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Abstract. The article considers the actual problems of compliance with the 

conditions of timely and unimpeded evacuation of people from high-rise 

buildings, arising from the analysis of volume-planning solutions of objects 

and design directions, as well as by analyzing the regulatory documentation 

in the field of safety of people in case of fire. The problem of evacuation of 

people from a high-rise building is solved by developing an algorithm for 

phased evacuation of people from the floors. When developing the 

algorithm, the maximum number of people on the floors is determined to 

determine the calculation blocks that allow their simultaneous evacuation 

without crush in the stairwell, the distance between the calculation blocks of 

evacuated floors of the building and the time of signaling to the beginning 

of the movement of human flows for the floors included in the calculation 

block. 

1 Introduction 

Design solutions of high-rise buildings should provide for the possibility of full or partial, 

simultaneous or staged evacuation of people from the building in case of an emergency (not 

only fire). The organization of evacuation should ensure the shortest possible time and 

unimpeded movement of the resulting human flows to safety zones located inside the 

building or on the territory adjacent to the building. It is necessary to take into account the 

possible age composition and physical condition of evacuees, which will affect the probable 

indicators of their mobility, determining the probability density distribution of their values. 

The probability of exposure (Qv) of the hazardous factors of the emergency processes, 

taking into account that the emergency has already occurred, should be determined by the 

formula Qv =(1 - Pevac ) * (1 - Pspz ), where Pevac is the probability of evacuation along the 

envisioned routes, Pspz - probability of effective operation of technical systems of protection 

against hazardous factors. 

The structure and dimensions of evacuation routes and exits shall ensure unimpeded and 

timely, full or partial, simultaneous or staged, pedestrian and elevator-assisted, depending on 

the type of emergency, evacuation of people from any part of the high-rise building regardless 

of their age and physical condition [1-7]. 

Timeliness of evacuation of people must be ensured provided that at each section (i) of 

the evacuation route the probability (Pevac) of the maximum value of the evacuation time 

____________________ 
* Corresponding author: parf01@inbox.ru 

E3S Web of Conferences 549, 06014 (2024)

TransSiberia 2024
https://doi.org/10.1051/e3sconf/202454906014

  © The Authors,  published  by EDP Sciences.  This  is  an  open  access  article  distributed  under  the  terms  of the Creative
Commons Attribution License 4.0 (https://creativecommons.org/licenses/by/4.0/). 

RETRACTED



(tevac,i ) of the last person (from the section) is higher than the probability of the minimum 

calculated value of the necessary time (tnb, i ) of evacuation of people from this section. 
P (max tevac,i) > P (min tnb, i), 

where tnb, i is the estimated value of the minimum time required for evacuation of people 

from the i-th site until the maximum permissible levels of exposure of people to the hazardous 

factors of the emergency are reached there, determined by the dynamics of their spread under 

different variants of functioning of protection systems; 

tevac,i = tn.e. + Σ tr, i - estimated value of evacuation time from the i-th section of the last of 

the people passing through it; 

tn.e.  - the time interval from the occurrence of an emergency to the beginning of 

evacuation of people is determined by the psychophysiology of people's behavior when 

receiving information about an emergency, 

Σ tr, i - estimated value of the maximum time of exit from the i-th section of the closing 

part of the human flow formed on it, defined as the sum of the time of movement of people 

along it and the preceding sections, taking into account the reformation of parts of the flow 

at consecutive moments of time At from the moment of evacuation start. 

Providing a comfortable level of people's stay in high-rise buildings is the main task in 

the design of such objects (Fig. 1).  

At the same time, the working space for people, ensuring the normal functioning of the 

facility, including passages between equipment, furniture, in the corridor should take into 

account the characteristics of people belonging to low mobility groups. Communication 

paths, designed to carry out the main functional process of the object in the event of fire, is 

an evacuation path, along which human flows must leave the combustion zone before the 

onset of fire limits, dangerous to life. The most problematic part of the movement of people 

during evacuation is the stairwell. A large number of people on the floors, during 

simultaneous evacuation, strive to leave the floor and exit the building as quickly as possible. 

Due to the simultaneous evacuation of the building, the flows of people in the stairwells 

merge, which leads to a crush with tragic consequences. 

 

 

 

 

 

 

 

 

 

 

 

 

  

Fig. 1. Example of a high-rise building Moscow City Business Center 

Several options are available to solve the problem of evacuating people from high-rise 

buildings: 

1. Limit the number of people per floor to ensure unobstructed evacuation of 

stairwells. At the project stage, the required number and size of stairwells shall be provided 

on the basis of stairway capacity calculations. 

2. Develop an algorithm of post-zoning notification of people to avoid merging in 
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stairwells and crush formation. 

3. The use of the first two options, from the point of view of economic efficiency, 

is unreasonable. The only effective solution is the third option using elevators. 

2 Materials and methods 

A multifunctional complex was chosen as the object of the study on site No. 13 of Moscow-

City MIBC, located in Moscow, Krasnopresnenskaya Embankment. The complex consists 

of 60 floors. The calculated scheme of evacuation of human flows for a typical floor is shown 

in Fig. 2. The total number of people on the floor was taken as 150. The height of the floor 

is 4 meters. 

 

 

Fig. 2. Calculated scheme of movement of people to the stairwell 

The speed of human flow depends on the composition of people forming it. This 

determines the need to analyze the composition of the flow. Demographic characteristics of 

the observed people: women - 77.9%, men - 18.8%, children - 3.3%; age - under 10 - 1.6%, 

from 10 to 20 - 16.2%, from 20 to 40 - 64%, over 40 - 18.2%. According to the data of the 

conducted research in five shopping centers of Marks and Spenser, 19.4% of males and 

80.6% of females were present in them, under 15 - 1.0%, from 15 to 60 - 61.1%, over 60 - 

37.9%. The latter data draw attention to the significant number of people over 60 years of 

age, among whom there may be people classified as low-mobility groups. This once again 

confirms the necessity to consider the speed of human traffic as a random value and to take 

it into account when developing zone-based notification of people. 

Taking in calculations the speed of human flows as a random value with a certain interval 

of its changes, the possible speed parameters of movement of representatives of low-mobility 

groups of the population are also taken into account. This is all the more true because the 

dependence of speed on the density of the flow of people for all mobility groups is described 

by a general dependence [8-15]: 
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The difference in the values of aJ , D0 and V0 is taken into account by introducing the 

interval of possible changes 3v. As the design speed of free movement is taken a random 

variable with numerical characteristics of its distribution: the average value V0 = 100 m/min, 
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standard deviations v = 10 m/min. With these design parameters we analyze the above two 

possible schemes of evacuation from the design floor [16-25]. 

The first scheme. 

The length of the movement path from the furthest place of the floor is made up of the 

path between the rows of equipment, which has a length not exceeding 5 m (in axes) and the 

path section of the common (main) aisle, the length of which up to the exit does not exceed l 

M< 29 meters. In case of comfortable movement of human flows in aisles (rows), the 

minimum value of the flow speed can be 70 m/min, and the maximum - 130 m/min. When 

moving along a common aisle at the maximum flow density DM = 3 people/m2 = 0.5 m2 /m2 

its speed will be: Vmin =23 m/min, Vmax = 43 m/min. If there is no delay before the exit, the 

calculated time of evacuation from the room will be: minimum tr = 5:130 + 29:43 = 0.71 min, 

and maximum - tr = 5:70 + 29:23 = 1.33 min. 

Second scheme. 

At free placement of equipment people have the opportunity to go to the exit with the 

speed of free movement and the maximum length of their route does not exceed 34 m. Then 

the calculated evacuation time will be: minimum tr = 34:130 = 0.26 min, maximum - tr = 

34:70 = 0.49 min. 

The estimated time of evacuation of people tr from the floor will not exceed 3 min. This 

value will be used when developing the algorithm. 

3 Results 

The maximum flow densities of people in the corridor are shown in Fig. 3. 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 3. Maximum values of human flow density during evacuation from the floor. 

The data shown in Fig. 3 shows that in the place of narrowing the section of the evacuation 

route a crush of people with the maximum density is formed. Evacuation of people in the 

stairwell, Fig. 4, also has no qualitative differences. 
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Fig. 4. Maximum values of human flow density at simultaneous evacuation 

The considered scenario of simultaneous evacuation showed that the time of people 

leaving the building will be 87 min. At the same time, the crush will last about 75 minutes, 

which is not acceptable for the human body. The above mentioned makes us search for other 

variants of evacuation organization, which would allow to eliminate the maximum density 

of human flows before exits to the stairwells and during further movement on the stairs. 

The results of the calculation of the algorithm of post-zone notification of people from 

the office part of the building are shown in Table 1. According to the building evacuation 

concept, in case of fire on the 7th floor, which leads to the most complicated and prolonged 

emergency situation, the evacuation of floors 35 to 46 of the office part of the building takes 

place up to the transitions to the neighboring tower, the evacuation of the compartment with 

floors 7-32 takes place outside. In case of a calculated situation "Terrorist attack" - all floors 

are evacuated to the exits of the building.  
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Table 1. Calculation results of the algorithm for zone-based notification of people from the office part 

of the building 

 

 

 
Floor 

Time of start of movement of people tozh, min  

(time of movement of people to the safety zone tevac, min) 

Fire Terrorist attack 

7-32 35,26 (38,4) 34,08 (40,3) - - 

35-46 29,40 
(32,23) 

26,65 (29,48) - - 

7-46 - - 35,28 (46,10) 31,98 (42,29) 

 
The results shown in Table 1 show that the "Fire" scheme allows for a shorter time to wait 

for the command to start evacuation. However, the "Terrorist" scheme is more likely to 

produce clusters, as the evacuation process is less orderly - the required distances are not 

always maintained. 

Table 2 shows comparative data on simultaneous and staged evacuation of people from 

the high-rise part of the building. 

Table 2. Comparative data on simultaneous and staged evacuation of people from the high-rise part 

of the building. 

 
 

 

 

Evacuation scenario 

Simultaneous evacuation Phased evacuation 

tevac, 

min 

Dmax, 
м2/ 

м2 

tDmax, 

min 

Vsr, 

m/ 

min 

 

tevac, 

min 

Dmax, м
2/ 

м2 

tDmax, 

min 

Vsr, 

m/ 

min 

 

Within a floor 
up to 

20,0 
0,9 19,5 20 2,04 0,08 0 100 

On the stairs 
(traffic patterns 

within a floor 

have no effect on 
stairway 

movements) 

79,9 0,9 75,0 7 42,29 0,25/0,9* <2  46,95 

 

Note*. When implementing staged evacuation in order to reduce the waiting time of 

people on the floors, short-term (up to 2 min) accumulations of people on the stairs are 

possible. 

Note**. Total evacuation time was determined with the following human flow 

parameters: movement of people in the high-rise part of the building in the closing part of 

the flow but the staircase at density D=0.25 m2/m2 (Vsr=46.95m/min), along the horizontal 

path at D=0.15 m2 /m2 (V=54.54 m/min), and down the stairs after the horizontal passage 

on the 5th floor at D=0.15 m2/m2 (V=63.3m/min). 

The results shown in Table 2. show that when using the algorithm of staged evacuation 

of people as an organizational measure, the evacuation time from the building decreases 

almost 2 times. At the same time the speed of human flow increases by 7 times 

simultaneously with the decrease in the density of the flow of people. The problematic point 

in the algorithm is the long time of waiting for the command to start the movement, which 

amounted to 35 min. 

Table 3 shows the values of the delay time for evacuation of people on the floors of the 

office part of the building. 
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Table 3: Calculated situation "Fire". Evacuation start time for floors #35-46 of the office part of the 

building.  

The floor where the fire occurred is #7. 

 

Time moment, min. Floor number 

0 

5,33 
10,66 

15,99 

21,32 
26,65 

46,45,35 

43,44 
42,41 

39,40 

37,38 
36 

 
The totality of the calculations performed within the framework of this work allows us to 

draw two conclusions on the time of the beginning of evacuation of people from the floors 

of a high-rise building: 

1. The total evacuation time of people from the block consisting of 24 floors 

corresponds to the time of total evacuation of people from the calculated block consisting of 

36 floors; 

2. The greatest delay time to the beginning of evacuation of people corresponds to the 

floors located in the middle of the fire compartment at a significant number of 24 floors, and 

in the lower part at the number of floors 12. It is reasonable to apply the obtained data for 

combined evacuation with the use of vertical internal transport - elevators. 

According to the certificate provided by the customer, the office part is served by two 

groups of TWIN elevators with 1600 kg capacity cabins moving two in each elevator shaft. 

Elevators B1-B6 serve floors with -1 ... + 32 , speed of moving cabins: upper - 6m/s, lower - 

4m/s.; lower - 4m/s. Elevators B7 - B11 serve floors of the upper part from 35 to 46th, the 

speed of cabins: upper - 7m/s, lower - 5 m/s. Floor elevations of the 32nd floor -117.0 m, 

35th floor - 126.8 m, 46th floor - 168.8 m. Capacity of cabins at evacuation (KL = 0,9) Ek = 

20 people. 

When two cabins move in a single shaft, the upper cabin can not move down faster than 

the lower, so the speed of movement of elevator cabins during evacuation are: the first group 

- 4m/min (12 of them), the second - 5m/min (10 of them). The first group of elevators 

evacuates the population from the 7th floor (level 21.3) to the 32nd floor (250•26=6500 

people), the second - from 35 to 46 (250•12=3000 people). 

At full evacuation of people by elevators values Hp are: for the first group - 69m, for the 

second - 148m. At a speed of the cabin 4 m/s value h = 18m, at a speed of 5m/min - 25 m., 

values tevac are equal to 16 s. and 18 s. respectively. The time of a round trip for the cabins of 

the first group will make 120 s., the second -148 s. Carrying capacity of the first group of 

elevators - 7200 people/hour, the second - 4865 people/hour. Time of evacuation by elevators 

of people from floors 7 - 32 will be 0,9 hours, from floors 35 - 46 - 0,6 hours. 

The duration of evacuation from the upper floors of the office part to the ground level is 

about 80 min (1.33 hours), to the level of the safety zone in the neighboring building will be 

about 0.5 hours; evacuation of the lower fire compartment - more than an hour. As you can 

see with the help of elevators people from the upper floors are evacuated 2 times faster and 

already leave the building in 0.6 hours. Evacuation of people from the lower fire compartment 

is also somewhat faster (by 10-15%), although not so dramatically. However, it is very 

important that people are protected from injuries, tremendous physical fatigue and mental 

stress. 

Obviously, a significant reduction in evacuation time can be achieved with the use of 

elevators in its staged organization, but this will require greater physical effort from those 

people who will evacuate on foot. Obviously for this purpose it is necessary to organize 
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evacuation by means of elevators of people first of all from those floors, time of evacuation 

start from which is maximum. As the final tables (6 -11) of delay time of the beginning of 

stage evacuation show, such floors are the upper floors of the blocks, which fall in the second 

or third turn after the blocks (14 or 10) starting evacuation. This is natural since people on 

these floors have to wait until their floors pass the flow of people, merging with which will 

lead to the formation of the maximum density on the stairs. 

Their delay time is a multiple of the time of human flow between the upper floors of the 

blocks t (5.88 min. in Table 2; 5.33 min. in Table 3). Evacuation takes place simultaneously 

on two floors. Two elevator cabs in the TWIN system are also interlocked. The time of the 

round trip of the cabs is 2 and 2.5 min. And the time of return trip of the upper cabin can be 

reduced due to its higher speed. Carrying capacity of a group of elevators for one round trip 

is 240 and 200 people. Consequently, each group of elevators practically for two round trips 

takes out the population of two neighboring floors (for 4 - 5 min.) and thus reduces by tevac 

the total duration of phased evacuation. Thus, for example, practically for two round trips the 

delay time in the situation described in Table 2 will be reduced to 23.52 min and, accordingly, 

by 11.76 min the time of the end of the total evacuation. Its duration will be closer to 25 min. 

This is instead of 80 min for simultaneous pedestrian evacuation. 

It should be taken into account that the described approach to the algorithmization of 

phased combined evacuation of people from a high-rise building is the first experience in our 

country. A lot of things still need to be refined, clarified and verified, but it does not seem 

like a fairy tale to report about possible evacuation of people from the world's tallest building 

in 20 minutes. It has the world's fastest elevators. But even now it should be noted that the 

"lion's" share of the round trip time falls on the loading of elevator cabins. However, the 

capacity of cabins and their corresponding number is also a question of economy of expensive 

total area, in which the area of elevator installations occupies a huge percentage. But the main 

thing, of course, is people; their safety in any situation. 

To confirm the adequacy of the obtained results, a numerical experiment was conducted 

to simulate the movement of human flows for the developed evacuation scheme. The 

computer three-dimensional model of the building developed in the Pathfinder software 

package is presented in Fig. 5. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 5. Computer model of the building 
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The simulation results showed similar results to the analytical calculation. The difference 

in evacuation time amounted to 13%. To take into account immobile groups of population 

during evacuation from high-rise buildings it is advisable to use the model of individual-flow 

movement with the possibility of modeling the movement of elevators, which allows to 

predict fire-hazardous situations in terms of ensuring safe evacuation of people and rescue of 

immobile groups of population. 

4 Conclusion 

Within the framework of this article the problem of pedestrian evacuation of people from 

high-rise buildings is considered and ways of its solution are proposed. 

It was shown that in case of simultaneous pedestrian evacuation of people in case of an 

emergency, evacuees should overcome about 900m by stairs in a flow density of 9 people/m2 

. Such a path takes about 1.5 hours with all functioning stairwells. 

Promising ways to solve this problem are the use of elevators and the organization of 

staged evacuation of people. In case of full staged evacuation of people in comparison with 

full simultaneous evacuation it is possible to achieve reduction of evacuation time almost 2 

times, increase of speed 7 times, and reduction of density of human flows 3 times. However, 

the most difficult element of organizing the process of staged evacuation is a significant, up 

to 35 minutes, waiting for the command to start evacuation for people on the floors. 

The above calculations have shown that the combined use of elevators and staged 

pedestrian evacuation reduces the evacuation time to 25 min, which also reduces the waiting 

time of people on the floors. 

Thus, the analysis of the practice of organization of evacuation of people from high-rise 

buildings, normative documents, results of scientific research, as well as numerous 

engineering calculations, allows to develop recommendations for the organization of staged 

evacuation of people from high-rise buildings, taking into account the exclusion of the 

formation of high traumatic densities on evacuation routes, in particular in the volume of 

stairwells. 
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