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Uvod/Cilj: Gerontoloske ustanove predstavljaju objekte sa prisustvom velikog broja delimi¢no pokret-
nih i nepokretnih starih lica. U uslovima hitnosti, njihova evakuacija iz navedenih razloga moZze trajati
duZe, tako da je cilj istrazivanja bio da se predstavi nekoliko nacina za evakuaciju delimi¢no pokretnih
i nepokretnih lica starijih od 70 godina iz gerontoloskih ustanova i da se proceni neophodno vreme
evakuacije.

Metode: U okviru ovog istrazivanja koris¢en je kompjuterski softver Pathfinder 2020 za izraCunavanje
vremena evakuacije i predvidanje potencijalnih situacija prilikom evakuacije lica iz gerontoloske usta-
nove. Gerontoloska ustanova, kao koris¢eni model, predstavlja objekat koji ima prizemlje i Cetiri sprata.
Svi spratovi imaju 16 soba, a u svakoj sobi su po dva pacijenta. Spratovi su povezani glavnim stepenistem,
pozZarnim stepenicama i sa Cetiri lifta (dva teretna za 12 osoba i dva maloteretna za 6 osoba). Ukupan
broj medicinskog i administrativnog osoblja je 44, a osoba korisnika usluga gerontoloske ustanove 128.
Simulacija evakuacije iz gerontoloSke ustanove prikazana je za Cetiri razlicita scenarija: | svi liftovi rade i
sve stepenice su dostupne; Il nijedan lift ne radi ali stepeniste funkcionise; 1l funkcionise samo pozarne
stepenice; IV funkcioniSu samo glavno stepeniste. Svaki scenario ima Cetiri razliite situacije koje zavise
od procenjene brzine kretanja pacijenata.

Rezultati: Vreme evakuacije kada je moguce koristiti sve liftove i glavno i pozarno stepeniste je od 895
(14,9 minuta) (kada se osobe najbrze krecu - prva situacija) do 958 sekundi (16 minuta) (kada se osobe
najsporije krecu - Cetvrta situacija), kada se koristi glavno i pozarno stepeniste od 984 do 1111,1 sekunde
(16,4-18,5 minuta), samo pozarno stepeniste od 1997,6 do 2765,3 sekunde (33,3-46,1 minuta), a kada se
koriste samo glavno stepeniste od 1365 do 2342 sekundi (22,8-39,0 minuta).

Zakljucak: Koris¢enje kompjuterskog softvera Pathfinder 2020 za simulaciju evakuacije predstavlja veoma
vazan, bezbedan i jeftin nacin predvidanja nacina i brzine evakuacije, Sto moze doprineti unapredenju

nacionalne strategije za vanredne situacije.
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Uvod

Zdravstveni objekti predstavljaju veoma
vaine objekte za zdravlje ljudi, lecenje, rehabil-
itaciju i druge aktivnosti. Ovi objekti podrazume-
vaju prisustvo velikog broja ljudi i veoma vainu,
sloZzenu, sofisticiranu i skupu medicinsku i drugu
opremu. Zdravstveni objekti, u zavisnosti od nji-
hove namene, mogu da ukljucuju razli¢ite objekte
poput klinika, sanatorijuma, operacionih sala, lab-
oratorija, objekata za rehabilitaciju, gerontoloskih
ustanova i mnogo drugih objekata. Bez obzira na
njihovu namenu, zdravstveni objekti podrazume-
vaju prisustvo velikog broja ljudi, od kojih jedan
deo cine pacijenti, drugi medicinsko osoblje, a
treci ljudi koji su se slucajno tu zatekli ili su tu iz

nekog drugog razloga. Pacijenti u zdravstvenim
objektima mogu da budu stacionirani u sobama
u standardnim ili pokretnim medicinskim kreveti-
ma. Oni mogu da se krec¢u nezavisno ili uz neciju
pomoc. Na primer, neki pacijenti mogu sami da se
kre¢u u kolicima ili uz pomo¢ jedne osobe, drugi
su vezani za krevet i neohodna im je pomo¢ od
dva do Cetiri zdravstvena radnika, a treci se krecu
uz pomoc¢ razlicitih medicinskih pomagala, poput
Staka itd. (1-5).

Na osnovu navedenog, ocigledno je da je
evakuacija iz zdravstvenih objekata veoma tezak,
slozen i odgovoran zadatak. lako se zdravstveni
objekti grade prema standardima koji obi¢no ukl-
jucuju jednu osnovnu rutu komunikacije koja pov-
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/SUMMARY \

Introduction/Aim: Gerontology institutions present objects with the presence of a great number of
partly mobile or immobile persons. In emergency conditions, their evacuation because of noted reasons
can take longer, so the aim of the research was to present several ways for the evacuation of partly
mobile and immobile persons older than 70, from gerontology institutions, and to evaluate necessary
evacuation time.

Methods: For this research, the software Pathfinder 2020 was used for the calculation of evacuation
times and predicting of potential situations during evacuation. The gerontology institution, as a used
model, presents an object with a basement and four floors. All floors have 16 rooms with two patients
in every room. Floors are connected with main stairs, emergency stairs and with four elevators (two
cargo elevators for 12 persons per elevator, and two passenger elevators for 6 persons per elevator).
The total number of medical and administrative staff is 44, and the number of users of gerontological
institution services is 128. The simulation of evacuation from gerontology institution was realized for
four different scenarios: The first, when all the elevators are in function and all stairs are accessible; the
second, when none of the elevators works but stairs are accessible; the third, when only emergency
stairs are in function; the fourth, when only main stairs are in function. Each of these four scenarios has
four different situations that depend on the evaluated speed of patient’s movement.

Results: The evacuation time when it is possible to use all elevators and stairs is from 895 seconds (14.9
minutes) (for the fastest movement of persons - the first situation) to 958 seconds (16 minutes) (for
the slowest movement of persons - the fourth situation), for main and emergency stairs from 984 to
1111.1 seconds (16.4-18.5 minutes), only for emergency stairs from 1997.6 to 2765.3 seconds (33.3-46.1
minutes), and only for main stairs from 1365 to 2342 seconds (22.8-39.0 minutes).

Conclusion: The usage of computer software Pathfinder 2020 for the simulation of evacuation presents
a very important, safe and cheap way for predicting evacuation way and speed, which can contribute to
the national strategy for emergency situations.

Keywords: evacuation, simulation, gerontology object, emergency situations
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Introduction

Sanitary objects present very important ob-
jects for human health, treatment, recovery and
other activities. Those objects include the pres-
ence of a large number of people, as well as the
presence of very important, complex, sophisticat-
ed and expensive medical and other equipment.
Sanitary objects, in dependence on their purposes,
can be different and can involve different objects
such as clinics, sanatoriums, operating rooms, lab-
oratories, rehabilitation objects, gerontology ob-
jects and a lot of other objects. Notwithstanding
their purpose, sanitary objects include the pres-
ence of a large number of people, where one part

of those people presents patients, the second part
presents medical personnel and the third part is
represented by people who happened to be there
by accident or with some intention. Patients in san-
itary objects can be stationed in medical rooms,
fixed or movable medical beds. Their movement
can be independent or assisted by someone. As
an example, some patients can move in wheel-
chairs independently or with the assistance of one
person; some patients can be moved in medical
beds and they need the assistance of two or four
persons; some patients can move with different
medical apparatuses, such as crutches, etc. (1-5).
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ezuje sve sobe, uvek se javljaju problemi prilikom
evakuacije, narocito kada su u pitanju nepokretne
osobe. Gerontoloske ustanove su, takode, veoma
problemati¢ne i slozene za evakuaciju u hitnim
slu¢ajevima, Sto se pokazalo i tokom epidemije
kovida-19.

Evakuacija moze biti neophodna zbog pozara,
poplave, teroristickog napadaili pretnje, zemljotre-
sa, razornih vetrova itd. Glavni problemi prilikom
evakuacije iz zdravstvenih objekata sa nepokret-
nim osobama su usporenost, velika verovatnoca
zastoja i stvaranja guzve, spora eliminacija guzve,
kao i dimenzije koris¢enih medicinskih pomagala.
Zbog navedenih razloga, veoma je vazino predvi-
deti Sto je moguce visSe scenarija evakuacije da bi
se kreirala najbolja strategija evakuacije u nekoj
odredenoj situaciji. Jedan od najboljih nacina za
predvidanje evakuacije i izraCunavanje neophod-
nog vremena evakuacije je koriS¢enje odgovara-
juceg kompjuterskog softvera Pathfinder 2020
(6). Ovaj program simulacije omogucava preciznu,
brzu, bezbednu i jeftinu kalkulaciju neophodnog
vremena za evakuaciju u skladu sa potrebama, sto
posledi¢no obezbeduje optimalne puteve i vreme
evakuacije (7-10).

Metode

U okviru ovog istrazivanja koris¢en je softver
Pathfinder 2020, koji je jedan od najpoznatijih soft-
vera za izraCunavanje vremena evakuacije i pred-
videnje potencijalnih situacija prilikom evakuacije
lica iz bilo koje ustanove, a u nasem primeru iz

gerontoloske ustanove (6). Ovaj softver predstavl-
ja graficki korisnicki interfejs za dizajn i izvrSenje
simulacije. On omogucéava 2D i 3D vizualizaciju.
Postoje dva razli¢ita modela simulacije evakuaci-
je koji se mogu koristiti u Pathfinder-u (,Steer-
ing“ model i ,SFPE“ model evakuacije). Od ova
dva modela simulacije, u radu je koris¢en , SFPE”
model. Ovim programom moguce je podesiti ra-
zli¢ite brzine kretanja osoba i izracunati neophod-
no vreme evakuacije.

Gerontoloska ustanova, kao model za simu-
laciju u ovom istrazivanju, predstavlja objekat koji
ima prizemlje i Cetiri sprata. U osnovi objekat je
povrsine 80 m x 20 m. Visina svakog sprata je 3,15
m. Prva dva sprata su namenjena za nepokretne
osobe, prvi za nepokretne pacijente vezane za
krevet, a drugi za nepokretne pacijente u kolici-
ma. Tredi i Cetvrti sprat namenjeni su za pokretne
osobe. Svi spratovi, osim prizemlja, imaju 16 soba
za pacijente povrsine otprilike 16 m? i sa vratima
duZine 1,2 m. Pretpostavljeno je da se nepokretne
osobe vezane za krevet kre¢u samo uz pomo¢ dva
zdravstvena radnika, nepokretne osobe u kolicima
uz pomoc¢ jednog, a da se sve ostale osobe mogu
kretati samostalno. Dimenzije medicinskih kreveta
su 200 cm x 90 cm x 75 cm, dok su dimenzije kolica
110 cm x 65 cm x 92 cm.

Spratovi su povezani glavnim stepenistem,
poZarnim stepenicama (stepenicama za slucaj
opasnosti) i liftovima. Maksimalna Sirina obicnih
stepenica je 150 cm dok je maksimalna Sirina ste-
penica za hitne situacije 120 cm. Izlazna vrata sa

Slika 1. Pathfinder 2020 model simulacije u
gerontoloskoj ustanovi sa korisnicima unutar
objekta — predniji prikaz

Slika 2. Pathfinder 2020 model simulacije u geron-
toloskoj ustanovi sa korisnicima unutar objekta —
prikaz sa strane
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According to all noted, it is obvious that evac-
uation of any sanitary object presents a very hard,
complex and responsible task. Although the san-
itary objects were built by cliché, which usually
includes one basic communication route that con-
nects all rooms, the problems with evacuation can
always occur, especially in cases with immobile
persons. Gerontological institutions are also very
problematic and complex for the emergency evac-
uation, which was shown during the epidemic of
Covid-19.

The evacuation may be required for a vari-
ety of different reasons: fire, floods, terrorism
attacks or threats, earthquake, destructive winds
etc. The main problems in the evacuation of sani-
tary objects with immobile persons are slowness,
sluggishness, high probability of crowding and
congestion, slow elimination of congestion, di-
mensions of used medical devices. Because of the
above-mentioned reasons, it is very important to
predict as many as possible evacuation scenarios
in order to create the best evacuation strategy
for some specific situation. One of the best ways
for the prediction of evacuations and calculation
of necessary evacuation times is the usage of ap-
propriate computer software, such as Pathfinder
2020 (6). This program enables precise, fast, safe
and cheap calculation of necessary time for the
evacuation in accordance with needs, which con-
sequently enables optimal evacuation routes and
evacuation times (7-10).

The aim of this paper is to present several
evacuation ways of immobile and hard-mobile

persons older than 70 from gerontology institu-
tions and to evaluate the necessary evacuation
time with the help of proper simulation software
Pathfinder 2020.

Methods

For this research, the software Pathfinder
2020 was used, which is one of the most famous
software programs for the calculation of evacua-
tion times and predicting of potential situations
during the evacuation of persons from any kind of
objects, and in our example from the gerontology
institution (6). This software presents a graphical
user interface for the simulation design and exe-
cution. It enables 2D and 3D visualization. There
are two different simulation ways that Pathfinder
can use (“Steering” mode and “SFPE” mode). Of
these two simulation models, the "SFPE" model
was used in the paper. It is possible to set different
moving speeds of persons and calculate the neces-
sary evacuation time.

The gerontology institution, as a model for
simulation in this research, presents an object
with a basement and four floors. In its base, the
area of the object was 80 m x 20 m. The height of
every floor was 3.15 m. The first two floors were
for immobile persons, the first for immobile pa-
tients in medical beds and the second for immo-
bile patients in wheelchairs. The third and fourth
floors were for mobile persons. Each floor except
the ground floor has 16 rooms for patients with an
approximate area of 16 m? and a door was 1.2 m
in length. Immobile patients in medical beds were

Picture 1. Pathfinder 2020 simulation model
of Gerontology institution with occupants in-
side-front view

Picture 2. Pathfinder simulation model of Geron-
tology institution with occupants inside-side view
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prednje strane objekta su Sirine 200 cm, dok su
izlazna vrata na pomocnom stepenistu Sirine 130
cm. Ukupno su dva izlaza iz objekta.

U objektu su cetiri lifta. Dva lifta su teretni
liftovi koji su predvideni za 12 osoba i u njih, na
osnovu dimenzija, mogu da stanu jedan medicins-
ki krevet ili dvoja kolica, dok su ostala dva ma-
loteretna lifta predvidena za 6 osoba.

Medicinsko osoblje i drugo zdravstveno i ad-
ministrativno osoblje je stacionirano u prizemlju.
Ukupan broj medicinskog i administrativnog os-
oblja je 44. U svakoj sobi su po dve stare osobe
Sto znaci da su na na svakom spratu 32 korisnika
gerontoloske ustanove. To znaci da je ukupan broj
korisnika objekta 172, od kojih je 128 starih osoba
i 44 ¢lana medicinskog ili administrativnog osoblja.

Pathfinder model simulacije u gerontoloskoj
ustanovi, predstavljen je na slikama 1 i 2 koje pri-
kazuju prednju stranu objekta i objekat prikazan sa
strane sa korisnicima koji su unutar objekta.

Simulacija evakuacije iz gerontoloske ustanove
prikazana je u ovom radu za Cetiri razlicita sce-
narija. U prvom scenariju (slika 3) svi liftovi rade
i sve stepenice su dostupne (glavne i poZarne), u
drugom (slika 4) nijedan lift ne radi ali stepeniste
je dostupno, u tre¢em (slika 5) nijedan lift ne radi i
samo su dostupne poZarne stepenice, i u cetvrtom
(slika 6) liftovi ne rade i samo su dostupne glavne
stepenice.

Svaki scenario imao je Cetiri razlicite situacije.
U prvoj situaciji, brzina kretanja pokretnih paci-
jenata je 0,5 m/s, pacijenata u kolicima kojima je

Slika 3. Trenutak simulacije za prvi scenario kada
svi liftovi rade i kada su dostupne sve stepenice

Slika 4. Trenutak simulacije za drugi scenario kada
nijedan lift ne radi i kada su dostupne glavne i
poZarne stepenice

Slika 5. Trenutak simulacije za treéi scenario
kada nijedan lift ne radi i kada su samo dostupne
glavne stepenice

Slika 6. Trenutak simulacije za ¢etvrti scenario
kada nijedan lift ne radi i kada su dostupne samo
poZarne stepenice




Health Care 50(1), 2021

able to move only with the assistance of two med-
ical persons, while immobile persons in wheel-
chairs were able to move only with the assistance
of one medical person, while the other patients
were able to move on their own. The dimensions
of medical beds were 200 cm x 90 cm x 75 cm,
while the dimensions of wheelchairs were 110 cm
x 65 cm x 92 cm.

The floors were connected with ordinary
stairs, emergency stairs and elevators. The max-
imal width of ordinary stairs was 150 cm, while
maximal width of emergency stairs was 120 cm.
Exit doors in the front of the object had a width of
200 cm, while exit door intended for emergency
stairs had length of 130 cm. The complete number
of exits from the object was 2.

Picture 3. Simulation moment for the first scenar-
io when all elevators are working and when all
stairs are available

There were four elevators in the object. Two
elevators were cargo elevators with the capacity
of 12 persons or one medical bed or two wheel-
chairs, while the other two elevators were with
the capacity of 6 persons.

Medical staff and other medical and admin-
istrative staff were stationed on the ground floor.
The total number of medical and administrative
staff was 44. There were two elderly people in
each room, which means that there were 32 users
of the gerontology institution on each floor. This
means that the total number of users of the object
was 172, of which 128 were elderly and 44 were
members of medical or administrative staff.

Pathfinder simulation model in the gerontolo-
gy institution is presented in picture 1 and 2 that

Picture 4. Simulation moment for the second sce-
nario when no elevator is working and when the
main and auxiliary stairs are available

Picture 5. Simulation moment for the third sce-
nario when no elevator is working and when only
the main stairs are accessible

Picture 6. Simulation moment for the fourth
scenario when no elevator is working and only
auxiliary stairs are available
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potrebna pomo¢ jednog zdravstvenog radnika je
od 0,5 m/s do 1,3 m/s u zavisnosti od toga gde su
se kretali, a pacijenata u medicinskim krevetima,
kojima je bila potrebna pomo¢ dva zdravstvena
radnika, je od 0,2 m/s do 0,9 m/s u zavisnosti od
toga gde su se kretali, dok je brzina medicinskog i
administrativhog osoblja 1 m/s.

U drugoj situaciji, brzina kretanja pokretnih
pacijenata je 0,6 m/s, pacijenata u kolicima kojima
je potrebna pomoc¢ jednog zdravstvenog radnika je
od 0,5 m/s do 1,3 m/s u zavisnosti od toga gde su
se kretali, a pacijenata u medicinskim krevetima,
kojima je bila potrebna pomo¢ dva zdravstvena
radnika, je od 0,2 m/s do 0,9 m/s u zavisnosti od
toga gde su se kretali, dok je brzina medicinskog i
administrativhog osoblja 1 m/s.

U trecoj situaciji, brzina kretanja pokretnih
pacijenata je 0,7 m/s, pacijenata u kolicima kojima
je bila potrebna pomo¢ jednog zdravstvenog rad-
nika je od 0,5 m/s do 1,3 m/s u zavisnosti od toga
gde su se kretali, a pacijenata u medicinskim kreve-
tima, kojima je bila potrebna pomo¢ dva zdravst-
vena radnika, je od 0,2 m/s do 0,9 m/s u zavisnosti
od toga gde su se kretali, dok je brzina medicinsk-
og i administrativhog osoblja 1 m/s.

U cetvrtoj situaciji, brzina kretanja pokretnih
pacijenata je 0,8 m/s, pacijenata u kolicima kojima
je bila potrebna pomo¢ jednog zdravstvenog rad-
nika je od 0,5 m/s do 1,3 m/s u zavisnosti od toga
gde su se kretali, a pacijenata u medicinskim kreve-
tima, kojima je bila potrebna pomo¢ dva zdravst-
vena radnika, je od 0,2 m/s do 0,9 m/s u zavisnosti

Broj ljudi za evakuaciju ——prva sitnacija (958 sekundi)
180 - =——druga situacija (921 sekundi)
160 - treca situacija (908 sekundi)

= fetyrta situacija (893 selundi)
140 -
120 -
100 -
80 -
60 -
40 -
20 -
0 | T . | Vreme [s]
0 200 400 600 800 1000

Grafikon 1. Brzina evakuacije za prvi scenario (liftovi i stepeniste) za sve Cetiri situacije (od najsporijeg
do najbrzeg kretanja)

Broj ludi za evalkuacifu =——pnrva situacija (1111 sekundi)
180 - —— druga situacija (1023 sekundi)
160 treca situacija (995 sekundi)
140 - ——{etvria sitnacija (984 sekundi)
120
100

80 -
60 -
40
20
0 . . . . Vreme [s]
0 200 400 600 800 1000 1200

Grafikon 2. Brzina evakuacije za drugi scenario (glavno i poZarno stepeniste) za sve Cetiri situacije (od
najsporijeg do najbrzeg kretanja)
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present front side of the object and object by side
with occupants inside the object.

The simulation of evacuation from the ger-
ontology institution in this paper was realized for
four different scenarios. The first evacuation sce-
nario (Picture 3) considered that all elevators were
enabled and all available stairs (main and emer-
gency) were enabled, the second scenario (Picture
4) considered that all elevators were disabled and
all available stairs were enabled, the third scenario
(Picture 5) considered that all elevators were dis-
abled and main stairs were disabled, while emer-
gency stairs were enabled and the fourth scenario
(Picture 6) considered that all elevators were dis-
abled and emergency stairs were disabled, while
main stairs were enabled.

Each scenario had four different situations. In
the first situation, the speed of mobile patients is
0.5 m/s; the speed of patients in wheelchairs that
needed the assistance of one medical person is
from 0.5 m/s to 1.3 m/s in dependence on where
they moved; the speed of patients in medical beds
that needed the assistance of two medical per-
sons is from 0.2 m/s to 0.9 m/s, in dependence on
where they moved and the speed of all other med-
ical and administrative personnel is 1 m/s.

In the second situation, the speed of mobile
patients is 0.6 m/s; the speed of patients in wheel-
chairs that needed the assistance of one medical
person is from 0.5 m/s to 1.3 m/s in dependence on
where they moved; the speed of patients in medi-
cal beds that needed the assistance of two medical

Number of people for evacuation ==the first situation (958 seconds)
180 - =—the second situation (921 seconds)
160 - the third situation (908 seconds)

——the fourth situation (895 seconds)
140 -
120 -
100 -
&0 -
60 -
40
20

0 | T | | Time [s]

0 200 400 600 800 1000

Figure 1. Speed of evacuation for the first scenario when all elevators are working and when all stairs
are available for all four situations (from slowest fo fastest)

Number of people for evacuation =—=the first situation (1111 seconds)
180 ——the second sitnation (1023 seconds)
160 the third situation (995 seconds)
140 - =——=the fourth situation (984 seconds)
120 -
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20 -
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Figure 2. Speed of evacuation for the second scenario when no elevator is working and when the main
and auxiliary stairs are available stairs are available for all four situations (from slowest fo fastest)
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Broj ljudi za evakuaciju prva situacija (2765 sekundi)
180 =——druga situacija (2300 sekundi)
160 - treca sitnacija (2156 sekundi)
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Grafikon 3. Brzina evakuacije za treci scenario kada nijedan lift ne radi i kada su dostupne samo
pozarne stepenice za sve Cetiri situacije (od najsporije do najbrze)

Broj ljudi za evakuaciju =—prva situacija (2342 sekundi)
180 7 —druga situacija (2002 selundi)
160 - treca sitnacija (1670 selkundi)
140 - ——Cetvria situacija (1635 sekundi)
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100 -
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40 4
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Grafikon 4. Brzina evakuacije za Cetvrti scenario kada nijedan lift ne radi i kada su dostupne samo
glavne stepenice za sve Cetiri situacije (od najsporije do najbrze)

od toga gde su se kretali, dok je brzina medicinsk-
og i administrativnog osoblja 1 m/s.

Glavni razlog za odabir ovih brzina je Cinjenica
da su korisnici usluga gerontoloske ustanove osobe
starije od 70 godina. Takode, uzeto je u obzir da
su brzine pokretnih pacijenata konstantne, da se
medicinsko osoblje vracalo po pacijente sve dok i
poslednji pacijent nije evakuisan, kao i da su u sva
Cetiri scenarija medicinsko osoblje i pacijenti znali
gde treba da idu u slucaju evakuacije.

Rezultati
Rezultati simulacije za sva Cetiri scenarija u sve
Cetiri situacije predstavljeni su na grafikonima 1-4.
Rezultati simulacije za prvi scenario (grafikon
1), kada su svi liftovi i kada su glavno i poZarno
stepeniste bili u funkciji, pokazali su da se vreme
evakuacije kretalo od 895 sekundi (14,9 minuta)

(prva situacija) do 958 sekundi (16 minuta) (Cet-
vrta situacija).

U drugom scenariju (grafikon 2), kada ni-
jedan lift nije radio i kada su bile dostupne glavne
i poZarne stepenice, vreme evakuacije se kretalo
od 984 sekunde (16,4 minuta) (prva situacija) do
1111,1 sekunde (18,5 minuta) (Cetvrta situacija).

U tre¢em scenariju (grafikon 3), kada nijedan
lift nije bio u funkciji i kada su bile dostupne
pozarne, ali nei glavne stepenice, vreme evakuaci-
je se kretalo od 1997,6 sekundi (33,3 minuta)
(prva situacija) do 2765,3 sekunde (46,1 minuta)
(Cetvrta situacija).

U cetvrtom scenariju (grafikon 4), kada ni-
jedan lift nije radio i kada su dostupne glavne, ali
ne i pozarne, stepenice vreme evakuacije se kreta-
lo od 1365 sekundi (22,8 minuta) (prva situacija)
do 2342 sekundi (39,0 minuta) (Cetvrta situacija).

9
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Number of people for evacuation ——the first sitnation (2765 seconds)
180 - ——the second situation (2300 seconds)
160 - the third situation (2156 seconds)
140 - ———the fourth situation (1997 seconds)
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Figure 3. Speed of evacuation for the third scenario when no elevator is working and when only
auxiliary stairs are accessible stairs are available for all four situations (from slowest fo fastest)

Number of people for evacuation =——the first situation (2342 seconds)
180 - =the second situation (2002 seconds)
160 - the third situation (1670 seconds)
140 - ———the fourth sitnation (1635 seconds)
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Figure 4. Speed of evacuation for the fourth scenario when no elevator is working and only the main
stairs are available stairs are available for all four situations (from slowest fo fastest)

persons is from 0.2 m/s to 0.9 m/s, in dependence
on where they moved and the speed of all other
medical and administrative personnel is 1 m/s.

In the third situation, the speed of mobile pa-
tients is 0.7 m/s; the speed of patients in wheel-
chairs that needed the assistance of one medical
person is from 0.5 m/s to 1.3 m/s in dependence on
where they moved; the speed of patients in medi-
cal beds that needed the assistance of two medical
persons is from 0.2 m/s to 0.9 m/s, in dependence
on where they moved and the speed of all other
medical and administrative personnel is 1 m/s.

In the fourth scenario, the speed of mobile pa-
tients is 0.8 m/s; the speed of patients in wheel-
chairs that needed the assistance of one medical
person is from 0.5 m/s to 1.3 m/s in dependence
on where they moved; the speed of patients in
medical beds that needed the assistance of two

medical persons is from 0.2 m/s to 0.9 m/s, in de-
pendence on where they moved and the speed of
all other medical and administrative personnel is
1m/s.

The main reason for those speeds selection
was in the fact that the users of gerontology insti-
tutions are persons older than 70 years. It was also
taken into account that speeds of mobile patients
was constant, that medical staff were returning for
patients until the last patient was evacuated, so as
the fact that in all of four scenarios medical staff
and patients knew where to go in the case of evac-
uation.

Results

Results of simulation for each of four scenar-
ios in all four situations are presented in figures
from 1-4.
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Diskusija

Rezultati naseg istraZivanja ukazuju da brzina
evakuacije gerotonloSke ustanove, gde je pret-
postavljeno da su smesStene osobe starije od 70
godina, koje mogu da budu pokretne, delimi¢no
pokretne i nepokretne, mogu da doprinesu una-
predenju stategije za vanredne situacije. Procenje-
no je, koris¢enjem softverskog programa Pathfind-
er 2020, da je vreme evakuacije iz gerontoloske
ustanove odredenog modela kada je moguce ko-
ristiti sve liftove i glavno i poZarno stepeniste 895-
958 sekundi (tj. 14,9-16 minuta), kada se koriste
glavno i poZarno stepeniste 984-1111,1 sekunde
(tj. 16,4 -18,5 minuta), ako se koristi poZarno ste-
peniste 1997,6 -2765,3 sekunde (tj. 33,3-46,1
minuta) i ako se koristi samo glavno stepeniste
1635 -2342 sekunde (tj. 22,8 -39,0 minuta).

U okviru ove studije koriséen je Pathfinder,
jedan od najpoznatijih softvera za izracunavanje
vremena evakuacije i predvidenje potencijalnih
situacija prilikom evakuacije (6). Jedna od narocito
pogodnih osobina ovog softvera je moguénost da
se ,uveze” fajl iz nekog kompjuterskog programa
koji je dizajniran za crtanje i racunanje, kao $to su
Auto Cad, FDS, PyroSim, itd. Ova mogucnost Stedi
vreme potrebno za dizajniranje objekta. Do sada
je bilo nekoliko verzija Pathfinder softvera za sim-
ulaciju evakuacije. Verzija Pathfinder-a koja je ko-
riS¢ena u ovom radu je Pathfinder 2020. Ovim pro-
gramom uradena je simulacija evakuacije, ne samo
iz gerontoloske ustanove, nego i iz visoke stambe-

Slika 7. Trenutak tokom simulacije evakuacije iz
visoke stambene zgrade, Pathfinder 2020. prez-
entacija (11)

ne zgrade (slika 7) (11), hotela Radon u Niskoj Baniji
(slika 8) (7) i Trgovinskog centra Zona | (12).
Simulacije koje su predstavljale evakuaciju
stanovnika visoke stambene zgrade sa prisus-
tvom nepokretnih osoba pokazale su koliko se
moZe produZiti vreme potrebno za evakuaciju u
zavisnosti od broja nepokretnih osoba (11). Sim-
ulacije evakuacija su realizovane tako da je prvo
uzet slucaj bez prisustva nepokretnih osoba, zatim
slucaj sa prisustvom 5%, a potom 10% nepokret-
nih osoba od ukupnog broja stanovnika. Procenja
brzina evakuacije u optimalnim uslovima kada u
zgradi nema nepokretnih je 150,2 sekunde, kada
je 5% nepokretnih je 172 sekunde, a kada je 10%
nepokretnih je 299 sekundi (11). U najnepovoljni-
jem slucaju, procenjena brzina evakuacije kada u
zgradi nema nepokretnih je 451,6 sekundi, kada
je 5% nepokretnih 599,6 sekundi, a kada je 10%
nepokretnih je 754 sekunde (11). Simulacije koje
su predstavljale evakuaciju osoba i osoblja iz
hotela Radon u Niskoj Banji pokazale su koliko se
moZe produziti vreme evakuacije ukoliko su po-
trebne manje ili veée asistencije oko nepokretnih i
delimi¢no pokretnih osoba i kada se koriste razlici-
ti putevi za evakuaciju (7). U okviru ovog modela
nepokretne i delimi¢no pokretne osobe su se nal-
azile na petom i Sestom spratu hotela i zahtevale
su asistenciju osoblja. Procenjena brzina evakuaci-
je svih osoba u hotelu Radon u Niskoj Banji u opti-
malnom slucaju je 450,4 sekunde, a u najnepovo-
linijem slucaju 607,2 sekunde (7). Simulacije koje

7

-..‘,l;"

Slika 8. Trenutak tokom simulacije evakuacije iz
Hotela Radon u Niskoj Baniji, Pathfinder 2012.
prezentacija (7)
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Simulation results for the first scenario (Figure
1), when all elevators and main and emergency
stairs were enabled, showed that the evacuation
time ranged from 895 seconds (14.9 minutes) (first
situation) to 958 seconds (16 minutes) (fourth sit-
uation).

In the second scenario (Figure 2), when all el-
evators were disabled while main and emergency
stairs were enabled, the evacuation time ranged
from 984 seconds (16.4 minutes) (first situation) to
1111.1 seconds (18.5 minutes) (fourth situation).

In the third scenario (Figure 3), when all el-
evators and main stairs were disabled, while
emergency stairs were enabled, the evacuation
time ranged from 1997.6 seconds (33.3 minutes)
(first situation) to 2765.3 seconds (46.1 minutes)
(fourth situation).

In the fourth scenario (Figure 4), when no el-
evator was working and when the main, but not
emergency stairs were available, the evacuation
time ranged from 1365 seconds (22.8 minutes)
(first situation) to 2342 seconds (39 minutes)
(fourth situation).

Discussion

The results of our research point to the fact
that the evacuation time from the gerontology
institution, where mobile, partly mobile and im-
mobile persons older than 70 years were settled,
can contribute to the improvement of emergency
situations strategy.

It was evaluated, by the usage of Pathfinder
2020 software, that the evacuation time from the
gerontology institution of a certain model, when
all elevators and all stairs are accessible, is 895-
958 seconds (14.9-16 minutes), when main and
emergency stairs are used 984-1111.1 seconds
(16.4-18.5 minutes), when emergency stairs are
used 1997-2765 seconds (33.3-46.1 minutes) and
when only main stairs are used 1635-2342 sec-
onds (22.8-39.0 minutes).

For this research, the Pathfinder, one of the
most famous software programs for the calcula-
tion of evacuation times and prediction of poten-
tial situations during the evacuation was used (6).
One of the particularly appropriate properties of
this software is a potential to “import” a file from
some computer software designed for drawing
and calculation, such as Auto Cad, FDS, PyroSim
etc. This potential saves the time needed for the
object design. So far, there have been several ver-
sions of Pathfinder simulation software. The ver-
sion of Pathfinder used in this paper was Pathfind-
er 2020 version. The simulation of evacuation by
this program was used not only for the gerontolo-
gy institution but also for the evacuation of people
from the high residential building (Picture 7) (11),
hotel Radon in Niska Banja (Picture 8) (7) and from
market center Zona | (12).

The simulations that presented the evacuation
of residents from a high residential building with
the presence of immobile persons showed for
how much the time needed for the evacuation can

Picture 7. A moment from the simulation of evac-
uation from high residential building, Pathfinder
2020 presentation (11)

Picture 8. A moment from the simulation of evac-
uation from Hotel Radon in NiSka Banja, Pathfind-
er 2012 presentation (7)
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su predstavljale evakuaciju prolaznika, posetilaca i
radnika Trgovinskog centra Zona | pokazale su kako
se moze menjati vreme evakuacije u zavisnosti od
broja i brzine kretanja prolaznika, posetilaca i rad-
nika ovog centra (12). Pomocu ovakvog pristupa
moguce je delimi¢no predvideti guzve i zastoje koji
mogu nastati i na taj nacin uticati na efikasnost
evakuacije. Procenjeno je da se vreme evakuacije
kada je 80 ljudi po spratu objekta 51-75 sekundi,
za 100 ljudi po spratu 65-90 sekundi, a za 150 ljudi
po spratu 1600 do 1900 sekundi (12).

Prema proceni Ujedinjenih nacija ocekuje se
dalji porast stanovnistva starijeg od 65 godina,
tako da je 2019. godine svaka jedanaesta osoba
bila ovog uzrasta, a 2050. godine to ¢e biti svaka
Sesta (13). Starenje populacije prisutno je u svakoj
zemlji. Na globalnom nivou doslo je do porasta
udelastarih od 65ivise godinasa 9% u2019. godini,
na 16% u 2050. godini (13). Porast broja starih do-
prine¢e porastu opterecenja gerontoloskih usta-
nova. Osim toga, briga o starima je joS veca znajudi
da mogu imati fizicka ili mentalna oSteéenja koja
im oteZavaju brigu o sebi, pa samim tim i evakuaci-
ju. Svaka evakuacija starijih lica, posebno delimic-
no ili potpuno nepokretnih, zahteva i angazovanje
medicinskih lica koja treba da im pruze pomo¢ u
procesu evakuacije. Imajuéi sve ovo na umu, jako
su vazna istrazivanja ove vrste, jer doprinose da
se starija lica osecaju sigurnim i tokom vanrednih
situacija. Nove mere i koncepti starenja stanovnist-
va imaju znacajne implikacije na procenu kvaliteta
uslova Zivljenja i njegovo stalno unapredivanje,
pogotovo u gerontoloskim ustanovama.

Zakljucak

Koris¢enje Pathfinder softvera za simulaciju
evakuacije predstavlja veoma vazan, bezbedan i
finansijski povoljan nacin predvidanja evakuacije
i izraCunavanje vremena potrebnog za evakuaciju.
Najvaznija prednost prilikom koris¢enja ovog soft-
vera za simulaciju je ¢injenica da se mogu testirati
i porediti mnogi razli¢iti scenariji simulacije, i na
osnovu toga izabrati najbolji evakuacioni scenar-
io. Najbolji evakuacioni scenario podrazumeva
najbolji put evakuacije, najbolji model ponasanja
korisnika i najbolje koris¢enje stepenista, liftova i

vrata, Sto je narocito vazno za slozene objekte, kao
Sto su objekti sa nepokretnim licima, poput bolnica
i gerontoloskih ustanova, institucije za rehabilitaci-
ju i slicno. Vreme evakuacije iz gerontoloske usta-
nove je najkrace kada rade oba lifta i kada moze
da se koristi glavno i poZarno stepeniste, a najduze
kada je u funkciji samo pozarno stepeniste.
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be extended in dependence on immobile persons’
number (11). Simulations of evacuations were re-
alized without the presence of immobile persons,
with the presence of 5% and 10% immobile per-
sons related to the total number of residents. The
evaluated speed of evacuation without the pres-
ence of immobile persons was 150.2 seconds, with
the presence of 5% of immobile persons 172 sec-
onds and with the presence of 10% of immobile
persons 299 seconds, in the optimal case (11). For
the worst case, the evaluated speed of evacuation
without the presence of immobile persons was
451.6 seconds, with the presence of 5% of immo-
bile persons 599.6 seconds and with the presence
of 10% of immobile persons 754 seconds (11). The
simulations that presented the evacuation of pa-
tients and staff from hotel Radon in Niska Banja
showed for how much the time needed for the
evacuation can be extended in the dependence on
smaller or bigger assistances for immobile or par-
tially mobile persons and evacuation routes (7). Im-
mobile and partially mobile persons were located
on the sixth and fifth floor and they demanded the
assistance of medical staff. The evaluated speed of
evacuation of all persons from hotel Radon in Niska
Banja in the optimal case was 450.4 seconds, and
in the worst case, 607.2 seconds (7). Simulations
that presented the evacuation of passers-by, visi-
tors and workers of market center Zona | showed
how the time of evacuation can be changed in de-
pendance on the number and speed movement of
passers-by, visitors and workers of this center (12).
Using this approach, it is partially possible to pre-
dict crowds and jams that can occur, and in that
way, increase the efficiency of evacuation. It was
evaluated that the evacuation time for the case of
80 people per floor ranged from 51 to 75 seconds,
in dependance on the evacuation speed. For the
case of 100 people per floor, the evacuation time
ranged from 65 to 90 seconds, in dependance on
the evacuation speed. For the case of 150 people
per floor, there were crowds and jams and then
the evacuation time ranged from 1600 to 1900
seconds (12).

According to the United Nations evaluation,
a further increase in the population over the age
of 65 is expected so that in 2019 every eleventh
person was from this age group and in 2050, it
will be every sixth person (13). The ageing of pop-
ulation is present in every country. At the global
level, there has been an increase in the share of

people older than 65 from 9% in 2019 up to 16
% in 2050 (13). The increase of older persons will
contribute to increasing the workload of gerontol-
ogy institutions. Besides, the care for the elderly
is even bigger when they have physical or mental
disorders that make self-care and evacuation more
difficult. Every evacuation of older persons, par-
ticularly partially moved or immobile demands the
engagement of medical staff that should take care
of them in the evacuation process. With all this
in mind, the researches of this kind are very im-
portant because they contribute to older persons’
safety during emergencies. New measurements
and concepts of population ageing have significant
implications on the evaluation of quality of life and
its permanent improvement, especially in geron-
tology institutions.

Conclusion

Using Pathfinder evacuation simulation soft-
ware is a very important, safe and financially fa-
vorable way to predict evacuation and calculate
the time required for the evacuation. The most im-
portant advantage of simulation software usage is
in the fact that many different simulation scenar-
ios can be tested, compared and, based on that,
the best evacuation scenario can be chosen. The
best evacuation scenario implies the best evacu-
ation route, the best model of user behavior and
the best use of stairs, elevators and doors, which
is especially important for complex objects, such
as objects with the presence of immobile persons:
hospitals, gerontology institutions, rehabilitation
institutions and similar. The evacuation time from
the gerontological institution is shorter when both
elevators and the main and emergency staircase
are in function, and the longest when only the
emergency staircase is in function.
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