (including 15 cases
engine fire with engine fire presence)

Cargo smoke / cargo fire 8
indication

Smoke inside the cabin

Gear failure

Smoke in the cockpit

Overran runway

Bomb threat

Landed short of runway

Lavatory smoke warning

Baggage cart collision

== |w |

Auxiliary power unit torch

'y
(=]

Total number of events

As for accident or evacuation related injuries
they occurred in 18 (39.13%) of the evaluated cases.
232 (8.15%) of the 2846 occupants onboard were
injured with minor, serious and fatal outcome. On
Figure 1 the representation of injuries according to
their heaviness is shown.

Serious and fatal injuries

2.18%

Minor injuries

Uninjured persons

91.85%

Fig. 1. Percentage of crewmembers and passengers
who sustained serious (including fatal outcomes)
or minor injuries [1]

Results represented in Table 2 show quantities
of injuries evaluated for crewmembers and pas-
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Table 2

Number of crew and passengers injured in the 46 studied cases distributed on heaviness of injuries [1]

Total number | Uninjured Minor Serious Fatal Total number of s
Person status R I Lo e Injuries rate
of persons persons injuries injuries injuries | injured persons
Crewmember 195 181 9 4 1 14 7.18%
Passenger 2651 2433 161 47 10 218 8.22%
Total 2846 2614 170 51 11 232 8.15%

sengers including people injured at accident and
evacuation period altogether.

As it may be clearly seen from the analysis of data
achieved by the investigators big enough amount of
people who are to take evacuation actions are in-
jured. It means that there will be serious difficulties
in their transportation to the exit sites causing de-
lays in the cabin evacuation. Therefore, emergency
evacuation has to be enhanced to ensure safety and
survivability of passengers and crewmembers.

Emphasizing of the general problem parts that
were not resolved before.

Different steps were followed to improve the
emergency evacuation of an airplane. These actions
include enhancement of the safety regulations di-
rected on making stricter conditions regarding the
emergency evacuation provision. Different compa-
nies also try to find new techniques and create new
equipment that might improve the evacuation.

However, in practical implementation this en-
hancement did not influence on changing of the
design of the ways of transportation of passengers
and crewmembers to the emergency exits. One of
the methods that can improve evacuation safety is
dedicated to application of moving walkways in-
stalled on the floor of the cabin aisles.

The aim of the article. The primary aim of the
represented work is in the assessment of the possi-
bility of the moving walkways usage for large pas-
senger aircrafts according to safety conditions estab-
lished for maximum time allowed for evacuation.

Exposition of the main material. Moving walk-
ways installed on the floor of the cabin aisles have
to transport passengers and crewmembers to
emergency doors. The transportation process may
be realized according to three following principles.

A. Evacuation plan improvement. When the air-
plane stops and emergency evacuation is needed,
the following systematic scheme has to be realized.

1. All seat belts are disassembled automatical-
ly or manually using special switch controlled by
crew, or each passenger can disassemble his/her
own (and others’) seat belt manually.

2. Exit doors open automatically or manually
(all together or each by itself) by crewmembers or
passengers.

3. Slides open automatically (or manually by
crewmembers or passengers) with the opening of
the exit doors.

4. Moving walkways corresponding to the
opened doors and slides are activated automati-
cally (or manually by crewmembers or passengers)
transporting passengers to the nearest open exit.

5. Passengers and crewmembers jump on the
evacuation slides and slide down to the ground or
water surface.

6. Passengers and crewmembers move away
from the airplane to avoid any possible fire or
explosion.

7. Passengers and crewmembers contact the
rescue teams asking for help in any possible way,
especially if the landing was not taking place on
the territory of the airport.

B. Increase of effectiveness of safety actions. Ap-
plication of moving walkways in represented step-
by-step procedure will give such advantages as:

a) easy support to be provided by crewmem-
bers or other passengers for children, old people,
disabled and injured ones; they may sit on the
moving walkway to be transported to the exit,
slide and finally to the ground;

b) passengers are led to the exits in case of lack
of visibility, for example, in case of smoke presence;

c) passengers are distributed to the several ex-
its; it decreases the crowd in aisles and doors;

d) passengers and crewmembers may walk on
the moving walkway faster than its speed and by-
pass the passengers who cannot move faster;

e) malfunction of the moving walkway does not
affect the ability of the passenger to reach emer-
gency exits marching through the aisle;

f) if being provided with extra in-flight power
supply these moving walkways may be used in
non-emergency conditions for transportation in-
side the cabin, for example, during the catering
period, etc.

C. Minimization of the evacuation time value.
Evacuation procedures are to provide safe leaving
of the cabin for all people onboard within the pe-
riod before fire or explosion initiation.

In the represented work the assessment of the
maximum evacuation time for large passenger
airplane was done. Initial data for the calculation
were collected in the following way.

1. Assessment of the limiting time value. Fed-
eral Aviation Administration (FAA) requires that
an airliner should be capable of being evacuated
within 90 seconds in the dark and with half the
exits blocked (ti™=90s). Use of only half of the
exits simulates the potential for failed evacuation
devices or exits blocked due to fire or structural
damage [2]. Ninety seconds value is established as
the maximum evacuation time because tests have
shown that the post-crash fire conditions condu-
cive to flashover are unlikely to occur within the
mentioned time span.

2. Assessment of the limiting walkway speed
value. In European Standards EN 115 they estab-
lish the limiting speed value for moving walks to
be equal to 0.75 m/s [3]. Taking into account the
design of the walkway and seats providing per-
pendicular entry from seats to the moving walk-
way (see Figure 2c) half of that speed is used in
our calculations (v, = 0.375 m/s).

3. Assessment of the number of people to be
evacuated. Calculations are done on the basis of
Airbus A330-200 design layout (see Figure 2). Se-
lected airplane is represented on the market with
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wide range of layouts from 3-classes one (see Fi-
gure 2) up to 1-class economy design with the max-
imum full capacity of 406 passengers. The scheme
of evacuation aisles (see Figure 2b) includes 8 exit
doors. According to the requirements of the FAA,
we model the situation with only 4 doors to be
opened with their slides.
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Fig. 2. Airbus A330-200 3-classes cabin design:
a — passenger seats layout; b — evacuation aisles
layout; ¢ — scheme of entry from seats to the aisles

We may calculate the total time needed for
evacuation t., on formula:

tev = td + tslider7 (1)
where ty — maximum time to reach the door for
the most distantly located passenger standing on

the walkway; tgiger — time needed for opening the
evacuation exits and slides, which maximum value
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for current level of safety systems development
may be taken equal to tgiger = 6 S.

The value of the time ty may be evaluated with
the following equation:

|
t, =2t 2
d v (2)
where the maximum distance to the nearest
open door l.;; = 30 m is achieved in the case when
all four opened exits are located in the front end
of the cabin.
For taken initial data the calculation results are
as following:

q =80 s; t., = 86 s. (3)
As it may be seen result of the calculation sat-

isfies FAA requirement established for emergency
evacuation:
to < thm. (4)

Conclusions and proposals. The aim of the
moving walkways application in the aircraft is
to ensure the safe evacuation of all passengers
in the shortest time possible. The calculations
done above show that the emergency evacu-
ation using moving walkways in the passen-
ger aircraft takes less time than the one re-
quired by FAA. In advance the application of
the method proposed brings extra advantages
decrease level of injury risk for the passengers
and crewmembers.

However, before moving walkways implemen-
tation in the practice to ensure their safety, reli-
ability and affectivity the on-ground experimental
evacuations are to be done with the passenger air-
crafts’ full-size models.
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Hamnionasbanit yHiBEpCUTET UMBIIBHOIO 3aXUCTy YKpainm

Boy dakxp E.
JliBaH

BIKOPVICTAHHSA PYXOMIX JTOPIKOK JJd EKCTPEHOI EBARYAIIIL 3 JIITAKA

Anorangis

IIpoBeneHo aHai3 PiBHA TPpaBMaTU3My CepeJl TacasKMpPiB IIpy peasizallii eBaKkyaliifHnx 3aX0/iB 32 CTATUCTU-
KOI0 EKCTPEHNUX II0CAJIOK IaCaKMPChKUX JiTakiB. PO3TJIAHYTO HaIpAMM yJIOCKOHAJIEHHSA CUCTEMM eKCTPEeHOI
eBakyalii mcia BuMymIeHoI mocagky JiTaka. 3allpPOIOHOBAHO BUKOPUCTAHHSA PYXOMUX JOPLKOK y IIPOXOJax
CaJIOHY JITaka JJiA MiABUIIEHHS e(eKTUBHOCTI eKcTpeHoi eBakyallii. CpopMysIbOBaHO OCHOBHI HPUHIIMIIN
CTBOPEHHS PYXOMUX AOPikoK. IIpoBeeHo OIiHIOBAHHA MOXKJVMBOCTI BUKOPUCTAHHA PYXOMUX JIOPisKOK y Be-
JIMKUX MacaKMPChKMUX JiTaKaxX y BIANOBIZHOCTI 10 BUMOI CTOCOBHO I'PaHMYHOIO Yacy eBaKyallil IacasKupis.
KarouoBi ciioBa: jiTak, eKCTpeHa eBakKyallid, 6e3mnera, acaskupy, pyxXoMi TOPisKKIL.
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HanmoHabHBI YHUBEPCUTET IPaskJAaHCKO 3alUThI Y KPAMHbI
Boy dakxp 9.
JluBan

JVICIIOJIb30OBAHUE JABIGRYIINXCA TOPOMKEK JIJd DKCTPEHHON DBAKYA-
I N3 CAMOJIETA

AnHOTaA

IIpoBeneH aHaMM3 YPOBHA TPAaBMaTM3Ma CPEeIV NACCAKMPOB IIPY pPea3alyyl 9BaKyalMIOHHbIX MePOIIPMATIII
II0 CTATUCTMKE BKCTPEHHBIX II0CAJIOK ITaCCaKMPCKUX CaMOJIETOB. PacCMOTpeHb! HAaIlpaBJIEeHUA yCOBEpIIIeH-
CTBOBAHNA CUCTEMBI DKCTPEHHON HBaKyalMyl II0CJIE BBIHYKIEHHOI Iocagky caMmoJiera. IIpe1osKeHo MCIob-
30BaTh JABIIKYILMECH HOPOXKKM B IIPOXOJAX CAJIOHA CaMOJIeTa MJIA MOBBLIIIEHNA 3(P(EKTUBHOCTY 9KCTPEHHO
sBakyaiun. CpopMyIMpoBaHbl OCHOBHbIE IPMHIMIIBI CO3JIAHMUA JBIIKYIMXCA NOpPOsKeK. IIpoBeneHO oljeHu-
BaHMe BO3MOYKHOCTH MCIIOJIb30BAHMA IBIIKYIINXCA JTOPOKEK B OOJBIINX MACCAKUPCKUX CAMOJIETAX B COOT-
BETCTBMUM C TpeDoBaHMAMM, KaCaloOIMMICA IIPefesIbHOTO BPeMEH) HBAKyaluy IIacCcaskIpPOB.

KuroueBble ciioBa: caMoOJIET, DKCTPEHHAA dBaKyalysd, 0€30IaCHOCTD, IIAaCCAKUPDI, ABVOKYIINECH JOPOKKIL
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JOCJIIGREHHA BILJIVIBY ITPAHNX OBOYIB HA OPTAHOJIEIITUYHI,
PISNKRO-XIMIYHI TA CTPYRTYPHO-MEXAHIYHI BJACTUBOCTI IINPOT'IB
MOHMKEHOI EHEPTETUYHOI IITHHOCTI

Kpusopyrk B.M.,, lannmox JLIL
BinHNIIBKMIT TOPrOoBeJIbHO-€KOHOMIYHMI IHCTUTYT
KuniBcbkoro HallioHaJIBHOTO TOPrOBEJIbHO-€KOHOMIYHOTO yHIBEpCUTETY

B crarTi mocrimikeHO BILIMB IIPAHMX OBOYIB, a caMe ceJjiepy, IeTPYLIKM Ta [TaCTePHAKY, Ha OPraHOJENTHYHI,
isuro-ximMiuHi Ta CTPYKTYpPHO-MeXaHiuHI BJIACTMBOCTI Nuporis. BigobpaskeHno ximivni BiacTMBOCTI BuIlle3a3Ha-
YeHUX KOPEHEeILIONIB Ta JOBEJIeHO iX JiiKapchKi BiaactuBocTi. B xoni pobotu BimobpaskeHo nBa mocuigsxeHHA. BoHn
JIO3BOJIMJIM BCTAHOBUTH ONTUMAJBHY KiJbKICTb BUKOPUCTAHHA N00aBOK [IJIA IIiIBUIIIEHHA Xap4oBoi Ta OGioJsoriunoi
nigHocTi nuporiB. BusHaueHo BIJMB MeHIO] Ta 6ibIoi KiTbKOCTI MPAHMX KOPEHEIJIONIB Ha IPOAYKILO.

KaouoBi ciioBa: muporu, KOpeHeIIonu, cejepa, IMeTPYIIKa, IacTepHAaK, OpraHoJIenTudHi, (pisuko-ximiuHi Ta

CTPYKTYPHO-MEXaHIYHI BJIACTUBOCTI.

HOCTaHOBKa npobsiemu. IlinBuinieHHA Xap4oBoi
Ta 6ioJoriuHOI IIHHOCTI NMPOTIB, IMOJIMIIIEH-
HA IX OPraHOJIEITUYHMX XapaKTEePUCTUK i HaJaHHA
iM JIKyBaJIbHO-TIPOPIIAKTIYHNX BJIACTMBOCTEN €
JIOCUTb aKTyaJIbHUM cboronui. HeTpanuiiviai Buan
CUPOBUHM HaOyBalOTh NeAaJti OlibIIoi MomyJsiapHOC-
Ti. OcoOsMBY yBary CJif NPUIIINTY IPOAYKTaM Poc-
JIMHHOTO TIOXOJI’KEHHs, a caMe ceJiepi, MeTpyIi Ta
nacrtepHaky. BoHu Haiibisbile 306aradeHi KOPMCHUMU
pPEeuoBMHAMM Ta MAalOTh JIKyBaJbHI BJIACTUBOCTI. Ix
BUKOPUCTAHHA y AKOCTI HAUMHKM JIJIA IIVPOTIB CIIPU-
ATUME MiIBUIIEHHIO eHEePTreTNYHOI IIHHOCTI BUpPOODY.
Amnautiz ocTaHHIX AOCHiIKeHD 1 myOikaiin ITpo-
OyeMi 030pPOBYOTO XapUyBaHHA Ta IIiIBUIIEHHIO
BMICTY KOPMCHMX PEedOBMH y NMporax CbOTOAHI Bif-
BeJIeHO 3HAYHY POJib. UMMaJo BITUM3HAHMX Ta 3a-
pyOlsKHMX BueHMX BimoOpaskaJsu Ije IMTaHHA y CBOI
mpanax, a came: Cupoxmas L. B, Bangaesa E. IT1., Ko-
paukmua C. f., Bacuiabuenko A. H., Jlebemgenko T. €.,
Opobor B. I. He3Baskaroun Ha IonepeaHi HOCTiaKeH-
HA iCHye HeoOXiJHICTb y II0JIaJIbIIIOMY aHaJIi3i BILJIM-
BY IPAHUX KOPEHEIJIOAIB Y TOTOBY IIPOAYKILFO.
Buginienns He BUPIIIEHUX paHillle YacTUH 3a-
raJbHOi mpodJsaeMnu. AHaJi3 HayKOBOI JiTepaTypu

II0Kas3aB, 110 OJHIE€I0 3 BaYKJIMBUX HPOOJIEM IIPU BU-
TOTOBJIEHI NMPOTiB € IOHM)KeHa eHepreTuMyHa IiH-
HICTb TOTOBOTO BMPOOYy Ta HEHOPMOBaHAa KiJIbKiCTB
MIPAHUX OBOYIB y HUX, II[0 IPU3BOAUTD JIO IOTipHIeH-
HA OPTaHOJIENITUYHUX, (PIBUKO-XIMIYHUX Ta CTPYK-
TYPHO-MEXaHIYHIX BJIACTMBOCTEIL

MerTa crartTi. ['ostoBHOIO MeToI0 i€ pobotu € mmo-
KpallleHHA XapdoBOi IIIHHOCTI Ta OPraHOJIENITUYHUX
IIOKa3HMKIB OOPOIIHAHMX KyJiHapHUX BUPOOIB, a
caMe IMPOTiB, 32 PaXyHOK BILIVBY IPAHMUX KOPEHe-
IJIOMAIB Ha HUX.

Buknax ocHoBHOro marepiaimy. [loGaBxmu poc-
JIMHHOTO TOXOJKEHHdA, Ha BiAMiHy Binm mobOaBOK TBa-
PVMHHOTO IIOXOIPKEHHHA, BiIPI3HAIOTHCA OiIbII BUCO-
KMM BMICTOM MOYKMBHUX PEYOBUH Ta JOCTYIIHICTIO Y
nini. Havixkpare miaBuiyoTs Xxap4oBy Ta 6iosoriumy
LIHHICTb IPOAYKTIB KOopeHemwinHi osoul. Ile ooui,
y AKMX ICTIBHOIO YAaCTMHOIO € ITOJIOBXKEHMII CTPVIK-
HeBUIT KOpiHb. JIo HMX BiZHOCATLCA: MOPKBA, OYPAK,
penuc, peabka, pina, cesiepa, IeTPyIKa, IacTePHAK 1
xpiH. Bon Ha/3BU4aiiHO OaraTi Ha KUTTEBO BasKJIVBI
IHrpelieHTH, mepli 3a Bce Oi0JIOTiYHO aKTMBHI pedo-
BUMHI: BiTaMiHM, MiHepaJIbHI eJeMeHTM, Xapd4oBi BO-
JIOKHA, 0JIi(DeHOJBHI CIIOJIYKM, OPraHiuHi KUCJIOTH Ta
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