VOJNOTEHNICKI GLASNIK / MILITARY TECHNICAL COURIER, 2019, Vol. 67, Issue 4

SIMULATION OF EVACUATION FROM
THE TERAZIJE TUNNEL

Radoje B. Jevtic¢

Secondary School of Electrical Engineering ,Nikola Tesla“,
Ni$, Republic of Serbia,

e-mail: milan.jvtc@gmail.com,

ORCID iD: @http://orcid.org/0000-0002-0179-1321

DOI: 10.5937/vojtehg67-20742; https://doi.org/10.5937/vojtehg67-20742

FIELD: Traffic
ARTICLE TYPE: Original Scientific Paper
ARTICLE LANGUAGE: English

Abstract:

Evacuation presents a very complex and difficult task that implies the
safest, shortest and fastest convoying of people, animals and material
resources from an endangered object or location to a secure location.
Different objects, different locations and different scenarios demand
different evacuation strategies. One of very specific objects for evacuation
is a road traffic tunnel. Because of the presence of a number of vehicles
and people within limited space, road traffic tunnel evacuation can be an
extremely unpredictable and dangerous task, which has already been
confirmed by many accidents. There are also other aggravating
circumstances such as tunnel length, fast spreading of smoke (especially
of CO, — carbon dioxide and CO- carbon monoxide) and fire in closed
areas, limited options for approach to the accident place and many others,
very often impossible fo predict. One of very good, economical and safe
ways for the prediction and analysis of evacuation situations and
scenarios is the usage of simulation software. This paper has been written
to show a simulation of evacuation from the road traffic tunnel at Terazije
in Belgrade for different scenarios and for different speeds of participants.
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Introduction

Tunnels are underground or underwater (undersea) objects with
both sides opened horizontally or with a slight gradient, designed for road
traffic, railway traffic, water supply, etc. Depending on different factors
(their position related to the ground, structure, applied building method,
purpose, etc.), there are several different criteria to categorize tunnels.
Their main purpose is to connect two different parts of the road
separated by different obstacles. Modern tunnels for road traffic present
real technological miracles equipped with the latest structural, electro
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technical, ecological and other solutions. They are equipped with modern
light signalization, air and ventilation devices, sensors and detectors,
cameras and a lot of other equipment that make drive through them
simple, comfortable and, in the first place, safe. Many tunnels were built
in a form of two “pipes”, for traffic in both directions. In case of an
accident, there are connection points where the traffic from the “pipe”
where the accident occurred can be directed into the other “pipe”. It is
obvious that modern technology with its solutions increases safety in
tunnels. The interior of a modern road traffic tunnel is presented in Figure
1 (Jevti¢, 2014, pp.537-541), (Jevti¢, 2016a, pp.754-768), (Jevti¢, 2017,
pp.98-114), (Grgi¢, 2008).

Figure 1 — The interior of a new road traffic tunnel on the Ljig-Preljina highway in Serbia
(Radovic, 2016)
Puc. 1 — BHympeHHee o0b6ycmpolicmeo moHHernsi Ha asmomaaucmpanu flue-lpenuHa
Cepbuu (Radovic, 2016)
Cnuka 1 — YHympawH0cm Hog0e OpyMCKOe myHena Ha aymo-nymy Jbue—llpesbuHa y
Cpbuju (Radovic, 2016)

However, tunnel characteristics, the number of vehicles with
different dimensions, purposes and speeds, drivers’ skills and drivers’
health and psychological conditions, human behaviour during panic in
closed areas and many other different factors make it almost impossible
to completely eliminate accidents in tunnels. Many different sources state
that, since 1949, there have been 36 big accidents in road traffic tunnels,
31 of them in Europe. There were more than 200 slightly and seriously
injured in those accidents, while more than 100 people lost their lives,
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mostly from fire and gases. There were many calculations and
simulations but it is still hard to completely predict fire and smoke
behaviour in tunnels. Material damage was huge which was documented
by the fact that most of them were closed for a long time after the
accidents. Some examples of the biggest road traffic tunnel accidents are
the accidents in the Mont Blanc Tunnel (France) and the Tauern Tunnel
(Austria) in 1999, and in the St. Gotthard Tunnel (Switzerland) in 2001.
These road traffic tunnel accidents took about 62 human lives (39 in
Mont Blanc, 12 in Tauern and 11 in St. Gotthard), (Daeron & Ruffin,
2000). The longest tunnels are intended for railway, but there are a lot of
long tunnels for road traffic. The list of the longest road traffic tunnels is
presented in Table 1.
Table 1 — The longest road traffic tunnels in the world (Automagazin, 2011)

Tabnuya 1 — Camble OnuHHbIe a8MOJOPOXKHbIE MOHHeNU mupa (Automagazin, 2011)
Tabena 1 — Hajoyxu Opymcku myHenu Ha ceemy (Automagazin, 2011)

The name of the tunnel Location Length (km)
Duplex A86 France 9.98
Platbutsch Austria 9.98
Gran Sasso D'italia Italia 10.14
Hida Japan 10.78
Yamate Tunnel Japan 10.94
Kanetsu Japan 11.1
Folgefonn Norway 1.1
Baojiashan China 11.2
Gudvangen Norway 11.43
Mount Blanc France — Italia 11.6
Diaplingi Tunnel China 12.23
Frejus France-Switzerland 12.87
Hsuehshan Tunnel Taiwan 12.87
Arlberg Austria 14
St. Gotthard Tunnel Switzerland 16.9
Qinling Zhongnanshan Tunnel China 18.04
Laerdal Tunnel Norway 24.51
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The Terazije Tunnel represents one of the busiest traffic spots in
Belgrade where even the smallest traffic jam can bring a halt to the traffic
through most of Belgrade. Designed by Ljubomir Porfirovi¢ and Milosav
Vidakovi¢, the Terazije Tunnel in Belgrade was completed in 1973
through the building that had already existed in that location. It was a
building of the then-Union of Chambers of Commerce, the construction of
which lasted from 1957 to 1960. Since a tunnel had been planned before
World War Two, the space for the tunnel entrance had been left in the
building basement (Telegraf, 2013). In 1955, when architect Dimitrije T.
Leko proposed a plan for the City Hall, there was a tunnel at Terazije
clearly plotted in it (Nikoli¢, 2014).

The Terazije Tunnel has a length of 223 m, a width of 13 m and a
height of 55 m. It is of strategic importance for the city's traffic
functioning. Any kind of jam, accident or similar occurrence in it can
cause major problems in traffic frequency in all nearest streets as well as
in some streets further away. Many accidents, unfortunately, have shown
and proved its great traffic importance. For example, in the accident in
October 2015, there were 11 cars and a bus in a chain collision which
caused a jam for several hours (Blic, 2015). In an accident in 1997,
Spasoje Barisi¢ from Batajnica drove his Porsche at 192.4 km/h and
caused deaths of three young people while three others were seriously
injured. The direction ahead of and after the Branko's Bridge, the high-
performance car, and violation of traffic laws enabled reaching such high
speed. There were also cases with fire, as the one which occurred in
2013 when a Japan- donated city bus caught fire. Fortunately, there were
no victims. This tunnel is regularly maintained and in case of an accident,
traffic is mainly directed from De&anska street to the Branko's Bridge,
while vehicles coming from the Branko's Bridge are directed to
alternative streets. Soon after this fire, there was another one of a private
car, so these occurrences prompted questions about the Tunnel fire
safety and safety in public traffic. According to Ilvan Zarev, the then-Head
of Direction for Prevention of the Emergency Management Sector of the
Ministry of Interior of Serbia, many old objects built 30, 40 and more
years before had “receivership” right for fire protection. These objects
would probably not satisfy modern and stricter fire regulations. For
example, the Terazije Tunnel does not meet the basic requirements for
fire protection such as fire extinguishing devices, ventilation systems,
hydrant network, etc. (Pressonline, 2013).

The tunnel is available only for vehicles; for pedestrians, pass is not
allowed. Because of its location, the tunnel presents an important traffic
connection between the old part of the town and New Belgrade via
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Brankova street. The Terazije Tunnel is presented on the map in Figure 2
and everyday'’s situation in the tunnel is given in Figure 3.

WP P PN BN 7

BizLife
Restora s Mika Majestic
Bengrasd(g;aNnamD:; SRt Mikan Atera Business Suites (%) S Gar central
NOVI ZLA SHTEK, + B ziatara Stefanovic é
Smart & Grow Shop @ Dokut
centa
)

Vullh Gy Pharmaceutical

il Chamber of Serbia
Copy yentap &
&
c!

Tepasnjcn Tyren

Teraziisk

L)

= TpasenuHao
®  dmdrogerie markt d.o.o

N i tunel
British Council ™ i tun

Terazijski tunel

© 2que Travel
Hostel Goodnifat
e, Grooves

v Ben Axuba
= , Dominic Smart <
& i Hotel Balkan & Luxury Suites cel? %
TS0, ot ¢
Vila Terazije ) @  Oposihmen
Karuzo
Movi Magazi
Modern Business School &) O tioviMagezin
market Community By Kasina
i venac ) [ ] Commurity by Kasina
W BeHaL Terazijska Eesma Hotel Kasina
est@ a8 Hotel KASINA
= Terazije Theater
E = P MosopuwiTe
+ B [=NcS Te,?gl;rl‘éé“‘ [ ] va Tepasujama
— Lcef G Hotel Moskva
Google My Maps "

Figure 2 — Tunnel at Terazije, marked on the map of Belgrade
Puc. 2 — ToHHenb ,Tepasue®, o6o3HayeH Ha kapme benzpada
Cnuka 2 — Tepasujcku myHen o3HavyeH Ha kapmu beoepada

Figure 3 — Every day’s situation in the Terazije Tunnel
Puc. 3 — BydHu 8 moHHene ,, Tepa3ue”
Cniuka 3 — CeakoOHesHU rpusop y Tepasujckom myHesny

It is, therefore, obvious that the Terazije Tunnel presents an
important traffic factor in Belgrade and in the cases of its closure or
blocking, there could be serious problems such as traffic collapse, people
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and goods transport disruptions and, most importantly, endangered
human lives. So, it is necessary to predict potential situations that can
cause traffic paralysis in the Tunnel and predict all needed time for
people’s evacuation. Timely evacuation of people presents the most
important task in crisis situations and the most important contribution of
this study. Evacuation prediction presents a very hard, complex and
always open task, especially in specific situations such as those that can
occur in tunnels. One of the best ways for evacuation prediction in terms
of safety, accuracy, organisation, and low cost is a usage of simulation
software. There are a lot of different evacuation software programs in the
market. One of the most frequently used is Pathfinder.

This paper presents an example of prediction of specific evacuation
situations in the Terazije Tunnel (collision and scrimmage) where such
situations frequently occur. The results realized in this paper present the
advantages of simulation software usage and much better potentials for
the prediction of different evacuation situations thus enabling correct and
safe prediction of evacuation procedures, calculation of evacuation times
and a choice of the best evacuation route in terms of human safety.

Simulation model

The simulation model was designed in Auto Cad software in
accordance with its real dimensions and transferred to Pathfinder 2012.
Pathfinder 2012 presents special software developed as an evacuation
simulator. In the market, there are several different simulators that can be
used for evacuation purposes. Pathfinder provides a graphical user
interface for simulation design and execution as well as 2D and 3D
visualization tools for a results analysis which enables an evacuation
presentation in every moment and at every location of the observed
object (Thunderhead engineering, 2012).

The simulation was realized for different occupant speeds (0.9 m/s,
1.1 m/s, 1.3 m/s, 1.7 m/s, 2 m/s, 2.5 m/s, 3 m/s, 3.5 m/s , 4 m/s, and 4.5
m/s). Generally, occupants can achieve higher speeds than 4.5 m/s but
not in the limited area with other occupants and cars as obstacles. The
occupants were positioned in their vehicles at the start of the simulation.
In accordance with the postulated scenarios, the tunnel was full with
different vehicles. There were 161 cars and 5 buses. Every car had 4
occupants inside and every bus had 60 occupants inside. The total
number of occupants was 944. The dimensions (length, width, height) of
every car were 4.2 m x 1.8 m x 1.6 m, while the dimensions of all buses
were 13 m x 2.65 m x 3.2 m . Every vehicle had a determined number of
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doors which means that cars had 4 exit doors and busses had 3 exit
doors. The distance between every two vehicles was 0.9 m. The vehicles
were positioned in four separate lanes, two in one direction and two in
the opposite direction. Similar evacuation models were realized in some
earlier papers (Jevti¢, 2016a, pp.754-768), (Jevti¢, 2016b, pp.197-208),
(Jevti¢, 2017, pp.98-114).

There were two different simulation scenarios. The first simulation
scenario involved a tunnel full with cars and buses but without any kind of
collision, thus simulating a simple jam in the tunnel - almost an everyday
occurrence. The second scenario also involved a tunnel full with cars and
buses but with a collision. The collision between a bus and three cars
was at 92 m after the Tunnel entrance from the side of Zeleni Venac. Of
course, this evacuation model can be changed for different scenarios and
conditions, which presents a good approach in simulating as realistic
situations as possible and getting as accurate results as possible (Ronchi
et al, 2012, pp.74-84), (Jevti¢, 2016¢c, pp.35-48), (Galea, 2013). The
vehicles in the tunnel for the first and the second scenario are presented
in Figures 4 and 5.

Figure 4 — Simulation presentation of a tunnel with vehicles and occupants inside (the first
simulation scenario)
Puc. 4 — Npe3eHmauusi MoGenupoeaHusi MOHHesNS1 C a8moMobunsIMu U naccaxupamu
8Hympu (rnepebili cyeHapuli Mmoderu)
Cnuka 4 — Cumynayuja npe3eHmauuje myHena ca o3usiuma u rnymyuyuma y remy
(npsu cyeHapuo cumynayuje)
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Figure 5 — Simulation presentation of the tunnel with the marked position of a collision
(the second simulation scenario)
Puc. 5 — lNpe3eHmauusi MoGenupoeaHusi MOHHess1 ¢ 0603Ha4YeHHbIM 10/10XXKeHUEeM
asapuu (smopol cueHapul moderu)
Cnuka 5 — Cumynayuja npe3eHmauuje myHesa ca 03Ha4eHoM no3uyujom cydapa (Opyau
cueHapuo cumynauyuje)

Simulation results

The simulations of the evacuation from the Terazije Tunnel were
realized on a Lenovo ThinkPad L560 laptop, with Intel i7 6600U 1.80GHz
- 2.40ghz and 16 GB of RAM memory.

The average simulation time was about 15 minutes.

Some evacuation examples from the first scenario with the occupant
speed of 1.1 m/s are presented in Figures from 6 to 9, while the complete
simulation results for both scenarios are presented in Figures 10 and 11.
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Exited: 50.944

5.3

Figure 6 — Simulation example for the first scenario after 9.3 seconds from the start of the

simulation
Puc. 6 — Modernb o nepsomy cueHaputo criycms 9,3 cekyHObl om Ha4ana
modenuposaHusi
Cnuka 6 — lNpumep cumynayuje 3a npsu cueHapuo rnocne 9,3 cekyHde 00 noyemka
cumynayuje

Exited: 284 /944

339 .5

Figure 7 — Simulation example for the first scenario after 39.6 seconds from the start of
the simulation
Puc. 7 — Modens ro nepeomy cueHaputo criycmsi 39,6 cekyHd om Hayvana
MoOdenuposaHusi
Cnuka 7 — Cniuka 7 — lNpumep cumynayuje 3a rpeu cyeHapuo HakoH 39,6 cekyHOU 00
rnoyemka cumynauuje
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Exited: 777./944

225

Figure 8 — Simulation example for the first scenario after 122.6 seconds from the start of
the simulation
Puc. 8 — Modenb no nepsomy cueHaputo criycmsi 122,6 cekyHO om Havana
modenuposaHusi
Cnuka 8 — lNpumep cumynayuje 3a npeu cueHapuo nocne 122,6 cekyHOu 00 noyemka
cumynayuje

Number of oceupants —+—Speed of occupants 0.9 s

—-Speed of occupants 1.1 m/s
—+—Speed of occupants 1.3 m/s
—Speed of occupants 1.7 m/s
0 | —#—Speed of occupants 2 m/s

—o—Speed of occupants 2.5 m/s
600 - —+—Speed of occupants 3 m/s

—— Speed of occupants 3.5 m/s
500 1 Speed of occupants 4 m/s

400 | —+—Speed of occupants 4.5 m/s
300 -

200 -
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Figure 9 — Complete simulation results for the first scenario
Puc. 9 — Pe3ynbmambi ModesiupogaHusi Mo rnepg8omy cueHapuro
Cnuka 9 — Komnnem+u pe3ynmamu cumyrnayuje 3a rnpseu cyeHapuo
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Figure 10 — Complete simulation results for the second scenario
Puc. 10 — Pe3ynbmambi MOOeUpo8aHUsi 110 8MmMmopoMy CUEeHapuio
Cniuka 10 — KomnnemHu pesynmamu cumynayuje 3a 0pyau cyeHapuo

Analysis of the results

The results presented in Figure 9 show the times needed for
complete evacuation of the occupants from the Tunnel in the first
scenario. It is obvious that the faster occupants moved, the shorter
evacuation times were. Although the occupant movement speeds were
up to 4.5 m/s, that fact did not cause jams that could significantly
increase the total evacuation time. The evacuation times were from 98.8
seconds to 292 seconds. It is also important to note that the realized
simulation results did not take into account the influence of different
gasses that could be emitted by car and bus exhaust systems -
generally, the tunnel as a pass is forbidden for pedestrians, but in case of
some long jams or serious accidents (hold-ups of more than several
hours) it is obvious that occupants of vehicles must, in order to save
themselves, leave their vehicles and try to find the nearest exit. It is usual
that occupants stay in their vehicles with closed doors and windows in
case of short jams (several dozens of minutes).

The results presented in Figure 10 show the times needed for
complete occupant evacuation from the Tunnel in the second scenario. In
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this case, the presence of collision consequences such as jams, for
example, caused that the fastest occupant movements (4.5 m/s and 4
m/s) had the longest evacuation times. The evacuation time for the
occupant speed of 4.5 m/s was 376 seconds, the evacuation time for the
occupant speed of 4 m/s was 334 seconds, while the occupant speed of
0.9 m/s was 344 seconds. The realized simulation results did not take
into account the influence of different gasses on occupants either. For
some slightly higher speeds of occupants, related to the realized results,
the evacuation times would probably be significantly longer. Significantly
higher speeds of occupants than the realized ones could not be achieved
because of several reasons such as crowds, lack of space, and panic
among occupants with uncontrolled behaviour. The realized simulations
presumed that all occupants were the same (in terms of height, width and
speed), which in some real situations undoubtedly is not the case. In
addition, the simulations did not include situations where people with
different disabilities participate in evacuation, when it is also very hard to
predict and determine evacuation times, routes, ways and many other
important factors, even with simulation software (Jevti¢, 2014, 537-541),
(Jevti¢, 2015a, pp.45-52), (Jevti¢, 2015b, pp.545-550), (Wilson, 2015,
pp.48-50). It is important to note that speeds from 3 m/s and higher are
hard to achieve in the given circumstances so that they mostly have
theoretical significance.

This and similar papers are a good basis for potential future
investigations related to evacuation and risk analyses, where evacuation
could include some other important factors such as smoke and fire
directions, smoke quantity (especially CO,, CO and other toxic gasses),
different types of collisions, and others (Persson, 2002).

Conclusion

It is very hard and almost impossible to control and predict all of the
parameters that road tunnel evacuation depends on. The impossibility of
controlling fire and human behaviour in panic is what supports the above
mentioned statement. That is the reason why particular evacuation
software must be used as an important and permanent engineering tool,
even in the situations when this tool is not in a position to describe or
simulate completely realistic situations. Different simulation results for
different scenarios present the answers or ways that show how to find a
solution for a particular problem if the calculation itself does not present
the solution. So, this kind of software enables many different evacuation
situations to be predicted and, based on the calculated evacuation times,

801

Jevti¢, R., Simulation of evacuation from the Terazije tunnel, pp.790-805



VOJNOTEHNICKI GLASNIK / MILITARY TECHNICAL COURIER, 2019, Vol. 67, Issue 4

the determination of the best evacuation route. This means the
determination of the shortest and the safest way for people’s evacuation.
Also, one of the most important characteristics of this kind of evacuation
prediction is a potential for fast and accurate testing and comparison of
different evacuation models.

The future steps in this and similar studies should be taking into
account some effects that can occur in this and similar situations such as
smoke, fire, panic, obstacle avoidance and surmounting, help to others,
calculation of evacuation times and determination of evacuation routes in
cases when caring affected humans, etc.

This paper has been written to show the possibilities of the Terazije
Tunnel evacuation prediction for different scenarios although some
parameters or facts have not been included. This and similar software
should and must become an obligatory engineer’s tool in order to solve
this kind of problems. Also, this and similar software must be
permanently improved with new facts and knowledge (Jevti¢, 2014, 537-
541), (Jevti¢, 2015a, pp.45-52), (Jevti¢, 2015b, pp.545-550), (Jevtic,
2016a, pp.754-768), (Jevti¢, 2016b, pp.197-208), (Jevti¢, 2016¢c, pp.35-
48), (Jevti¢, 2017, pp.98-114).
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PYBPUKA MPHTWU: 73.31.17 OpraHu3auus n 6e30nacHOCTb 4OPOXHOIO
OBWKEHUS

BWO CTATbW: opurmHansHas Hay4Has ctaTbs

A3bIK CTATbW: anrnunckuin

Pe3swome:

Oeakyayuss npedcmaesrnissem cobol  4YpesebiHaliHO  CIIOXHbIU U
MHO202paHHbIlU rpouecc, nodpasymesarowjull nepemewyeHue mooed,
JKUBOMHbIX U UMywecmea U3 0Xg8a4eHHO20 4pessbivaliHol cumyayuel
obbekma unu mecmHocmu 8 6e3ornacHyto 30Hy. PasnuyHbie o6bekmbl,
MecmHoCMb Urnu cyeHapuu mpebyrom u rnodpasymesarom pasiuyHbie
coomeemcmsytowjue Mepbl 38aKyayuoHHol cmpameauu. OOHUM U3
crieyugpudeckux obnekmoes 0rd 38aKkyauuu s1er1siemcsi asmoGopOXXHbIU
moHHenb. W3-3a 60nbwoz2o Konudecmea asmomobunel u moded,
Haxo0swWuxcss 8 O2paHUYEHHOM  rpocmpaHcmee, 3saKkyauusi 8
asmoOOpPOXHOM  MOHHesle  MOXem  oKa3ambCsl  4YpessbldaliHo
Hernpedcka3yeMbiM U OrnacHbIM 3adaHueM, 0 4Yyem ceudemesibcmeyem
60/IbUWIOE KOTUHECMEBO MPOoU3oWedWUX HecHacmHbIX criydaes. B daHHoU
cesi3u npu MoOesiuposaHuU Heobxo0uMo rnpedycMompembs makue
HerpedsudeHHble obcmosimenscmea Kak: 6ornbwasi OnuHa MOHHESS,
cmpemumernsHoe pacrpocmpaHeHue ObiMa (ocobeHHo CO, — okcud
yenepoda u CO — MoHOKcuO yariepoda) U rfoxap 8 3aKpbimom
rpocmpaHcmee, 02paHUYeHHbIe B803MOXHOCMU docmyrna K Mmecmy
asapuu U  MHozue  Opyaue, 3ayacmyr  Herpedcka3yemble
obcmosimernibecmea. OOHUM U3 Uernecoobpa3sHbiX U HalexHbIX Memodos
MpO2HO3UpOBaHUsI U aHarnu3a 3eaKyauuoHHbIX obcmosimesiscme U
Mepornpussmul  sienissiemcesi  pa3pabomka CueHapHOo20 MOOenUpPos8aHUst
98aKyayUOHHbIX cumyauuli ¢ NMOMOWbIO MPOepPaMMHO20 0becredYeHus.
Llenbto daHHOU pabombi 6bir1o onucaHue 38aKyauUOHHbIX Meponpusmud
8 asmoOOpPOXHOM MmOHHene «Tepasue» & eopode benepad.
lMpoepammHbiv obecriedeHueM Obifiu Oxe8ayeHbl pasHble CueHapuu, C
y4yemoMm  pasfiu4Ho20  Korudecmea  y4acmHUKO8 U CKopocmu
asmodopPOKHO20 OBUXKEHUSI.

Knowesble  crniosa:  a3sakyauusi,  MoOeslupogaHue,  MOHHEsIb,
mpaxcriopm.
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CUMYNALUMNJA EBAKYALNJE N3 TEPA3NJCKOIT TYHEJIA
Padoje b. JeBTnh
EnektpoTexHuuka wkona ,Hukona Tecna”, Huw, Peny6nuka Cpbuja

OBNACT: caobpahaj
BPCTA UJIAHKA: opyruHanHu Hay4Hu pag
JE3WNK YJTAHKA: eHrnecku

Caxemak:

Esakyauyuja npedcmaerba eeoma KOMIIEKCaH U mexaK 3adamak Koju
uMmnnuyupa Hajbe3bedHuje, Hajkpahe u Hajbpxe npemewmarse Jbyou,
ueomurba U MamepujarHux 0obapa u3 y2poxeHoz objekma unu
Jiokayuje 0o cueypHe rnokauuje. Pasnuyumu objekmu, rnokayuje unu
cueHapuju 3axmesajy u rnodpasymesajy pasnudume adekeamHe
esaKyayuoHe cmpameauje. JeGaH 00 geoMa crieyuguyHUx objekama 3a
esaKyauujy je myHen 3a dpyMcku caobpahaj. 3602 ripucycmea MHowimea
eo3usia U JbyOu Ha Oz2paHUYEeHOM fpPOCMOpYy, esaKyauuja myHena 3a
OpymcKu caobpahaj moxe 6umu ekcmpeMHoO Hernpedsudus U ornacaH
3adamak, wmo rnomephyje senuku 6poj Hecpeha koju ce decuo. Takohe,
rnocmoje u Opyee OKO/IHOCMU, Kao WMo Cy MOMmeHyujaiHo eeruka
OyxuHa myHena, 6p3o wupere duma (nocebHo CO, u CO ) u sampe y
3ameopeHUM pocmopumMa, OegpaHudeHe MmoayhHocmu 3a npucmyn
mecmy Hecpehe u mMHoze Opyee Koje je yecmo Hemoeyhe npedsudemul.
JedaH 00 eeoma 006puUX, EKOHOMUYHUX U CUBYPHUX Ha4uHa 3a
npedsuhare U aHanu3dy eesakyauUuoHUX cumyauuja u cueHapuja jecme
ynompeba cumysayuoHoe cogpmeepa. Y pady je rnpuxkasaHa esakyauuja
u3 myHena 3a OpyMmcku caobpahaj Ha Tepasujama y beozpady, 3a
pasnuyume cueHapuje u pasnudyume 6p3uHe y4YecHUKa.

KrbyuHe peuyu: egsakyayuja, cumynayuja, myHen, caobpahaj.
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