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Abstract:

Introduction/purpose: Safety in high residential buildings presents a very
important and always actual task. In case of some unforeseen and
dangerous occurrences, their residents must be evacuated. Fire,
earthquakes, and terrorism are only some of such situations. The speed of
evacuation from high residential buildings depends on many different
factors. A particularly difficult and complex evacuation task concerns
buildings without fire escape stairs.

Methods: The modeling method was used in this paper. Based on a real
object — a residential building, an appropriate simulation model was
realized in appropriate simulation software.

Results: The results of this paper have shown that, out of four scenarios,
the fastest evacuation was for the evacuation speed of 1.75 m/s. The first
two scenarios did not report any jams, unlike the third and fourth scenario;
in the third scenario, the occupants' speeds were 0.75 m/s and 1.25 m/s
while in the fourth scenario, the simulated occupants' speeds were from
0.75m/sto 1.75 m/s.

Conclusion:The usage of appropriate simulation software enables fast,
precise, safe and cheap calculation of evacuation times and it can
significantly improve evacuation procedures and evacuation strategies.

Key words: evacuation, building, human, simulation.

Introduction

An evacuation presents the most important measurement for
population protection. This measurement generally comprises a planned
and organized relocation of humans, animals, material properties, state
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authorities etc., from an endangered area to a safe area. Depending on a
vulnerability degree and current damage, evacuation can be temporary
or permanent. The reasons for evacuation can be different: fire,
earthquake, floods, terrorism, nuclear disaster, tsunami, whirlwind, etc.
Namely, it is important to note that there are differences between
evacuation, displacement, and relocation of population.

Residential buildings present specific objects for evacuation, mostly
because of a huge number of residents of different age. Besides this
important factor, there are also other factors such as building
construction and location, possibilities for fire fighters to approach the
site, presence or absence of evacuation stairs, presence or absence of
an escape rescue system, behavior of residents under stress, etc. For
example, in the United States, in the period from 2007 to 2011, fire units
had 15400 interventions because of fire in high buildings. These fires
caused 46 victims, 530 civil injuries and more than 200 million dollars of
damage, on the year level. It is interesting to note that 45 % of all fires
were caused in apartments; 3 % of all fires were caused in hotels; 2 % of
all fires were caused in offices, and 1 % of all fires was caused in elderly
care objects (Mumovi¢, 2019).

One very important event related to safety evacuation in high
buildings was, unfortunately, the terrorist’s attacks on the World Trade
Centre in New York, on 11 September 2001. According to analyses, the
evacuations of 87 % of all occupants were realized in less than two
hours. However, evacuation times were pretty different and complex to
explain. Because of that reason, many different experts agreed that
safety in high buildings would be much improved with a better
understanding and analysis of human behavior in panic and stress
situations. In addition, several very important factors influenced occupant
behavior in general. Taking into account demographic characteristics, it
was noted that 58 % of all occupants were male with an average age of
44; 90 % of all occupants were well educated, 56 % of all occupants lived
outside New York while 32 % of all occupants lived in the neighborhood.
Health and injury status of occupants were also important - it was noted
that 23 % of all occupants reported some medical problem. Familiarity
with the building and installed fire safety measurements were very poor -
it was confirmed that only 20 % of all occupants were introduced with
proper actions after the alarm sounded (Gershon et al, 2011).

Regardless of building construction characteristics, evacuation from
residential buildings can be realized in several ways: first, by stairs, and
then by elevators or their combinations. Modern residential buildings built
in recent times have several new and modern ways for evacuation, such
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as special security equipment, transport helicopters or some new
construction solutions (connections between buildings or similar). In
many cases, evacuation by stairs presents the only possible way for
evacuation. Many high buildings have standard staircases and
emergency stairs, many not. The realization of staircases demands
detailed research about many factors, such as the position of the
staircase, the material the stairs are made of, the staircase dimensions
(width, riser and tread dimensions), stairs fire resistance, etc. (Pauls,
2005).

Although in the last twenty years fire protection systems and
evacuation systems have significantly improved, accidents in high
residential buildings have occurred. As an example, fires in residential
buildings are presented in Figure 1 (a and b).

Figure 1 — Huge fire in a residential building in Sao Paolo, Brazil, in 2018 (a) (Fos Media,
2018) and a huge fire in the residential building Grenfell Tower in London, UK, in 2017 (b)
(Hartley-Parkinson, 2019)

Puc. 1 — KpynHbit noxap 8 »xunom 30aHuu 8 e.Can-lNayny, bpasunus (a) (Fos Media,
2018) u kpynHbIl noxap e 30aHuu peHgenn-mayap e JloHooHe, OK, 2017 (6) (Hartley-
Parkinson, 2019)

Cnuka 1 — Benuku rioxap y cmambeHoj 3epadu y Cao lMaony, bpasun, (a) (Fos Media,
2018) u eenuku roxap y cmambeHoj 32padu y Grenfell Tower-y y JlonHdoHy, YK, 2017(6)
(Hartley-Parkinson, 2019)

The usage of elevators for evacuation is questionable for many
different reasons: the lack of power supply, collapse capabilities, the
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possibilities of dangerous gases penetration (especially carbon monoxide
(CO)), the lack of space, etc. Because of the noted reasons, many
different evacuation approaches do not recommend elevators usage for
evacuation (Glavini¢ & Raskovi¢, 2016).

The occupant behavior under stress and panic presents a very
complex factor hard to define and predict. It is almost impossible to
predict occupants' behavior in stress situations, no matter how educated
or familiar with safety precautions they are. Occupants are, in normal
conditions, aware and ready to find the best options, even in the cases
when they should aid someone (help someone with disabilities, help
children, etc.). However, are they able to do all this in the presence of
smoke, flame, heat, crashes, explosions or other stress situations? A
different age of occupants is also important and brings new moments of
complexity and unpredictability (Ronchi & Nilsson, 2013), (Jevti¢, 2016).

It is obvious that successful evacuation in an accident, especially
from a complex object such as a residential building, must be realized in
the early stage of the accident. Of course, it implies the timely detection
of an accident or a disaster. Because of that, it is important to predict, as
closely as possible, all potential evacuation scenarios and situations.
One of the best ways to predict evacuation situations and calculate time
needed for evacuation is the usage of simulation software. The usage of
simulation software and the analysis of potential evacuation scenarios for
different evacuation factors present a new, effective, safe, and “all in“
approach in building architecture. Powerful computers enable detailed
analyses of evacuation by simulation and prediction of almost all
potential scenarios. The given facts show that this topic has a great
importance, primarily in the protection of human lives. On the other hand,
a timely and well-planned evacuation enables a fast evacuation of
occupants and a fast approach of fire fighters, which can significantly
decrease damage to material properties. This paper was written to show
the prediction of evacuation scenarios and the calculation of evacuation
times in the case of a building without emergency stairs, using adequate
simulation software.

Pathfinder simulation software

A successful and safely realized evacuation as well as saving lives
and material properties can be significantly improved by using simulation
software. The reasons for simulation software usage lie in the fact that
such usage is, above all, safe and economically cost-effective. In
addition, it has potentials to predict many different evacuation scenarios
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and calculations of evacuation times. There is a number of simulation
software for evacuation on the market. One of them is Pathfinder. This
simulation software is based on human movement. Until today, several
different versions of this program have been developed. This powerful
simulator enables a graphical user interface for simulation design and
execution. It is possible to simulate human movements through objects,
in elevators, on stairs, etc. The Pathfinder environment presents a 3D
triangulated mesh designed to match the real dimensions of a building
model. This software can support two different simulation ways: the
steering mode and the SFPE mode. In addition, this software has a very
important ability to import files from different programs such as FDS, 3D
Cad and PyroSim, what enables much faster drawing of a simulation
model and the usage of the existent simulation models with minor
remakes. The Pathfinder version used for this paper was 2020 version
(Thunderhead, 2014).

Simulation model

The object simulated in this paper was the building in the Bulevar
Nemanjica Street, with numbers from 58 to 64. This object actually
presents four buildings connected in one. The object has four
exits/entrances without emergency stairs. The main advantage of such
objects is in their great stability in case of earthquakes. Every building
has the basement, the ground floor, ten floors and a roof terrace. The
buildings are connected via terraces. The connected terraces serve for
evacuation in case that residents cannot get out through the
entrance/exit.

Every building, taken separately, has two elevators, vault rooms, a
loft and four flats on every floor started from the ground floor to the tenth
floor. This means that every building, taken separately, has forty-four
flats, i.e. there are one hundred and seventy six flats in total. There are
two different flat types per floor, one with an approximate surface of 66
m? and one with an approximate surface of 50 m® Every building
separately has two different elevators: one with a total capacity of four
persons and one with a total capacity of six persons. The elevators have
different speeds. These speeds were measured, and, for a smaller
elevator type, the speed was 1. 1 m/s, while the speed of a bigger
elevator was 0.92 m/s. The maximum distance between the floors is
approximately 2. 6 m, which means that the total height of the object is
approximately 36-38 m (measured from the ground to the elevator
machine room on the top of the building). Related to this object, a proper
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simulation model with all its real dimensions was constructed in
Pathfinder software.

The positions of the residents were per floors and in flats, based on
the resident lists. Because of visibility, the HIDE function from Pathfinder
was used. This means that only some elements were visible, such as
stairs, doors, elevators, etc. The total number of residents was 699,
which was confirmed from the resident lists for every of four buildings
separately (179 residents in the entrance/exit with number 58, 168
residents in the entrance/exit with number 60, 169 residents in the
entrance/exit with number 62, and 183 residents in the entrance/exit with
number 64).

After the construction of the simulation model, it was decided to
simulate four different scenarios. The first simulation scenario included all
entrances/exits opened, with enabled and disabled elevators. The
second simulation scenario included one entrance/exit blocked while
other three entrances/exits were open (all potential 9 cases), with
enabled and disabled elevators. The third simulation scenario included
two entrances/exits blocked while other two entrances/exits were open
(all potential 12 cases), with enabled and disabled elevators. The fourth
simulation scenario was based on three entrances/exits blocked while
one entrance/exit was open (all potential 8 cases), with enabled and
disabled elevators. Each of four scenarios was realized for different
speeds of occupants: 0.75 m/s, 1 m/s, 1.25 m/s, and 1.5 m/s and 1.75
m/s (Jevti¢, 2018), (Jevti¢, 2019a).

The residential building in Bulevar Nemaniji¢a Street, from 58 to 64,
Ni§, is presented in Figure 2 (a), while the appropriate Pathfinder
simulation model of the residential building in Bulevar Nemaniji¢a Street
is presented in Figure 2 (b).

Simulation results

The complete simulation results are presented from Table 1 to Table
30. The simulation results for the first scenario are presented in Tables 1
and 2. The simulation results for the second scenario are presented in
Tables from 3 to 10. The simulation results for the third scenario are
presented in Tables from 11 to 22. The simulation results for the fourth
scenario are presented in Tables from 23 to 30. All simulations of the
evacuation were realized on a laptop Honor MagicBook 15 with AMD
Ryzen 5 3500U processor at 3.7 GHz and 6 MB of CASH memory and 8
GB DDR4 2667 MHz. It is desirable to possess a strong hardware
configuration for any kind of computer simulation.
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Figure 2 — Building in Bulevar Nemanji¢a Street, from 58 to 64 (a) and the Pathfinder
simulation model of the residential building in Bulevar Nemanji¢a Street (b)
Puc. 2 — 30aHue Ha bynseape HemaHuua ¢ 58 o 64 (a) u umumauyuoHHas Modesb 8
Jxunom 30aHuu Pathfinder Ha Bynseape HemaHuua (6)
Cnuka 2 — 3epada y bynesapy Hemarsuha, 0d 6poja 58 do 64 (a), u cumynayuoHu
moden y Pathfinder-y cmambeHe 3epade y byneeapy Hemaruha (6)

Table 1 — Simulation results in seconds for the first scenario, with elevators enabled and
for the occupants’ speeds from 0.75 m/s, 1 m/s, 1.25 m/s, 1.5 m/s, and 1.75 m/s
Tabnuya 1 — Pe3ynbmambi CUMYynSyuu, 8blpaxeHHbIe 8 CeKyHOax o rnepeomy
cueHapuro, ¢ nugpmamu, yqumsigasi ckopocms xunbyos: 0.75 m/c, 1 m/c, 1.25 m/c, 1.5
m/c u 1.75 m/c
Tabena 1 — CumynayuoHu pe3ysimamu y cekyH0ama 3a npeu cueHapuo, ca nugmosuma
u 3a 6p3uHe cmaHapa: 0,75 m/s, 1 m/s, 1,26 m/s, 1,5 m/s u 1,756 m/s

Number of occupants 669 500 400 300 200 100 0

Time for speed of 0 133 | 183 | 230 | 286 | 332 | 365
occupants 0.75 m/s

Time for speed of

0 105.7 | 1416 | 1834 221 256 293
occupants 1 m/s

Time for speed of

occupants 1.25 mis 0 84 127 159 197 234 256

Time for speed of

0 72.2 105.8 148 176 209 236
occupants 1.5 m/s

Time for speed of 0 50 79 123 140 180 209
occupants 1.75 m/s

154




Table 2 — Simulation results in seconds for the first scenario, with elevators disabled and
for the occupants’ speeds from 0.76 m/s, 1 m/s, 1.25 m/s, 1.5 m/s, and 1.75 m/s
Tabnuua 2 — Pe3yrnbmambl cCUMynsyuu, 8bipaxkeHHbIe 8 CeKyHAax rno rnepeomy
cueHapuro, be3 nupma, yuumsigasi ckopocms xunbyos: 0.75 m/c, 1 m/c, 1.25 m/c, 1.5
m/cu 1.75 m/c
Tabena 2 — CumynayuoHu pe3ysimamu y cekyH0ama 3a npeu cueHapuo, 6e3 ugpmosa u
3a bp3uHe cmaHapa: 0,75 m/s, 1 m/s, 1,25 m/s, 1,5 m/s u 1,75 m/s

Number of occupants 669 | 500 400 300 200 100 0

Time for speed of 0 145 203 255 313 351 442
occupants 0.75 m/s

Time for speed of 0 123 1776 | 2194 | 257 292 334
occupants 1 m/s

Time for speed of 0 113 156 188 226 263 288
occupants 1.25 m/s

Time for speed of 0 952 | 128.8 171 199 232 | 267.6
occupants 1.5 m/s

Time for speed of 0 74 88.7 133 150 187 232
occupants 1.75 m/s

Table 3 — Simulation results in seconds for the second scenario, with elevators enabled
and the first entrance/exit blocked and for the occupants’ speeds from 0.75 m/s, 1 m/s,
1.25m/s, 1.5 m/s, and 1.75 m/s
Tabnuuya 3 — Pe3ynbmambi CUMynsyuu, 8blpakeHHbIe 8 CeKyHOax rno emopomy
cuyeHapuro, ¢ niugpmamu u rnepsbim 3abriokuposaHHbIM 8X000M/8bIX000M, yHUMbI8asi
ckopocmb xunbyos: 0.75 m/c, 1 m/c, 1.25 m/c, 1.5 m/c u 1.75 m/c
Tabena 3 — CumynayuoHu pe3ynmamu y cekyHdama 3a Opyau cyeHapuo, ca
nugpmosuma u ca rpeum briokupaHuM yrnasom/Aiznasom u 3a 6p3uHe cmaHapa: 0,75 m/s,
1m/s, 1,25 m/s, 1,5 m/s u 1,75 m/s

Number of occupants 669 | 500 400 300 200 100 0

Time for speed of occupants 0 190 225 291 398 562 796
0.75 m/s

Time for speed of occupants 0 160 195 254 342 501 627
1 m/s

Time for speed of occupants | 134 165 231 311 472 554
1.25 m/s

Time for speed of occupants | 118 136 201 284 420 499
1.5 m/s

Time for speed of occupants 0 100 120 172 235 367 434
1.75 m/s
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Table 4 — Simulation results in seconds for the second scenario, with elevators enabled
and the second entrance/exit blocked and for the occupants’ speeds from 0.75 m/s, 1
m/s, 1.25 m/s, 1.5 m/s, and 1.75 m/s
Tabnuya 4 — Pe3ynbmambl CUMYFAYUU, 8bIpaXXeHHbIe 8 ceKyHOax o 8mopomy
cueHapuro, ¢ nugpmamu u 8mopbiM 3ab10KUPOBaHHbIM 8X000M/8bIXO00M, y4Yumbieasi
ckopocmb xunbyos: 0.75 m/c, 1 m/c, 1.25 m/c, 1.5 m/c u 1.75 m/c
Tabena 4 — CumynayuoHu pe3ynmamu y cekyHdama 3a Opyau cuyeHapuo, ca
nugpmosuma u ca Opyaum briokupaHumM ynazom/Aizna3om, u 3a 6psuHe cmaHapa: 0,75
m/s, 1Tm/s, 1,25 m/s, 1,5 m/s u 1,76 m/s

Number of occupants 669 500 400 300 200 100 0

Time for speed of occupants 0 184 213 275 380 546 772
0.75 m/s

Time for speed of occupants | 0 155 184 239 320 487 600
1 m/s

Time for speed of occupants 0 128 155 218 295 455 530
1.25 m/s

Time for speed of occupants 0 113 126 190 266 406 468
1.5 m/s

Time for speed of occupants | 0 95 110 | 166.4 | 221 351 422
1.75 m/s

Table 5 — Simulation results in seconds for the second scenario, with elevators enabled
and the third entrance/exit blocked and for the occupants’ speeds from 0.75 m/s, 1 m/s,
1.25m/s, 1.5 m/s, and 1.75 m/s
Tabnuya 5 — Pe3ynsmambl CUMYNSYUU, 8bIpaXXeHHbIe 8 CeKyHOax o 8mopomy
cueHapuro, ¢ ugpmamu u mpembum 3abr10KUPO8aHHbLIM 8X000M/8bIXOO0M, y4UmbIi8asi
ckopocmb xunbyos: 0.75 m/c, 1 m/c, 1.25 m/c, 1.5 m/c u 1.75 m/c
Tabena 5 — CumynayuoHu pe3ynmamu y cekyHOama 3a Opyeu cyeHapuo, ca
nugmosuma u ca mpehum b6rokupaHum yna3om/Adizna3om, u 3a 6p3uHe cmaHapa: 0,75
m/s, 1m/s, 1,25 m/s, 1,5m/s u 1,75 m/s

Number of occupants 669 | 500 400 300 200 100 0

Time for speed of occupants 0 199 225 290 397 566 789
0.75 m/s

Time for speed of occupants 0 167 199 253 336 506 615
1 m/s

Time for speed of occupants 0 136 174 234 311 475 543
1.25 m/s

Time for speed of occupants | 0 122 150 202 280 422 480
1.5 m/s

Time for speed of occupants 0 104 132 180 235 369 432
1.75m/s
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Table 6 — Simulation results in seconds for the second scenario, with elevators enabled
and the fourth entrance/exit blocked and for the occupants’ speeds from 0.75 m/s, 1 m/s,
1.25m/s, 1.5 m/s, and 1.75 m/s
Tabnuya 6 — Pe3ynbmambi CUMYAYUU, 8bipaXXeHHbIe 8 ceKyHOax o 8mopomy
cueHapuro, ¢ nuchmamu u yemeepmbiM 3abITIOKUPOBaHHbLIM 8X000M/8bIXO00M, y4Yumbleasi
ckopocmb xunbyos: 0.75 m/c, 1 m/c, 1.25 m/c, 1.5 m/c u 1.75 m/c
Tabena 6 — CumynayuoHu pe3ynmamu y cekyHdama 3a Opyau cuyeHapuo, ca
nugpmosuma u ca yemepmum b6r10KUpaHUM yra3om/Aisna3om, u 3a 6p3uHe cmaHapa:
0,75m/s, 1m/s, 1,25 m/s, 1,5 m/s u 1,75 m/s

Number of occupants 669 500 400 300 200 100 0

Time for speed of occupants 0 210 239 306 415 588 811
0.75 m/s

Time for speed of occupants 0 178 213 269 354 526 639
1 m/s

Time for speed of occupants 0 147 185 250 330 496 566
1.25 m/s

Time for speed of occupants | 0 135 164 217 297 444 503
1.5 m/s

Time for speed of occupants 0 116 144 194 253 390 457
1.75 m/s

Table 7 — Simulation results in seconds for the second scenario, with elevators disabled
and the first entrance/exit blocked and for the occupants’ speeds from 0.75 m/s, 1 m/s,
1.25m/s, 1.5 m/s, and 1.75 m/s
Tabnuya 7 — Pe3ynsmambi CUMYSYUU, 8bIpaXXeHHbIe 8 CeKyHOax o 8mopomy
cueHapuro, 6e3 nugpma u ¢ nepebiM 3abr1oKUPO8aHHbLIM 8X000M/8bIXO00M, y4UMbIBas
ckopocmb xunbyos: 0.75 m/c, 1 m/c, 1.25 m/c, 1.5 m/c u 1.75 m/c
Tabena 7 — CumynayuoHu pe3ynmamu y cekyHO0ama 3a Opyau cueHapuo, 6e3 nugpmosa
u ca npsum 6rioKupaHuUM ynasom/Ai3nas3om, u 3a bp3uHe cmaHapa: 0,75 m/s, 1 m/s, 1,25
m/s, 1,5m/su 1,75 m/s

Number of occupants 669 [ 500 400 300 200 100 0

Time for speed of 0 270 306 372 480 642 873
occupants 0.75 m/s

Time for speed of 0 240 278 337 420 582 700
occupants 1 m/s

Time for speed of 0 215 248 315 390 553 | 634.9
occupants 1.25 m/s

Time for speed of 0 199 217 281.3 363 499 579.5
occupants 1.5 m/s

Time for speed of 0 181 200 250 313 447 515
occupants 1.75 m/s
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Table 8 — Simulation results in seconds for the second scenario, with elevators disabled
and the second entrance/exit blocked and for the occupants’ speeds from 0.75 m/s, 1
m/s, 1.25 m/s, 1.5 m/s, and 1.75 m/s
Tabnuya 8 — Pe3ynbmambi CUMYAYUU, 8bipaXXeHHble 8 ceKyHOax o 8mopomy
cueHaputro, bes nugma u co 8mopbiM 3abr10KUPOBaHHbLIM 8X000M/8bIXO00M, yHumMblgasi
ckopocmb xunbyos: 0.75 m/c, 1 m/c, 1.25 m/c, 1.5 m/c u 1.75 m/c
Tabena 8 — CumynayuoHu pe3ynimamu y cekyHOama 3a 0pyau cuyeHapuo, 6e3 nughmosa
u ca dpyaum 6rokupaHum ynasom/Aiznasom, u 3a 6p3uHe cmaHapa: 0,75 m/s, 1 m/s, 1,26
m/s, 1,5m/s u 1,75 m/s

Number of occupants 669 500 400 300 200 100 0

Time for speed of 0 220 250 313.6 | 4184 580 812
occupants 0.75 m/s

Time for speed of 0 1934 | 223 | 2809 | 361.6 | 528.2 | 642
occupants 1 m/s

Time for speed of 0 162 192 260 330 493 569
occupants 1.25 m/s

Time for speed of 0 152 168 229.5 302 443 525
occupants 1.5 m/s

Time for speed of 0 133.7 | 149 | 2053 260 390.4 | 460
occupants 1.75 m/s

Table 9 — Simulation results in seconds for the second scenario, with elevators disabled
and the third entrance/exit blocked and for the occupants’ speeds from 0.75 m/s, 1 m/s,
1.25m/s, 1.5 m/s, and 1.75 m/s
Tabnuya 9 — Pe3ynbmambi CUMYNSYUU, 8bIpaXKeHHbIe 8 CeKyHOax o 8mopomy
cueHaputo, 6e3 fiugpma u ¢ mpemsbum 3abI0KUPOBaHHbIM 8X000M/8bIXOOOM, yHUMbI8ast
ckopocmb xunbyos: 0.75 m/c, 1 m/c, 1.25 m/c, 1.5 m/c u 1.75 m/c
Tabena 9 — CumynayuoHu pe3ynmamu y cekyHO0ama 3a Opyau cueHapuo, 6e3 nugpmosa
u ca mpehum 6r10KupaHuM ynasom/Ai3na3om, u 3a bp3uHe cmaxapa: 0,75 m/s, 1 m/s,
1,25m/s, 1,5m/s u 1,75 m/s

i" VOJNOTEHNICKI GLASNIK / MILITARY TECHNICAL COURIER, 2021, Vol. 69, Issue 1

Number of occupants 669 500 400 300 200 100 0

Time for speed of 0 264.4 295 357.4 462 620 856
occupants 0.75 m/s

Time for speed of 0 2376 | 267.6 | 324.4 402 567 684
occupants 1 m/s

Time for speed of 0 206.6 | 237.6 303 3704 | 537 613
occupants 1.25 m/s

Time for speed of 0 1974 | 2246 | 2764 345 481 569
occupants 1.5 m/s

Time for speed of 0 149 198.5 | 248.6 305 434 503.5
occupants 1.75 m/s
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Table 10 — Simulation results in seconds for the second scenario, with elevators disabled
and the fourth entrance/exit blocked and for the occupants’ speeds from 0.75 m/s, 1 m/s,
1.25m/s, 1.5 m/s, and 1.75 m/s
Tabrnuya 10 — Pe3ynbmambl CUMynayuu, 8bipaXeHHbIe 8 CeKyHOax ro emopomy
cueHaputro, be3 nugpma u ¢ HemaepmbiM 3abr10KUPOBaHHbLIM 8X0O0M/8bIXOO0OM,
yqumsieasi ckopocms xunbyos: 0.75 m/c, 1 m/c, 1.25 m/c, 1.5 m/c u 1.75 m/c
Tabena 10 — CumynayuoHu pe3ysimamu y cekyH0ama 3a Opyau cueHapuo, 6e3
nugomosa u ca Yemepmum b6r10KuUpaHuUM yna3om/Ai3na3om, u 3a 6psuHe cmaHapa: 0,75
m/s, 1Tm/s, 1,25 m/s, 1,5 m/s u 1,75 m/s

Number of occupants 669 | 500 400 300 200 100 0

Time for speed of 0 292 330 393 494 657 893
occupants 0.75 m/s

Time for speed of 0 274 304 361 439 603 720.2
occupants 1 m/s

Time for speed of 0 243 273 340 405.3 | 5735 649
occupants 1.25 m/s

Time for speed of 0 214 258 | 314.4 382 525.6 606
occupants 1.5 m/s

Time for speed of 0 195 234 | 284.4 341 4715 | 5415
occupants 1.75 m/s

Table 11 — Simulation results in seconds for the third scenario, with elevators enabled
and the first and the second entrances/exits blocked and for the occupants’ speeds from
0.75m/s, 1m/s, 1.25m/s, 1.5 m/s, and 1.75 m/s
Tabnuya 11 — Pe3ynbmambl CUMYSUUU, 8bIPaXEHHbIE 8 CEKyHOax o mpemsemy
cueHapuro, ¢ iugpmamu u ¢ rnepsbiM U 8mopbiM 3abr10KUPOBaHHbIMU
exodamu/sbixodamu, yHumbigasi ckopocmb xunbyos: 0.75 m/c, 1 m/c, 1.25 m/c, 1.5 m/c u
1.75 m/c
Tabena 11 — CumynayuoHu pe3ynmamu y cekyHOama 3a mpehu cueHapuo, ca
nugpmosuma u ca npsum u Opyaum 6r1okupaHum yrnasuma/iznasuma , u 3a 6psuHe
cmaHapa: 0,75 m/s, 1 m/s, 1,25 m/s, 1,5 m/s u 1,75 m/s

Number of occupants 669 500 400 300 200 100 0

Time for speed of o | 314 | 357 | 416 | 517 | 679 | 915
occupants 0.75 m/s

Time for speed of 0 296 325 384 460 624 742
occupants 1 m/s

Time for speed of 0 264 2946 | 360.9 | 426.7 | 595.2 | 671
occupants 1.25 m/s

Time for speed of 0 2352 | 278.7 336 402 5477 | 627
occupants 1.5 m/s

Time for speed of 0 216 254 304 361 494 565
occupants 1.75 m/s
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Table 12 — Simulation results in seconds for the third scenario, with elevators enabled
and the first and the third entrances/exits blocked and for the occupants’ speeds from
0.75m/s, 1m/s, 1.25 m/s, 1.5 m/s, and 1.75 m/s
Tabnuya 12 — Pe3ynbmambi CUMYIISALUUU, 8bIPaXXeHHbIe 8 CeKyHOax no mpemsemy
cueHapuro, ¢ iugpmamu u ¢ rnepsbiM U mpemsum 3abr10KUpo8aHHbIMU 8xodamu/8bixodamu,
y4yumsbieasi ckopocmb xunbyos: 0.75 m/c, 1 m/c, 1.25 m/c, 1.5 m/c u 1.75 m/c
Tabena 12 — CumynayuoHu pe3ynmamu y cekyH0ama 3a mpehu cueHapuo, ca
nugpmosuma u ca npsum u mpehum 6rokupaHum ynasuma/iznasuma, u 3a 6p3uHe
cmaHapa: 0,75 m/s, 1 m/s, 1,25 m/s, 1,5 m/s u 1,75 m/s

Number of occupants 669 | 500 400 300 200 100 0
Time for speed of o | 326 | 369 | 428 | 529 | 691 | o927
occupants 0.75 m/s

Time for speed of 0 308 337 396 472 636 754
occupants 1 m/s

Time for speed of 0 276 | 306.6 | 3734 | 439 | 607.2 | 683
occupants 1.25 m/s

Time for speed of 0 248 | 290.7 348 414 | 560.2 | 639
occupants 1.5 m/s

Time for speed of o | 228 | 266 | 316 | 373 | 506 | 577

occupants 1.75 m/s

Table 13 — Simulation results in seconds for the third scenario, with elevators enabled
and the first and the fourth entrances/exits blocked and for the occupants’ speeds from
0.75m/s, 1m/s, 1.25 m/s, 1.5 m/s, and 1.75 m/s
Tabnuya 13 — Pe3ynbmambl CUMYSUUU, 8bIPaXXEHHbIE 8 CEKyHOax o mpemsemy
cueHaputro, ¢ nughmamu U ¢ nepsbIM U YyemeaepmbiM 3ab/10KUPO8aHHbIMU
exodamu/sbixodamu, yHumsigasi ckopocmb xunbyos: 0.75 m/c, 1 m/c, 1.25 m/c, 1.5 m/c u
1.75 m/c
Tabena 13 — CumynayuoHu pe3ynmamu y cekyHOama 3a mpehu cueHapuo, ca
nugpmosuma u ca npeumM u Yyemepmum b6rI0OKUpaHUM ynasuma/uznasuma, u 3a 6p3uHe
cmaHapa: 0,75 m/s, 1 m/s, 1,25 m/s, 1,5 m/s u 1,75 m/s

Number of occupants 669 500 400 300 200 100 0

Time for speed of

occupants 0.75 m/s 0 353 397 453 558.4 | 718.3 | 952.9

Time for speed of 0 | 3344 364 423 500 | 661.6 | 782.1
occupants 1 m/s

Time for speed of 0 304 331 401.8 465 635.6 709
occupants 1.25 m/s

Time for speed of

0 274 318.3 374 440 591 665
occupants 1.5 m/s

Time for speed of 0 | 2547 292 342 | 400.5 532 605
occupants 1.75 m/s
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Table 14 — Simulation results in seconds for the third scenario, with elevators enabled
and the second and the third entrances/exits blocked and for the occupants’ speeds from
0.75m/s, 1m/s, 1.25 m/s, 1.5 m/s, and 1.75 m/s
Tabnuya 14 — Pe3ynbmambl CUMYSUUU, 8bIPaXEHHbIE 8 CEKyHOax rno mpemsemy
cyeHapuro, ¢ nugpmamu U co 8mopbIM U mpembUM 3ab510KUPOBaHHbIMU
exodamu/sbixodamu, yHumbigasi ckopocms xunbuyos: 0.75 m/c, 1 m/c, 1.25 m/c, 1.5 m/c u
1.75 m/c
Tabena 14 — CumynayuoHu pesynmamu y cekyHOama 3a mpehu cueHapuo, ca
nugpmosuma u ca Opyaum u mpehum brokupaHum ynasuma/iznasuma, U 3a 6p3uHe
cmaHapa: 0,75 m/s, 1 m/s, 1,25 m/s, 1,5 m/s u 1,75 m/s

Number of occupants 669 500 400 300 200 100 0

Time for speed of 0 | 208 | 340 | 400 | 500 | 663 | 899
occupants 0.75 m/s

Time for speed of 0 281 310 369 445 609 727
occupants 1 m/s

Time for speed of 0 249 279.6 | 3459 | 411.7 | 579.8 656
occupants 1.25 m/s

Time for speed of 0 220.2 | 263.7 | 320.5 387 531.2 612
occupants 1.5 m/s

Time for speed of 0 201 240.4 | 290.2 | 3455 479 550
occupants 1.75 m/s

Table 15— Simulation results in seconds for the third scenario, with elevators enabled
and the second and the fourth entrances/exits blocked and for the occupants’ speeds
from 0.75 m/s, 1 m/s, 1.25 m/s, 1.5 m/s, and 1.75 m/s
Tabnuya 15 — Pe3yribmambi CUMYAUUU, 8bIPaXXeHHbIe 8 CEKyHOax o mpembsemMy cUeHapuro,
C Jlugbmamu u co 8mopbIM U HemeepmbiM 3abr10KUpO8aHHbIMU 8xodamu/ebixodamu,
y4umsigasi ckopocma xunbyos: 0.756 m/c, 1 m/c, 1.25 m/c, 1.5 m/c u 1.75 m/c
Tabena 15 — CumynayuoHu pe3ynmamu y cekyH0ama 3a mpehu cueHapuo, ca
nugpmosuma u ca Opyeum u yemepmum b6r10KuUpaHUM ynasuma/iznasuma, u 3a 6p3uHe
cmaHapa: 0,75 m/s, 1 m/s, 1,25 m/s, 1,5 m/s u 1,75 m/s

Number of occupants 669 | 500 400 300 200 100 0

Time for speed of

occupants 0.75 m/s 0 337 380 439 541.5 702 938

Time for speed of 0 319 348 407 483 647 765
occupants 1 m/s

Time for speed of 0 287 | 317.6 | 385.7 450 618.2 | 694
occupants 1.25 m/s

Time for speed of 0 259 302 359 426.2 574 650
occupants 1.5 m/s

Time for speed of 0 239 | 278.3 327 384 517 588
occupants 1.75 m/s
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Table 16 — Simulation results in seconds for the third scenario, with elevators enabled
and the third and the fourth entrances/exits blocked and for the occupants’ speeds from
0.75m/s, 1m/s, 1.25 m/s, 1.5 m/s, and 1.75 m/s
Tabnuya 16 — Pe3yribmambi CUMYIISILUU, 8bIPaXXeHHbIe 8 CEKyYHOax o mpembsemMy CUeHapuio,
C flugbmamu u ¢ mpembUumM U YemeepmbiM 3abr10KUpO8aHHbIMU 8xo0amu/8bixodamu,
yuumsigasi ckopocmab xurnbyos: 0.75 m/c, 1 m/c, 1.25 m/c, 1.5 m/c u 1.75 m/c
Tabena 16 — CumynayuoHu pe3ynmamu y cekyH0ama 3a mpehu cueHapuo, ca
nugpmosuma u ca mpehum u yemepmum 6r10KUpaHuUM ynasuma/iznasuma, U 3a 6p3uHe
cmaHapa: 0,75 m/s, 1 m/s, 1,25 m/s, 1,5 m/s u 1,75 m/s

Number of occupants 669 500 400 300 200 100 0

Time for speed of 0 346 390.5 448 551 711 947
occupants 0.75 m/s

Time for speed of 0 328 358.4 416 493 656 775.3
occupants 1 m/s

Time for speed of 0 297.4 325 394 459 628 703
occupants 1.25 m/s

Time for speed of 0 268 311 368 434 | 584.3 659
occupants 1.5 m/s

Time for speed of 0 248 286 335.8 393 526 598.3
occupants 1.75 m/s

Table 17 — Simulation results in seconds for the third scenario, with elevators disabled
and the first and the second entrances/exits blocked and for the occupants’ speeds from
0.75m/s, 1m/s, 1.25m/s, 1.5 m/s, and 1.75 m/s
Tabnuya 17 — Pe3ynbmambl CUMYSUUU, 8bIPaXEHHbIE 8 CEKyHOax rno mpemsemy
cueHaputro, be3 nugma u ¢ nepebiM U 8MopbIM 3abIOKUPO8aHHbIMU 8xodamu/8bixodamu,
yqumsieasi ckopocms xunbyos: 0.75 m/c, 1 m/c, 1.25 m/c, 1.5 m/c u 1.75 m/c
Tabena 17 — CumynayuoHu pesynmamu y cekyHOama 3a mpehu cueHapuo, 6e3
niugbmosa u ca npsum u Opyeum brioKUpaHUM ynasuma/iznasuma, u 3a 6p3uHe
cmaHapa: 0,75 m/s, 1 m/s, 1,25 m/s, 1.5 m/s u 1,75 m/s

Number of occupants 669 [ 500 400 300 200 100 0

Time for speed of

occupants 0.75 m/s 0 366 410.4 570 569 731 966

Time for speed of 0 348 3775 436 511.9 676 794
occupants 1 m/s

Time for speed of 0 316 | 346.6 | 413.34 | 479 648 723
occupants 1.25 m/s

Time for speed of 0 288 331.6 388 454 600 679
occupants 1.5 m/s

Time for speed of 0 268 306 356.11 413 546 617
occupants 1.75 m/s
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Table 18 — Simulation results in seconds for the third scenario, with elevators disabled
and the first and the third entrances/exits blocked and for the occupants’ speeds from
0.75m/s, 1m/s, 1.25 m/s, 1.5 m/s, and 1.75 m/s
Tabnuya 18 — Pe3yribmambi CUMYIISILUU, 8bIPaXXEHHbIe 8 CEKYHOax rno mpembsemMy CUEeHapUio,
6e3 niugpma u ¢ epsbiM U mpembUMM 3ab510KUPO8aHHbIMU 8X00aMu/8bixo0amMu, yHuUMmbIeast
ckopocmb xunbyos: 0.75 m/c, 1 m/c, 1.25 m/c, 1.5 m/c u 1.75 m/c
Tabena 18 — CumynayuoHu pe3ynmamu y cekyHOama 3a mpehu cueHapuo, 6e3
nugpmosa u ca npeum u mpehum 6rokupaHum ynasuma/iznasuma, u 3a bp3uHe
cmaHapa: 0,75 m/s, 1 m/s, 1,25 m/s, 1,5 m/s u 1,75 m/s

Number of occupants 669 500 400 300 200 100 0

Time for speed of 0 | 37745 | 420 479 580 742 977
occupants 0.75 m/s

Time for speed of 0 359 388 447 523 687.4 805
occupants 1 m/s

Time for speed of 0 327 358 424 .4 425 659 734.7
occupants 1.25 m/s

Time for speed of 0 | 299.11 | 3417 399 465 | 611.2 | 691.3
occupants 1.5 m/s

Time for speed of 0 279 316.7 367 424 557 628
occupants 1.75 m/s

Table 19 — Simulation results in seconds for the third scenario, with elevators disabled
and the first and the fourth entrances/exits blocked and for the occupants’ speeds from
0.75m/s, 1m/s, 1.25m/s, 1.5 m/s, and 1.75 m/s
Tabnuya 19 — Pe3yribmambi CUMYISILUU, 8bIPaXXEHHbIe 8 CEKyHOax rno mpembsemMy CUeHapUro,
6e3 niugpma u ¢ repebIM U YHemeepmbIM 3abrI0KUPOBaHHBIMU 8Xx00aMu/8bixo0amu, yHUmbI8ast
ckopocmb xunbyos: 0.75 m/c, 1 m/c, 1.25 m/c, 1.5 m/c u 1.75 m/c
Tabena 19 — CumynayuoHu pe3ynmamu y cekyHOama 3a mpehu cueHapuo, 6e3
niugbmoea u ca npsum u Yyemespmum 6r10KUpaHUM ynasuma/iznasuma, U 3a 6p3uHe
cmaHapa: 0,75 m/s, 1 m/s, 1,25 m/s, 1,5 m/s u 1,75 m/s

Number of occupants 669 500 400 300 200 100 0

Time for speed of 0 | 4034 | 447 503 | 608.4 | 768.3 | 1003
occupants 0.75 m/s

Time for speed of

0 384.4 | 414.56 473 550 711.6 | 832.1
occupants 1 m/s

Time for speed of 0 354 383.1 | 451.8 | 516.67 | 685.6 759
occupants 1.25 m/s

Time for speed of 0 325 368.3 424 | 49134 | 641 715
occupants 1.5 m/s

Time for speed of 0 | 3047 342 3925 | 450.5 582 | 655.33
occupants 1.75 m/s
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Table 20 — Simulation results in seconds for the third scenario, with elevators disabled
and the second and the third entrances/exits blocked and for the occupants’ speeds from
0.75m/s, 1m/s, 1.25 m/s, 1.5 m/s, and 1.75 m/s
Tabnuya 20 — Pe3yribmambi CUMYTSLUUU, 8bIPaXXeHHbIe 8 CEKyHOax rno mpembsemMy CUeHapuio,
6e3 nnugpma u co 8mopbIM U mpembUM 3abrioKUpPO8aHHbLIMU 8x00aMu/8bixo0amu, yHumbIeast
ckopocmb xunbyos: 0.75 m/c, 1 m/c, 1.25 m/c, 1.5 m/c u 1.75 m/c
Tabena 20 — CumynayuoHu pesynmamu y cekyHOama 3a mpehu cueHapuo, 6e3
nugpmosa u ca Opyaum u mpehum 6rokupaHum ynasuma/diznasuma, u 3a bp3uHe
cmaHapa: 0,75 m/s, 1 m/s, 1,25 m/s, 1,5 m/s u 1,75 m/s

Number of occupants 669 500 400 300 200 100 0

Time for speed of 0 347 390.66 | 449 549 711.71 | 948.2
occupants 0.75 m/s

Time for speed of 0 | 330.34 | 359.67 | 418 | 493.98 658 777
occupants 1 m/s

Time for speed of 0 298 3286 | 3949 | 4615 | 628.8 | 705.29
occupants 1.25 m/s

Time for speed of 0 269.2 | 312.7 | 369.5 436 580.2 661
occupants 1.5 m/s

Time for speed of 0 | 25112 | 289.4 | 339.2 | 394.5 | 529.45 599
occupants 1.75 m/s

Table 21 — Simulation results in seconds for the third scenario, with elevators disabled
and the second and the fourth entrances/exits blocked and for the occupants’ speeds
from 0.75 m/s, 1 m/s, 1.25 m/s, 1.5 m/s, and 1.75 m/s
Tabnuya 21 — Pe3yribmambi CUMYISUUU, 8bIPaXXEHHbIE 8 CEKYHOax o mpembsemMy CUeHapuro,
6e3 nugpma u co 8mopbIM U HemeepmbiM 3abIIOKUpPO8aHHbIMU 8xo0amu/ebixodamu, y4umbieast
ckopocmb xunbyos: 0.75 m/c, 1 m/c, 1.25 m/c, 1.5 m/c u 1.75 m/c
Tabena 21 — CumynayuoHu pe3ynmamu y cekyHOama 3a mpehu cueHapuo, 6e3
nugpmoea u ca dpyaum u Hemespmum br1oKUpaHUM yrasuma/isnasuma, U 3a 6p3uHe
cmanapa: 0,75 m/s, 1 m/s, 1,25 m/s, 1,5 m/s u 1,75 m/s

Number of occupants 669 500 400 300 200 100 0

Time for speed of 0o | 383 | 428 | 487 590 750 | 989
occupants 0.75 m/s

Time for speed of 0 368 396 455 531 695 813
occupants 1 m/s

Time for speed of 0 335.7 364 | 434.29 498 667 742
occupants 1.25 m/s

Time for speed of 0 | 307.56 | 350 407 4742 622 698
occupants 1.5 m/s

Time for speed of 0 287.2 | 326.3 | 376.06 | 432.22 | 566.45 | 636
occupants 1.75 m/s
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Table 22 — Simulation results in seconds for the third scenario, with elevators disabled
and the third and the fourth entrances/exits blocked and for the occupants’ speeds from
0.75m/s, 1m/s, 1.25 m/s, 1.5 m/s, and 1.75 m/s
Tabnuya 22 — Pe3yribmambi CUMYIISILUU, 8bIPaXXEHHbIe 8 CEKyYHOax rno mpembsemMy CUeHapuio,
6e3 nugpma u ¢ mpembum U YemaepmbiM 3abIOKUPOBaHHbIMU 8xo00amu/8bixodamu,
yuumsigasi ckopocma xurnbyos: 0.75 m/c, 1 m/c, 1.25 m/c, 1.5 m/c u 1.75 m/c
Tabena 22 — CumynayuoHu pe3ynmamu y cekyHOama 3a mpehu cueHapuo, 6e3
nugpmosa u ca mpehum u yemepmum 6rioKupaHum ynasuma/iznasuma, u 3a 6p3uHe
cmaHapa: 0,75 m/s, 1 m/s, 1,25 m/s, 1,5 m/s u 1,75 m/s

Number of occupants 669 500 400 300 200 100 0
Time for speed of 0 393.23 438 496.6 599.3 758 995.27
occupants 0.75 m/s

Time for speed of 0 3749 | 405.37 | 463.78 | 541.12 703 822.3
occupants 1 m/s

Time for speed of 0 344 .4 372.3 441 506 674.88 | 750.31
occupants 1.25 m/s

Time for speed of 0 317 358 415 481 631.3 | 707.3

occupants 1.5 m/s

Time for speed of 0 | 2966 | 335 | 3828 | 440 573 | 645.3
occupants 1.75 m/s

Table 23 — Simulation results in seconds for the fourth scenario, with elevators enabled
and the first entrance/exit opened, while the second, the third and the fourth
entrances/exits are blocked, and for the occupants’ speeds from 0.75 m/s, 1 m/s, 1.25
m/s, 1.5 m/s, and 1.75 m/s
Tabnuuya 23 — Pe3ynbmambl cUMynsyuU, 8bipaxeHHble 8 ceKyHdax no 4yemeepmomy
cueHapuro, ¢ niugpmamu u ¢ nepsbiM OMKpPbIMbIM 8X000M/8bIXO00M, 8 MO 8peMs KaK
emopot, mpemud u yemeepmaili 8x00bi/8b1Xx00bI 3ab510KUPO8aHbI, y4Uumbigasi CKOpoCcMmb
xunbyos: 0.75 m/c, 1 m/c, 1.25 m/c, 1.5 m/c u 1.75 m/c
Tabena 23 — CumynayuoHu pe3ysimamu y cekyH0ama 3a Yemepmu cuyeHapuo, ca
nugbmosuMa U ca npeuM omeopeHUM yrna3omAiznasom, ok cy dpyeu, mpehu u
yemepmu yna3su/3snasu brokupaHu, u 3a bpauHe cmaxapa: 0,75 m/s, 1 m/s, 1,25 m/s,
1,5m/su 1,75 m/s

Number of occupants 669 500 400 300 200 100 0

Time for speed of 0 | 4436 | 6783 | 9159 | 1150.7 | 1388.3 | 1623
occupants 0.75 m/s

Time for speed of

0 322 496.5 672 846.3 | 1021.8 | 1198.3
occupants 1 m/s

Time for speed of

occupants 1.25 m/s 0 310 470 620 780 834 992

Time for speed of 0 304 | 4326 594 700 800 900
occupants 1.5 m/s

Time for speed of 0 274 373.4 | 4749 | 5855 689 794
occupants 1.75 m/s
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Table 24 — Simulation results in seconds for the fourth scenario, with elevators enabled
and the second entrance/exit opened, while the first, the third and the fourth
entrances/exits are blocked, and for the occupants’ speeds from 0.75 m/s, 1 m/s, 1.25
m/s, 1.5 m/s, and 1.75 m/s
Tabrnuya 24 — Pe3ynbmambl CUMYISUUU, 8bIPaXEHHbIEe 8 CeKyHOAax o yemeepmomy
cueHaputro, ¢ iuchmamu U co 8mopbiM OMKPbIMbIM 8X000M/8bIXOO0M 8 MO 8PEMST KaK
nepebil, mpemut u yemeepmabili 8xX00bl/8bix00bI 3ab51I0KUPOBaHbI, yHUMbI8asi CKOPOCMb
xunbuyos: 0.75 m/c, 1 m/c, 1.25 m/c, 1.5 m/c u 1.75 m/c
Tabena 24 — CumynayuoHu pesynmamu y cekyHO0ama 3a Yemepmu cuyeHapuo, ca
nugbmosuma u ca OpyauMm 0meopeHuUM yra3omAisnasom, QoK cy npsu, mpehu u
yemepmu yna3su/iznasu briokupaHu, u 3a bpauHe cmaxapa: 0,75 m/s, 1 m/s, 1,25 m/s,
1,5m/su 1,75 m/s

Number of occupants 669 500 400 300 200 100 0
Time for speed of 0 | 4832 | 7188 | 949.6 | 1183 | 1414.3 | 16465
occupants 0.75 m/s

Time for speed of o | 335 | 515 | 694 | 869 | 10446 | 1220.3
occupants 1 m/s

Time for speed of 0 | 286 | 426.4 | 566.8 | 707.8 | 849.1 | 988.6
occupants 1.25 m/s

Time for speed of 0 | 263 | 4045 | 5316 | 651.7 | 7726 | 890.3
occupants 1.5 m/s

Time for speed of 0 | 2423 | 3552 | 4632 | 569.8 | 6757 | 780.2
occupants 1.75 m/s

Table 25 — Simulation results in seconds for the fourth scenario, with elevators enabled
and the third entrance/exit opened, while the first, the second and the fourth
entrances/exits are blocked, and for the occupants’ speeds from 0.75 m/s, 1 m/s, 1.25
m/s, 1.5 m/s, and 1.75 m/s
Tabnuua 25 — Pe3ynbmambl CUMyISIUUU, 8bIPaXXeHHbIE 8 CeKyHAax o 4emeepmomy
cueHaputro, ¢ iugpmamu U ¢ mpembUM OMKPbIMbIM 8X000M/8bIXOO0M, 8 MO 8PEMST KaK
nepsabIll, 8mopol u Yyemeepmbili 8x00bI/8b1X00bI 3ab/10KUPO8aHhbI, y4UMmbi8asi CKOPOCMb
xunbyos: 0.75 m/c, 1 m/c, 1.25 m/c, 1.5 m/c u 1.75 m/c
Tabena 25 — CumynayuoHu pesynmamu y cekyHdama 3a yemapmu cyeHapuo, ca
nugpmosuma u ca mpehum omeopeHUM yra3om/i3na3om, OOK cy rnpsu, dpyau u
yemepmu yna3u/i3nasu 6rnokupaHu, u 3a 6p3uHe cmaHapa: 0,75 m/s, 1 m/s, 1,25 m/s,
1,5m/su 1,75 m/s

Number of occupants 669 500 400 300 200 100 0

Time for speed of 0

443.7 680 917.6 | 1152.5 | 1390.2 | 1623.6
occupants 0.75 m/s

Time for speed of 0 | 3366 | 510 | 686 | 8616 | 10365 | 1204.7
occupants 1 m/s

Time for speed of 0

264.8 400 540.8 681.4 823.4 962.8
occupants 1.25 m/s

Time for speed of

0 2474 | 3875 | 519.6 | 6414 763.7 884.5
occupants 1.5 m/s

Time for speed of 0 | 2413 | 3517 | 460 | 565.3 | 669.6 800
occupants 1.75 m/s

166




Table 26 — Simulation results in seconds for the fourth scenario, with elevators enabled
and the fourth entrance/exit opened, while the first, the second and the third
entrances/exits are blocked, and for the occupants’ speeds from 0.75 m/s, 1 m/s, 1.25
m/s, 1.5 m/s, and 1.75 m/s
Tabrnuya 26 — Pe3ynbmambl CUMYSUUU, 8bIPaXEHHbIe 8 CeKyHOAax o yemeepmomy
cyeHapuro, ¢ nugpmamu U ¢ 4emeepmbIM OMKPbLIMbIM 8X000M/8bIXOO0M, 8 MO 8PEMST KaK
nepebitl, emopoli u mpemut 8xo0bl/8bix00bl 3ab/I0KUPO8aHbI, y4UMbI8asi CKOPOCMb
xunbuyos: 0.75 m/c, 1 m/c, 1.25 m/c, 1.5 m/c u 1.75 m/c
Tabena 26 — CumynayuoHu pesynmamu y cekyHO0ama 3a Yemepmu cuyeHapuo, ca
Jiugbmosuma u ca YemepmMuM OMEOPEeHUM yria3om/Aizna3om, OOK Cy npeu, dpyau u
mpehu ynasu/uiznasu 6rokupaHu, u 3a 6psuHe cmaHapa: 0,756 m/s, 1 m/s, 1,25 m/s, 1,5
m/su 1,75 m/s

Number of occupants 669 500 400 300 200 100 0
Time for speed of 0o | 446 | 677 | 910 | 1145 | 1376.9 | 16036
occupants 0.75 m/s

Time for speed of 0 332 509.6 709 857.6 | 1032.1 1206
occupants 1 m/s

Time for speed of 0 320 487 683 832 992 1132
occupants 1.25 m/s

Time for speed of 0 302 457 588.4 | 7145 | 836.6 953.7
occupants 1.5 m/s

Time for speed of 0 | 2954 | 406.7 | 539.5 | 6486 | 754.7 860

occupants 1.75 m/s

Table 27 — Simulation results in seconds for the fourth scenario, with elevators disabled
and the first entrance/exit opened, while the second, the third and the fourth
entrances/exits are blocked, and for the occupants’ speeds from 0.75 m/s, 1 m/s, 1.25
m/s, 1.5 m/s, and 1.75 m/s
Tabnuua 27 — Pe3ynbmambl CUMYISIUUU, 8bIPaXXeHHbIE 8 CeKyHAax o 4emeepmomy
cueHapuro, 6e3 nugma u ¢ rnepsebiM OMKPbIMbIM 8X000M/8bIX000M, 8 MO 8pPeEMS KaK
emopot, mpemud u yemeepmnil 8x00bl/8b1X00bI 3ab/10KUPOB8aHbI, y4UMbI8asi CKOPOCMb
xunbyos: 0.75 m/c, 1 m/c, 1.25 m/c, 1.5 m/c u 1.75 m/c
Tabena 27 — CumynayuoHu pesynmamu y cekyHOama 3a yemspmu cuyeHapuo, 6e3
nugpmosa u ca npeuM 0mMeEopPeHUM yna3om/iznasom, 00K cy Opyau, mpehu u yemepmu
ynasu/i3na3u 6rokupaHu, u 3a 6psuHe cmaHapa: 0,75 m/s, 1 m/s, 1,25 m/s, 1,5 m/s u
1,75 m/s

Number of occupants 669 500 400 300 200 100 0

Time for speed of 0 | 5503 | 787 | 1021.9 | 1257.4 | 14935 | 1729.3
occupants 0.75 m/s

Time for speed of

0 428 602 778.5 953 1126.9 1302
occupants 1 m/s

Time for speed of

0 416.1 576 | 726.54 | 885.3 940 1099.3
occupants 1.25 m/s

Time for speed of

0 410.32 | 538 701.5 806.4 906.2 1006
occupants 1.5 m/s

Time for speed of 0 | 3805 | 480 | 580.9 | 6934 | 795 | 900.02
occupants 1.75 m/s
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Table 28 — Simulation results in seconds for the fourth scenario, with elevators disabled
and the second entrance/exit opened, while the first, the third and the fourth
entrances/exits are blocked, and for the occupants’ speeds from 0.75 m/s, 1 m/s, 1.25
m/s, 1.5 m/s, and 1.75 m/s
Tabrnuya 28 — Pe3ynbmambl CUMYSUUU, 8bIPaXEHHbIe 8 CeKyHOAax o yemeepmomy
cyeHapuro, 6e3 fiugpma u co 8mMopPbIM OMKPbLIMbIM 8X000M/8bIXO00M, 8 MO 8PEMST KaK
nepebil, mpemut u yemeepmaili 8X00bl/8bix00bI 3ab51I0KUPOBaHbI, yHUMbI8asi CKOPOCMb
xunbuyos: 0.75 m/c, 1 m/c, 1.25 m/c, 1.5 m/c u 1.75 m/c
Tabena 28 — CumynayuoHu pesynmamu u cekyH0ama 3a Yemepmu cueHapuo, 6e3
nugbmoesa u ca OpyaumM OmeopeHUM yra3om/iznasom, Aok cy npsu, mpehu u yemepmu
ynasu/snasu brokupaHu, u 3a bpauHe cmaxapa: 0,75 m/s, 1 m/s, 1,25 m/s, 1,5 m/s u

1,75 m/s
Number of occupants 669 500 400 300 200 100 0
Time for speed of 0 | 547 781 | 1019.9 | 1255 | 1493 | 1727
occupants 0.75 m/s
Time for speed of 0 | 4262 | 600 776 951 | 1126 | 1303.5
occupants 1 m/s
Time for speed of 0 | 41334 | 5747 | 7234 | 882.4 | 938.4 | 1096.71
occupants 1.25 m/s
Time for speed of 0 408 | 539.17 | 699.8 | 804 904 | 1003.4
occupants 1.5 m/s
Time for speed of 0 378 | 476.6 579 890 793 898

occupants 1.75 m/s

Table 29 — Simulation results in seconds for the fourth scenario, with elevators disabled
and the third entrance/exit opened, while the first, the second and the fourth
entrances/exits are blocked, and for the occupants’ speeds from 0.75 m/s, 1 m/s, 1.25
m/s, 1.5 m/s, and 1.75 m/s
Tabnuua 29 — Pe3ynbmambl cCUMyisiUuu, 8blPaXxeHHbIe 8 CeKyHdax ro 4emeepmomy
cueHaputro, b6e3 nugma u ¢ mpembUM OMKPbIMbIM 8XO00M/8bIXO00M, 8 MO 8PEMS Kak
nepsabIli, 8mopol u Yyemeepmbili 8x00bI/8b1X00bI 3ab/10KUPO8aHhbI, y4UMmbi8asi CKOPOCMb
xunbyos: 0.75 m/c, 1 m/c, 1.25 m/c, 1.5 m/c u 1.75 m/c
Tabena 29 — CumynayuoHu pesynmamu y cekyHOama 3a yemspmu cuyeHapuo, 6e3
nugpmosa u ca mpehum omeopeHuMm yna3om/izna3om, 00K cy npsu, Opyau u yemepmu
ynasu/i3na3u 6nokupaHu, u 3a 6psuHe cmaHapa: 0,75 m/s, 1 m/s, 1,25 m/s, 1,5 m/s u

1,75 m/s
Number of occupants | 669 500 400 300 200 100 0

Time for speed of

occupants 0.75 m/s 0 545.02 781.4 1018.6 1254 1492 1725
Time for speed of

occupants 1 m/s 0 438 612.11 787 963.9 1137 1305
Time for speed of

occupants 1.25 m/s 0 365.16 | 500.31 | 643.2 787 925 1064.8
Time for speed of

occupants 1.5 m/s 0 349 489 621.7 743 867.5 986
Time for speed of

occupants 1.75 m/s 0 343.6 453 561 667.8 771 902.3
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Table 30 — Simulation results in seconds for the fourth scenario, with elevators disabled
and the fourth entrance/exit opened, while the first, the second and the third
entrances/exits are blocked, and for the occupants’ speeds from 0.75 m/s, 1 m/s, 1.25
m/s, 1.5 m/s, and 1.75 m/s
Tabnuya 30 — Pe3ynbmambl CUMYSUUU, 8bIpaXeHHbIe 8 CeKyHOAax o yemeepmomy
cuyeHapuro, b6e3 nugma u ¢ HemasepmbiM OMKPbIMbIM 8X000M/8bIXO00M, 8 MO 8PEMS KaK
nepebitl, emopoli u mpemut 8xo0bl/8bix00bl 3ab/I0KUPO8aHbI, y4UMbI8asi CKOPOCMb
xunbuyos: 0.75 m/c, 1 m/c, 1.25 m/c, 1.5 m/c u 1.75 m/c
Tabena 30 — CumynayuoHu pesynmamu y ceKyHOoama 3a Yemepmu cueHapuo, 6e3
niughmosa u ca 4emepmuM OMBOPEeHUM yria3om/Ai3ria3om, OOK Cy rpsu, Opyau u mpehu
ynasu/iznasu brokupaHu, u 3a bpauHe cmaxapa: 0,75 m/s, 1 m/s, 1,25 m/s, 1,5 m/s u

1,75 m/s
Number of occupants 669 500 400 300 200 100 0
Time for speed of 0 | 5436 | 776.7 | 1009 | 1243 | 1476 | 1702
occupants 0.75 m/s
Time for speed of 0 | 43131 | 608.29 | 808.3 | 955 1130 | 1306.8
occupants 1 m/s
Time for speed of 0 | 41723 | 5876 | 782 931 1091 | 1231.4
occupants 1.25 m/s
Time for speed of 0 | 4015 | 5569 | 688 | 811.3 | 936.24 | 1053
occupants 1.5 m/s
Time for speed of 0 394 | 504.75 | 636.18 | 746 | 850.53 | 959
occupants 1.75 m/s

Results analysis

The realized simulation results for the first scenario (Tables 1 and 2)
have shown that the elevators usage increases the evacuation of the
complete object. The fastest evacuation time was for the occupants’
speed of 1.75 m/s and the elevators enabled (209 seconds, in Table 1),
while the slowest evacuation time was for the occupants’ speed of 0.75
m/s and the elevators disabled (442 seconds, in Table 2). In this
scenario, the occupants left the building via their own entrance/exit.
There were no jams for simulated occupants’ speeds.

The realized simulation results for the second scenario (Tables from
3 to 10) have shown that the fastest evacuation time was realized when
the occupants’ speed was 1.75 m/s, the second entrance/exit blocked
and the elevators enabled (422 seconds, in Table 4). The slowest
evacuation time was realized when the occupants’ speed was 0.75 m/s,
the fourth entrance/exit blocked and the elevators disabled (893 seconds,
in Table 10). In this scenario, the occupants from the building with the
blocked entrance/exit had to use the building roof terraces to reach the
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nearest stairs that lead to the open entrance/exit. There were no jams for
the simulated occupants’ speeds. Some simulation scenes from the
second scenario are presented in Figure 3 (a and b).

a) b)

Figure 3. Simulation scene for the second scenario where the first entrance/exit was
blocked and the elevators were enabled and for the occupants’ speeds of 1 m/s (a) and
the simulation scene for the second scenario where the fourth entrance/exit was blocked

and the elevators were disabled and for the occupants’ speeds of 0.75 m/s (b)

Puc. 3 — ViMumayuoHHbIe CuyeHbl Mo 8MOPOMY CUEHapUIo, 8 KOMOPOM NepsbIl
8x00/8bIx00 3abrioKuUposaH U ecmb JIUGhmbl, y4umsieasi cKopocms xunbyos: 0.75 m/c, 1
m/c, 1.25 m/c, 1.5 m/c u 1.75 m/c (a), u umumayuoOHHbIE CUEHbI MO 8MOPOMY CUEHapUIo, 8
Komopom Yyemeepmbili 8x00/8bix00 3abrioKUpo8aH U Hem fugpma, y4umsbieasi CKopocmb

xunbyos: 0.75 m/c, 1 m/c, 1.25 m/c, 1.5 m/c u 1.75 m/c (6)

Cnuka 3 — CumynayuoHe cuyeHe u3 dpyeoe cueHapuja 20e je npsu ynas/3zna3 61okupaH
u ca nugpmosuma u 3a bp3uHe cmarapa: 0,75 m/s, 1 m/s, 1,25 m/s, 1,5 m/s u 1,75 m/s
(a), u cumynayuoHe cuyeHe u3 Opyzoe cuyeHapuja 2de je yemspmu yna3/u3na3 61okupaH
u 6e3 nugpmosa, u 3a 6p3uHe cmaHapa: 0,75 m/s, 1 m/s, 1,25 m/s, 1,5 m/s u 1,75 m/s (6)

The realized simulation results for the third scenario (Tables from 11
to 22) have shown that the fastest evacuation time was realized when the
occupants’ speed was 1.75 m/s, the second and the third entrances/exits
blocked and the elevators enabled (550 seconds, in Table 14). The
slowest evacuation time was realized when the occupants’ speed was
0.75 m/s, with the first and the fourth entrances/exits blocked and the
elevators disabled (1003 seconds, in Table 19). In this scenario, the
occupants from the buildings with the blocked entrances/exits had to use
the building roof terraces to reach the nearest stairs that lead to the open
entrance/exit. The simulations showed that jams can occur, mostly for
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the occupants’ speed of 0.75 m/s and 1.25 m/s. Some simulation scenes
from the third scenario are presented in Figure 4 (a and b).

Figure 4 — Simulation scene for the third scenario where the first and the second
entrances/exits were blocked and the elevators were enabled and for the occupants’
speeds of 1.25 m/s (a) and a simulation scene for the third scenario where the third and
the fourth entrances/exits were blocked and the elevators were disabled and for the
occupants’ speeds of 1.5 m/s (b)

Puc. 4 — UmumayuoHHbIe cueHbl o mpembeMy cueHaputo, 8 KOmopom nepebill u
8mopoli 8x00bl/8bix00bl 3abrIOKUpO8aHbl U eCmb flU¢hmebl, y4UMmbigasi CKopocmb
xunbyos: 0.75 m/c, 1 m/c, 1.25 m/c, 1.5 m/c u 1.75 M/c (a) u umumayuoHHbIe CUEHbI M0
mpembeMy cueHapuro, 8 KOmopoM mpemul u 4emeepmabil 8X00bl/8biIX00bI
3abriokuposaHbl U Hem nughma, y4umelgas ckopocmsb xunbyos: 0.75 m/c, 1 m/c, 1.25
m/c, 1.5m/cu 1.75 m/c (6)

Cnuka 4 — CumynayuoHe cuyeHe u3z mpehee cueHapuja 20e cy npsu u Opyau
ynasu/usnasu 6rokupaHu u ca nugpmosuma u 3a 6p3uHe cmarapa: 0,75 m/s, 1 m/s, 1,25
m/s, 1,6 m/s u 1,75 m/s (a), u cumynayuoHe cueHe u3 mpehea cueHapuja, 20e cy mpehu
u Yyemspmu ynasu/iznasu 6rokupaHu u 6e3 nugpmosa, u 3a 6p3uHe cmarapa: 0,75 m/s,

1m/s, 1,26 m/s, 1,5 m/s u 1,75 m/s (6)

The realized simulation results for the fourth scenario (Tables from
23 to 30) have shown that the fastest evacuation time was realized when
the occupants’ speed was 1.75 m/s, the first entrance/exit opened and
the second, the third and the fourth entrances/exits blocked and the
elevators enabled (794 seconds, in Table 23). The slowest evacuation
time was realized when the occupants’ speed was 0.75 m/s; with the first
entrance/exit opened, and with the second, the third and the fourth
entrances/exits blocked and the elevators disabled (1729.3 seconds, in
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Table 27). In this scenario, the occupants with the blocked
entrances/exits had to use the building roof terraces to reach the nearest
stairs that lead to the single open entrance/exit. The simulations showed
that jams can occur, mostly for the occupants’ speed of 0.75 m/s. The
simulations showed that jams in this scenario can occur and that these
jams can be significant, for every occupants’ speed from 0.75 m/s to 1.75
m/s. Some simulation scenes from the fourth scenario are presented in
Figure 5 (a and b).

a) b)

Figure 5 — Simulation scene for the fourth scenario where the fourth entrance/exit was
opened while other entrances/exits were blocked, the elevators enabled and for the
occupants’ speeds of 0.756 m/s (a) and a simulation scene for the fourth scenario where
the second entrance/exit was opened while other entrances/exits were blocked, the
elevators disabled and for the occupants’ speeds of 1.75 m/s (b)

Puc. 5 — iMumauuoHHbIie cueHbl Mo 4emeepmomy CUeHapuro, 8 KOmopom yemeepmell
8x00/8bIX00 OMKPbLIM, @ 0cMaribHble 8X00bl/8bIX00bl 3ab/I0KUPO8aHbI U €Cmb 1UGME,
yyumsigasi ckopocmb xunbyos: 0.75 m/c, 1 m/c, 1.25 m/c, 1.5 m/c u 1.75 m/c (a) u
uMUMayUOHHbIe CUEHbI 8x00bl/8bIx00bI 3abI0KUpOBaHb! U Hem fiughma, y4umeieas
ckopocmsb xunbyos: 0.75 m/c, 1 m/c, 1.25 m/c, 1.5 m/c u 1.75 m/c (6)

Crniuka 5 — CumynayuoHe cuyeHe u3 4emepmoe cuyeHapuja 0e je yemepmu yna3/sna3s
omeopeH, 00K cy ocmanu ynasu/diznasu bsokupaHu, ca iugpmosuma u 3a 6p3uHe
cmanapa: 0,75 m/s, 1 m/s, 1,25 m/s, 1,6 m/s u 1,75 m/s (a), u cumynayuoHu
ynasu/isnasu bnokupaHu, 6e3 nugpmosa, u 3a 6psuHe cmanHapa: 0,75 m/s, 1 m/s, 1,25
m/s, 1,5 m/su 1,75 m/s (6)

The realized simulations have shown that times needed for an
evacuation increased depending on the number of blocked
entrances/exits and on whether the elevators were used or not. In reality,
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many of potential evacuation situations imply that elevators are not used
and that was the main reason why every of four scenarios was analysed
with enabled and disabled elevators. The factors that are important for
elevators usage are, most frequently, the floor level where occupants are
located and the acceptable waiting time. Experience and research have
shown that higher locations in residential buildings are more likely to
imply elevator usage than usage of ordinary or emergency stairs. It is
also important to note that the acceptable waiting time increases
according to the height of the floor level (Kinateder et al, 2014).

One very important factor that has a great influence on the
evacuation time is panic. Panic causes fearful and chaotic behaviour
which is, most frequently, demonstrated with an increase of speed of
occupants. This speed increment results in crowds and jams that can be
very unpredictable and very hard to solve. It means that the evacuation
time can be significantly extended, which the simulation results proved.

It is also important to note that, in reality, every occupant has his/her
own speed, while in the simulation all occupants had the same speed.
Also, in reality, occupants’ personal characteristics are very different and
can affect the overall evacuation time and cause problems in the crowd
(Kady & Davis, 2009), (Jevti¢, 2019b).

Disccussion

The usage of simulation software for simulating the evacuation in
high-rise buildings is becoming more frequent and more extensive. The
main reasons for that are: increase of safety in order to protect as many
human lives as possible; increasingly frequent construction of high-rise
buildings with a huge number of occupants; prediction and determination
of optimal evacuation routes; prediction of potential occupants’
behaviors, etc.

There are many residential buildings with and without emergency
stairs. Very often, emergency stairs in residential buildings can be
useless because of many reasons (fire, earthquake, smoke, jams, etc.)
so that the only way to the exit is via ordinary stairs and elevators. As it
has been noted before, the usage of elevators in many crises that need
evacuation, such as fires or earthquakes, is not recommended. It does
not mean that elevators should not be used at all but that there is a
significant risk if they are used. This is a very important reason why
evacuation simulations should be considered for cases with and without
elevators usage. In some situations that can occur in high residential
buildings or other objects with a significant presence of immobile

173

Jevti¢, R., Safety in residential buildings - evacuation from residential buildings without fire escape stairs, pp.148-178



’E‘ VOJNOTEHNICKI GLASNIK / MILITARY TECHNICAL COURIER, 2021, Vol. 69, Issue 1

persons, it is almost impossible to realize evacuation without elevators
usage. The obtained results confirmed that the evacuation times were
shorter in the cases where the elevators were enabled.

One very important factor in every evacuation is a so-called ,human
factor”. This factor presents a very complex factor in sense of prediction
and calculation. For example, people will not behave in the same way
individually and in a group. During evacuation, parents will always tend to
run towards their children which can significantly complicate the
evacuation. Frequently, occupants in high residential buildings in disaster
cases show apathetic behavior and non-acceptance of obvious facts.
Taking ino account many important factors related to occupants in
simulations (occupants physical dimensions, occupants’ reduction factor,
occupant comfort distance, occupants slow factor, speed, and many
others) presents a very important task that demands knowledge from
different sciences and disciplines.

The obtained simulation results were in the range of the obtained
simulation results in similar cases. It is a very good and accurate way to
compare the obtained simulation results with calculated results and
experimental results, since it is not always possible to carry out such
experiments in reality (Ding et al, 2017), (Poon, 1994), (Kasereka et al,
2018), (Rozo et al, 2019), (Xing & Tang, 2012).

Conclusion

The results obtained in this paper have shown the maximum
evacuation times in a building without emergency stairs with and without
elevators usage. In reality, it is unlikely that, for example, all three
entrances/exits are blocked, maybe only in case of a huge fire or a huge
earthquake. However, it is very important to predict as many evacuation
scenarios as possible and calculate adequate evacuation times.

Calculation of evacuation time and prediction of the best evacuation
route presents a very complex and responsible task. Very often, it is
almost impossible to predict every potential situation than can occur
during evacuation. Because of that reason, usage of simulation software
presents a very good, effective, cheap, and safe way for predicting
potential evacuation situations in many different objects, which gives this
topic great importance and motivation in order to save human lives and
material properties. The main contributions of this paper are in its
potential to determine optimal evacuation routes and calculate
evacuation times in high buildings with or without emergency stairs,
taking into consideration the influence of many different mentioned
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factors that can affect the evacuation progress and complete the
evacuation epilogue.

Future investigations will relate to a simulation of evacuation with the
presence of immobile persons of varying degrees of immobility, a
simulation of evacuation via spiral staircases, a simulation of evacuation
under different conditions, etc.

The usage of simulation software for the prediction and calculation
of optimal evacuation routes can significantly improve the procedures
and strategies of evacuation from some specific objects such as
residential buildings.
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MNMOXAPHAA BE3OTNACHOCTbL >KWMbIX 3OAHUN - IBAKYALINA
N3 XKUNbIX 30AHUN BE3 MOXXAPHOW NIECTHULbI

Padoe b. EBTUY

OnekTpoTexHn4Yeckmn TexHnkym «Hukona Tecnay,
r. Hnw, Pecnybnuka Cepbus

PYBPUKA M'PHTU: 67.00.00 CTPOUTENBCTBO. APXUTEKTYPA:
67.53.33 MNpoTmBonoxapHasa 3almrta 3gaHum
COOPY>XeHUM
BWO CTATbW: opurmHanbHasa HayyHas ctaTbs

Pe3some:

BeedeHue/uenb: be3onacHoCmMb 8 B8bICOMHbLIX XXUMbIX 30aHUsIX
sensiemcsi o4eHb 8aXXKHOU U eceala akmyarbHou 3adadel. B criydae
B03HUKHOBEHUSI  HernpedsudeHHbIX U OMacHbIX npoucwecmsud,
Kumnbyos Heobxodumo asakyuposams. [loxapbl, 3eMiempsceHus u
meppopusM — uWb HeKkomopbie u3 makux cumyayul. Ckopocmb
9gaKyayuu U3 8bICOMHbIX Xubix 30aHuUll 3asucum Om MHoXecmea
pasnuyHbIX chakmopos. JsaKyayusi 80 MHO20M YCIIOXHSemcsi, ecru 8
30aHuUsIX Hem ro)apHbiX 1eCMHUL,

Memodbi: B 0aHHOU cmambe rnpuMeHsificss Memod MOJesIUupO8aHUs.
Ha ocHose peanbHO20 obbekma — Xusno20 30aHusi 6bina co3daHa
coomeemcmeyowiasi  UMUumayuoHHasi  Molesib C  [TIOMOWbIO
coomeemcmeyrowiel UMUmayuoHHOU rMpoepamMmaI.

Pesynbmamel: Pe3ynbmambi uccriedosaHusi riokasasnau, 4mo us3
yembipex cuyeHapues Hauboriee Obicmpasi 3eakyauyus ©Obiia npu
ckopocmu xunbyos 1,75 m / ¢c. B nepebix 08yx cuyeHapusix He bbiiio
8bISIB/IEHO HU O00HO20 3amopa, 8 omiu4yue Oom mpembe20 U
4emeepmoz0 cueHapues; 8 mpembeM CUeHapuu CKOpOoCMuU XusbUyoe
cocmasnsanu 0,75 m / ¢ u 1,25 m / ¢, a 8 yemeepmom cueHapuu
cmodenuposaHHbie cKopocmu Xunbyoe cocmasnsnu om 0,75 m/ ¢ 8o
1,75m/c.

Bbigo0hbi: lMpumeHeHue coomeemcmeyruie2o rpoepamMMHO20
obecrieyeHusi 0Orns  MoOernupoeaHuUsi o38osisiem  Obicmpo, MOYHO,
b6e3onacHo U Oeweso paccHumamb 6peMsl 38aKyauuu U MoXem
3HaYuUMeribHO YIy4duwumb MPOUECC U Cmpameauto 38aKyayuu.

Knouesnle crniosa: agakyayusi, 30aHue, modu, modesnuposaHue.

BE3BEAHOCT Y CTAMBEHUM 3IrPAOAMA — EBAKYALINJA
CTAMBEHE 3IrPAE BE3 NMOXAPHNX CTEMEHNLIA

Padoje b. JeBTuh
EnektpoTexHnyka wkona ,Hukona Tecna”, Huw, Penybnuka Cpbuja

OBNACT: 3awTnTa og noxapa
BPCTA UJIAHKA: opyruHanHu Hay4Hu pag
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Caxemak:

Yeodurb: besbedHocm y aucokum cmambeHuM 3epadama rnpedcmasrba
8eoma saxkaH 3adamak. Y criyyajy Heke HerpedsufeHe u onacHe rojase,
cmaHapu mux 3epada Mopajy bumu esakyucaHu. loxap, 3emrbompec u
mepopucmu4Ke akyuje camo Cy Heke 00 makeux cumyauyuja. bp3uHa
esaKyauuje u3 sucoke cmambeHe 32pade 3asucu 00 MHO20 PasfIUYUMuUX
ghakmopa. 3adamak eeakyauuje je rMocebHO mexxak U KOMIIUKO8aH
YKOIMUKO 32pada Hema roxxapHe crmerneHuue.

Memode: Y osom pady kopuwheHa je Mmemoda moderiogar-a. Ha ocHogy
pearsnHoe objekma — cmambeHe 32pade, pearnusosaH je olzosapajyhu
cumyrnauuoHu moden y odzoeapajyhem cumynayloHoM cogpmeepy.

Pesynmamu: Pesynmamu oeoe pada rokaszanu cy 0a je Hajbpxa
esaKyayuja ocmeapeHa 3a ceaku 00 Yemupu cueHapuja npu 6p3uHU
cmaHapa 00 1,75 m/s, ¢ mum Oa 3a npsa 0sa cueHapuja HUCYy
3aberiexkeHuU 3acmoju, anu cy 3a mpehu u Yyemepmu cuyeHapuo 3acmoju
yoyeHu.Haume, y mpehem cuyeHapujy do 3acmoja je dowrno rpu 6p3uHU
cmanapa 00 0,75 m/s u 1,25 m/s, a y yemepmom cueHapujy 3a cee
cumyrnupaHe bp3uHe cmaxapa 00 0,75 m/s 8o 1,75 m/s.

Sakrbyyak: Ynompeba odeoeapajyhes cumynauyuoHoe cogpmeepa

omoeyhaea 6p3o, npeyusHo, 6e36e0HO U jechmuHO u3pavyHasaH-e
€e8aKyaUUOHUX epeMeHa U MOXe 3HamHO roborbwamu esaKyalyuoHe

npouedype u esakyayuoHy cmpameaujy.
KrbyuHe pedu: egakyayuja, 3epada, cmaHapu, cuMmynayuja.
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