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Abstract. The article explores a new phased evacuation algorithm for 

high-rise buildings and structures. The necessity of using this evacuation 

type is justified by reducing of the human flow density, which minimizes 

the people injury risks and the crowd formation during the movement 

process. This type of evacuation prevents the appearance of clusters in 

local narrowing places (the floor entrance), as well as on stairway. The 

calculation model is made in Pathfinder PC. The scheme of organizing a 

phased evacuation is based on the separation of the evacuating people 

flows and the prevention of their crossing. The design scheme is given for 

the twenty-story section of a high-rise building. A detailed instruction 

describes the process of dividing a section into stages and determining the 

sequence of evacuation floors. The time delays table is calculated for each 

floor of the simulated twenty-storey section. 

1 Introduction 

At present, there is a world trend in the high–rise construction development. Such buildings 

are subject to special requirements for ensuring fire safety, especially in terms of the 

construction material quality control and the organization of effective evacuation measures 

[1–4]. Particular attention is also paid to space–planning solutions [5], the flame effects on 

the structures operation [6–9] and the need for additional fire protection [10–15]. The 

evacuation process analysis from high–rise buildings considers the space of streams 

crossing between descending people the stairs and people leaving the floor as one of the 

most problematic areas [16]. These places of a continuous density increase of the human 

cluster (7–8 people per m2) form sharply high chances of injury and compression asphyxia 

during the crush. 

There are several models for organizing the evacuation process [17–19]. One of the 

most effective solutions is the organization of a phased pedestrian evacuation [20]. 

The algorithm is defined by the following concept: 

1. Priority evacuation of the fire floor and several floors above it. Periodic evacuation of 

the nearest floors below the level of ignition; 
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2. Consecutive evacuation of the remaining floors. First, organized order of people from 

the nearby floors above the fire to the top. Then system announces the evacuation of the 

lower floors; 

3. The parameters of the movement of the human flow (the time of the people exit 

beginning from each floor (the signalling intervals) are calculated, the potential for the 

clusters formation on the staircase due to the merger of counter flows is excluded. 

This typical algorithm is justified by the vertical spread of poisonous combustion 

products and smoke, which quickly spread through the ventilation system despite the 

security of the staircase–elevator units and the insulation of window openings [21, 21]. 

Also, with the fire of facade structures, the flame, first of all, will pass to the nearby upper 

and lower floors. 

The phased evacuation does not necessarily lead to an evacuation acceleration [23]. 

This trend is especially evident when comparing the calculated evacuation time of a 

simultaneous and a phased evacuation algorithm. Nevertheless, when people move during a 

real fire, the actual time will be influenced not so much by the "calculated seconds of 

advantage", but by the possibility of non–stop and planned movement. At a rarefied density 

(3 people/m2), the risk of injury is minimized, the panic onset and also the potential 

overlapping of the motion path by falling from the ladder [24, 25]. It should be specially 

noted that at this density the main causes of the most dangerous factors for health 

(asphyxiation and trampling) are practically removed. The movement characteristics of the 

human flow are described in the [26]. 

2 Methods 

Calculations are carried out in the Pathfinder PC based on an individually–streamed motion 

algorithm [27, 28]. There is a high–rise multi–storey building in the model, which is 

divided into twenty–storey sections [29]. The evacuation time was calculated during the 

movement on the stairs. The calculations were carried out without taking into account the 

less mobile population. A unit of calculation time (time step) is 0.25 seconds. 

There are main parameters of the calculated building: 

• 100 people per floor (1 person per 6 m2); 

• Two U–shaped stairs of type H3, a march of 1350 mm; 

• Every 20th floor is technical. It is a fire–safe zone, which consist from a safe 

compartments complex [30–34]. 

 
Fig. 1. The simulated building floor plan. 

The phased evacuation model will be implemented according to the following scheme: 

1. General application principle of the universal phased evacuation model. 

1.1. The first stage (I – red zone). Evacuation of floors in the nearest fire zone. 

1.1.1. n (floor with the seat of fire) – without delay; 
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1.1.2. n+1 (overlying floor) after a period which there will be no intersection of 

evacuating human flows from the upper and lower floors; 

1.1.3. n+2 in a step after n+1; 

1.1.4. n–1 starts moving after people from n+2 floor pass the level n–1. This is taken to 

eliminate the flow intersection; 

1.1.5. n+3 is selected with the required delay to free the path for people from the n–1 

level. At the same time, this period should be short as necessity to provide continuous 

evacuation; 

1.1.6. n+4 in a step after n+3 

1.1.7. n–2 by analogy with n–1 (subsection 1.1.4) after n+4 

1.1.8. n+5, n+6, n–3 and n+7 by analogy with the items above (subsection 1.1.2–1.1.5). 

Evacuation of the n+7 level should begin earlier than n–3 if we can provide single human 

flow. 

1.2. The second stage (II – green zone). Consecutive linear evacuation of floors above 

the seat of fire. It begins with the level n+8. The time interval is chosen so that the human 

flow is continuous. People from floors do not break into the general flow, which is moving 

inside the staircase. 

1.3. The third stage (III – blue zone). Evacuation of all remaining floors from n–4 to 

below. In this case, the priority of the evacuation is the reverse of 1.2. Each floor is waiting 

for the moment when the floor above it will come down below the current floor, so as not to 

create intersections. 

1.4. Free evacuation can be allowed without interfering with the basic sequence of the 

algorithm from the lower floors in the first stage. 

 2. To develop a phased evacuation scheme for the seat of fire location on a particular 

floor, it is necessary to close part of the schedule with floors that are not present in a 

specific situation, or to continue the diagram if necessary. The coloured cells, which is 

obtained in the corrected diagram, are used to determine the evacuation sequence. 

 
Fig. 2. Scheme of phased evacuation organization. 
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3 Results and Discussion 

In the simulations of synchronous evacuation, density clusters 7–8 people/m2 appear. This 

completely agrees with the theoretical calculations. 

 
Fig. 3. Human flow density with the simultaneous evacuation. 

 We calculate three boundary cases of the location of the fire seat. 

a) Fire on the 1st floor; 

Let us consider a part of the phased evacuation scheme (Fig. 4). 

 
Fig. 4. Part of the phased evacuation scheme for the case of a fire on the 1st floor. 

The evacuation process follows the algorithm of the methods in subsection 1.2. 

We calculate from simulated model that from the 1st to the 10th floor, the step is 20 

seconds. The flow density begin to increase to 4.5 (Fig. 5a) starting from the 10th floor. 

The start–up interval increases to 30 seconds from 10 to 15 floors to thin out the flow. We 

take a time step equal to 20 seconds again in the following floors (Fig. 5b). 
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Fig. 5. Isopole of the human flow density, 1–10 floor._ 

a) with a delay of 20 seconds per floor. 
b) with an additional delay on the 10–15th floor in 

30 seconds. 

 

b) Fire on the 19th (last) floor; 

 
Fig. 6. Part of the phased evacuation scheme for the case of a fire on the 19th floor. 

The evacuation process is according to the algorithm of the methods subsection 1.3. 

We calculate from simulated model that the time step is 50 seconds. There is a period 

after evacuation beginning from the 19th floor for which the 6 low floors with a time step 

of 20 can be evacuated without hindrance (subsection a). 

c) Fire on the 10th (middle) floor; 

 
Fig. 7. Part of the phased evacuation scheme for the case of a fire on the 10th floor. 
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According to the Methods subsection 1.1 (1st stage), we begin evacuation from the 

floors above the seat of fire. We take a time interval of 20 seconds using the calculations of 

Results section "a". 

The estimated time-step values for floors n–1, n–2 and n–3 are 120, 260, 440 

respectively. The values inside the first stage square are valid for all other cases of the 

possible fire location. The estimation time delay of the fire seat on the floors close to the 

stage boundary, it is necessary to take into account the truncation of the first stage zone 

(there may be no stage of the evacuation beginning from the level n–3 or n–2. This leads to 

uncertainty in the moment of the second stage beginning (subsection 1.2) It continues in the 

upper right quarter of the table, taking into account the presence / absence of the n–3, n–2 

and n–1 levels in the first stage. 

The received values of the underlying sector is filled in cells in 50 second increments, 

according to Results section "b". We compose a table of time delays for each floor of the 

consideration section based on the calculations "a-c". Values are obtained during the 

simulation. 

 
Fig. 8. Table of time delays for each floor of the consideration section. 

There is a delay for each floor within the line. The left column shows the floor where 

the seat of fire is located. The scheme is divided into 7 colour zones (1–7), corresponding to 

different stages and sub–stages of the evacuation process. 

1st stage of evacuation (1.1 Methods) includes colours under the number 1, 2, 3. Where: 

1 (yellow) – the floor of the fire seat n (subsection 1.1.1 method); 

2nd (brown) – floors above n, starting from n+1 to n+7 (in the general case) (subsection 

1.1.2 of the methodology); 

3d (green) – floors under n from n–1 to n–3 (in the general case) (subsection 1.1.4 of the 

methodology). 

The alternation of n– and n+ follows the instructions given in the Methods. 

2 stage (1.2 Methods) is displayed in 4 colours (blue). Consecutive linear evacuation of 

floors above the fire. 

3d stage (1.3 Methods) follows the last chronology and is shown by zone 5 and 6 (blue 

and red). It begins after the moment when people from previous stages pass below it. 

Evacuation occurs with the same step in accordance with subsection 1.3 of the previous 

instruction. In general, an important detail is the definition of the evacuation beginning the 

3d stage (red colour of the table). In the table above, it was found experimentally. 
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4th stage (subsection 1.4 of the Methods) is described by 7 colours (beige). Optional 

people evacuation from the lower floors in the 1st stage, which does not intersect with the 

main flow, but allows to reduce the evacuation time. 

Let's consider a concrete example of calculation: 

The seat of fire is on the 9th floor (Figure 9). 

 
Fig. 9. Scheme of phased evacuation in case of fire on the 9th floor. 

The estimated time delays for each floor are given in the 9th row of the table (Figure 8). 

Instant start of the evacuation is announced on the floor with a fire (9th). At the same 

time, an optional evacuation of 1st and 2nd floors takes place. Then the two upper floors 

evacuation with an interval of 20 seconds is carried out. This time is enough for people 

from the lower floor to fully exit the stairwell, and accordingly there were no clusters from 

the flow meeting. 

After 120 seconds the last person from the 11th floor will pass the 8th floor, and 

accordingly, the evacuation beginning of this floor is announced. Also the notification of 

the 12th floor is included. The delay between 11th and 12th floors was made for the 

possibility of 8th floor evacuation. For floors 13–16, the principle sequence is repeated. 

After the beginning of the 16th floor movement, the evacuation of the upper floor is 

announced every 20 seconds. 

After 650 seconds, the flow going from the 19th floor passes through the 5th floor, 

which serves as a signal for the beginning of its evacuation. The lower floors start moving 

every 50 seconds. 1st and 2nd floors managed to leave the building during the 1st phase. 

The phased evacuation is completed. 

There are 2 basic calculated values of the delay interval for two cases evacuation. The 

previous evacuation is located: 

1. Below considered. This algorithm is typical for 2nd stages. For this case, the delay 

time is 20 seconds. 

2. Above considered. This algorithm is typical for 3d stages. For this case, the delay 

time is 50 seconds. 

4 Conclusions 

In the article, we obtain the new organizing algorithm for phased evacuation from a high–

rise building and structure. The necessity of its application is substantiated, despite the 

higher value of the estimated time in comparison with the simultaneous evacuation. The 

values of time delays for each floor of the twenty–storey section are obtained. The possible 

example of this technique in the organization of evacuation for a particular floor is 

considered in detail. 
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