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Optimizing safe evacuation using pathfinder: 
emergency strategies in high-rise and super high-rise 
complex buildings in the new administrative capital
Ahmed M. Selim a, Enass A. Salama b and Heba M. Gaber a

aDepartment of Architecture, Modern Academy for Engineering and Technology, Cairo, 
Egypt; bDepartment of Architecture, Modern University for Technology and Information, 
Cairo, Egypt

ABSTRACT
Recently, the Egyptian government has sought to create new urban spots. The 
New Administrative Capital was one of those new urban extensions. Architects 
and urban designers tended to vertical expansion in planning this city as 
a result of the high cost of the land. Accordingly, high-rise and super-high-rise 
buildings have been relied upon in the architectural design of the buildings. 
This study aims to evaluate the achievement of safe occupants’ evacuation in 
case of fire for two high-rise and one super high-rise complex buildings based 
on a set of variables. Staircase design, the use of elevators, and the provision of 
refuge areas were evaluated, through simulating seven scenarios using 
Pathfinder software. The simulation results comprised an assessment of average 
stairs traffic jams, the occupant load density on emergency stairs, and the 
required safe evacuation time (RSET) for each scenario. It was concluded from 
the study that staircase design has a significant impact on (RSET) time. As well as, 
evacuation using elevators or relaying on refuge areas as auxiliary means with 
the emergency stairs may be safer for these types of buildings. Finally, the study 
provided technical requirements for using refuge areas and elevators in emer-
gency evacuation in high-rise and super high-rise buildings.
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KEYWORDS High-rise and super high-rise buildings; pathfinder software; required safe evacuation time; 
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Introduction

In modern urbanism, high-rise and super-high-rise complex buildings 
have become integral parts of cities’ architectural and urban fabric [1]. 
Nowadays, with the rapid urban development in Egypt, the New 
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Administrative Capital is considered a microcosm of Egypt’s aspiration 
for achieving comprehensive urban development, where it has under-
gone significant transformation in buildings form and function, distin-
guished by the emergence of high-rise and super high-rise complex 
buildings, which are ambitious megaprojects [2].

In fact, these types of buildings face unique challenges associated 
with evacuation during emergencies, necessitating comprehensive eva-
cuation strategies [3]. Additionally, multi-purpose high-rise and super- 
high-rise buildings are different and complex, due to their unique 
characteristics. These characteristics include the diversity of occupancy 
during the day, as they are normally used for commercial purposes on 
the ground and first floors and administrative purposes for the upper 
floors, generating high population density at specific times of the day 
[4]. Therefore, the need for efficient evacuation strategies to ensure the 
safety of all occupants is critical. In other words, these buildings require 
specific attention and planning to ensure the safety and effective 
evacuation of occupants during emergencies [5].

Consequently, various evacuation egress components, such as the 
emergency stairs, refuge areas, and elevators must be studied carefully 
as comprehensive tools for the evacuation process to preserve the lives 
of the occupants of the place, taking into account different ages, gen-
ders, and the sicks [6]. In this vein, it is be kept in mind that in Egypt, it 
has been observed in different studies that most cardiovascular diseases 
nowadays are spread at an early age, were spread especially in young 
males people than others related to poor dietary habits, smoking, or 
physical inactivity [7].

correspondingly, most previous studies discussed the evacuation of 
the high-rise and super-high-rise buildings from one perspective, where 
it focused on assessing one building with a specific height and choos-
ing one of the variables that affect the evacuation process, such as 
stairs, and evaluating the extent to which they achieve a safe evacua-
tion or not [8]. Therefore, the results and conclusions of these studies 
presented an incomplete vision of the evacuation process for these 
types of buildings. To address this gap, this study aims to present 
a holistic approach, considering several variables at the same time, 
such as the height of the buildings, evacuation scenarios, and the 
egress components, to form a comprehensive vision that enables 
designers to provide evacuation models in accordance with the vari-
ables of each building to achieve the safest evacuation process. This 
contribution is based on Pathfinder as a simulation tool, that is used to 
evaluate the evacuation time for three under construction buildings 
through seven scenarios for occupants’ evacuation, considering specific 
constraints.
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Literature review

In this section, the study highlighted the classification of high-rise and super- 
high-rise buildings. In addition, the egress components of these buildings 
and their importance were explained, especially the elevators and refuge 
areas, which plays an important role in the evacuation process. Furthermore, 
emergency evacuation scenarios and their strategies were discussed. Then, 
the study focused on the importance of using computer simulation in eval-
uating the evacuation process for these buildings. A review of the Pathfinder 
software was presented as an analysis chosen tool.

High-rise/super-high-rise buildings: definition and classification

The global proliferation of high-rise buildings is a response to limited land 
availability and their pivotal role in modern cities. However, their intricate 
nature and safety considerations, such as robust fire safety systems and 
advanced structural design, present unique challenges compared to low- 
rise structures [9]. The classification of high-rise and super high-rise buildings 
is primarily based on their height and number of floors, with definitions and 
classifications varying across regions and organizations as illustrated in 
(Table 1).

In this context, a high-rise building can be explained as a structure with 
a minimum average height of up to 125 meters, and every building above will 
be categorized as super high rise and ultra-high-rise building. Ultimately, 
these classifications may be increased/decreased based on the countries’ 
regulations, and rapidly urbanism changing [17].

High-rise/super-high-rise buildings: emergency evacuation scenarios

Evacuation scenarios are crucial for ensuring the safety of building occupants 
during fires, especially in super high-rise buildings [18]. Accordingly, various 
scenarios have been developed and tested worldwide to optimize evacuation 
processes using egress components to reduce evacuation times, and ensure 
the safety of occupants during fires [19]. These scenarios can be summarized 
as demonstrated in (Table 2).

Adequately, understanding these evacuation scenarios and strategies 
above, the evacuation process in high-rise and super-high-rise buildings 
can be enhanced, thus prioritizing the safety and security of their occupants.

Egress components in high-rise/super-high-rise buildings

Evacuations in high-rise buildings are different from those in other build-
ings due to the significant vertical distances that are going up day by day 
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[25]. Therefore, using emergency stairs only could not achieve a safe 
evacuation, especially for the elderly, those with disabilities, and people 
with health issues [26]. Consequently, it must be considered to imple-
ment other egress components represented in refuge areas and elevators 

Table 1. High-rise/super high-rise building classification.

Organization/Code Height

Building type

High- 
rise

Super 
high-rise

Mega/ 
ultra 

high-rise

Council of Tall Buildings and Urban Habitat 
(CTBUH) 
[10]

More 14 stories/50 
meters

*

More 300 meters *
More 600 meters *

Emporis Standards 
[11,12]

More 12 stories/35 
meters

*

More 100 meters *
International Building Code (IBC) 

[13]
More 75 feet (23 

meters)
*

Above 450 feet (137 
meters)

*

China code 
[14]

More 70 meters *
More 140 meters *
More 300 meters *

Malaysia code 
[15]

More 24 stories/84 
meters

*

More 40 stories/140 
meters

*

Singapore code 
[16]

More 16 stories/56 
meters

*

More 30 stories/105 
meters

*

Average height Up to 
125M

More 
125M

More 
450M

Table 2. Description of emergency evacuation scenarios.

Scenario
Egress 

components Evacuation strategy

Total building 
evacuation 
[20]

Staircases. It requires occupants to evacuate to the staircases leading to 
the ground floor.

Self-evacuation 
[21]

Staircases, 
Elevators.

This strategy involves the use of available means of evacuation, 
such as elevators and stairs, where elevators are used to 
shuttle occupants from the higher floors to the exit level and 
return for another load.

Progressive 
evacuation 
[22]

Staircases, 
Elevators, 
Refuge.

It allows occupants to initially relocate to a refuge area using 
stairs, from which they can then be evacuated to a place of 
ultimate safety using stairs and/or elevators.

Phased 
Evacuation 
[23]

Staircases This strategy involves evacuating the most critical floors first, 
such as the fire floor and nearby floors.

Partial 
evacuation 
[24]

Staircases, 
Horizontal 
exits.

This strategy includes the immediate evacuation of specific 
areas of a building closest to a fire incident.
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to ensure smooth and efficient evacuation procedures [27]. Notably, in 
2011, the Council for Tall Buildings and Urban Habitats (CTBUH) pub-
lished research with the intention of fostering a better understanding of 
the concepts of evacuation. Also, attention has been drawn to the need 
for design solutions to evacuate occupants in high-rise buildings, parti-
cularly in the provision of refuge areas [28].

Refuge area: definition and importance
A refuge area is a designated safe space as a temporary shelter, providing 
a secure haven during emergencies for occupants who are completely or 
partially unable to use emergency stairs [29]. The crucial roles of the refuge 
area are to serve occupants with disabilities and young children awaiting 
rescue by fire authorities, or briefly rest before continuing their escape [30]. 
Previous studies and international codes have shown that the refuge area 
must accommodate the anticipated number of occupants during an emer-
gency without overcrowding. Therefore, the refuge should accommodate at 
least 25% of the total gross floor occupancy load [31]. Continuously, various 
building codes and standards determined the refuge floor location, as illu-
strated in (Table 3). It is noteworthy, that most of the codes determined 
refuge floor location applied at 24 stories or more [32]. As a result of the 
large number of occupants gathering on a refuge floor, there are several 
issues to consider for their comfort and safety: including provisions for toilets 
and drinking water, seating or standing accommodations, emergency power, 
protection from fire effects, and reliable ventilation/HVAC design [33]. 
Additionally, evacuation drills for refuge area play a crucial role in avoiding 
crowd management issues, where Human behavior, influenced by factors 
such as crowding, uncertainty, increased heat, and physical discomfort, can 
elevate stress levels and impatience during an evacuation [34].

Elevators
Elevators are being utilized widely in high-rise buildings and becoming a very 
important traffic element due to their efficient operation and fast running [35]. 
Therefore, in foreign countries, researchers have been studying elevator eva-
cuation in high-rise building fires since the mid-20th century, especially follow-
ing the collapse of the World Trade Center on 11 September 2001, which led to 

Table 3. Comparison of refuge floor location among countries.
Country Configuration

Korea Range of refuge floor every 30 floors applied for 50-story (200m) or more
Hong Kong Range of refuge floor between every 10–14 floor depends on its height (45 m)
Singapore Range of every 20 floors applied for 40-story or more depend on its floor-to-floor height
India Every 15 floor depends. Applied at 24-story or more
Indonesia Every 16-floor interval with the application for 24- story or more
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widespread recognition of the use of elevators for evacuation during high-rise 
building fires [36]. That led to a growing interest in the potential value of using 
elevators as an evacuation component in high-rise buildings [37]. John H. Klote 
and others introduced the concept of Emergency Elevate Evacuation Systems 
(EEES) in 1994 and explored the feasibility of elevator evacuation.

In fact, one of the common methods of using elevators in emergency 
evacuation is sectorization, where the building is divided into zones and each 
zone is serviced by specific elevators, which leads to increasing capacity and 
reducing waiting times [38]. However, ensuring the security of elevator evacua-
tion during fires and taking advantage of elevators as a vertical transportation 
to evacuate more people in the shortest time requires maintaining a set of 
scientific conditions, such as protecting the elevator system from heat, smoke, 
water, and loss of power considering the total evacuation time to be 
reduced [39].

Simulating fire emergency evacuation with pathfinder

The construction codes provide minimum safety requirements for high-rise 
buildings. However, additional measures are needed to enhance fire safety. 
Computer simulation algorithms (software) have proven effective in under-
standing high-rise building evacuations during fire emergencies, as demon-
strated in various studies [40]. These algorithms accurately model and predict 
evacuation dynamics, facilitating the optimization of evacuation strategies, 
and ensuring the safety of lives and property [41].

Pathfinder is considered one of the famous tools that is widely recognized 
and utilized in this field [42]. In this regard, the simulations conducted using 
the Pathfinder software consider variables such as the number of elevators, 
stairs, and refuge floors, to determine the number of people remaining in the 
building within a specified time frame [43]. Simultaneously, the software also 
calculates travel distance, density, and evacuation time, taking into account 
factors such as age, gender distribution ratios, and optimizing the use of exits 
[44]. Consequently, this study adopted Pathfinder simulation software as an 
analytical comprehensive tool to provide valuable insights into evacuation, 
understand evacuation dynamics, and optimize safety measures during 
emergencies in three high-rise buildings (the case studies) by using software 
Steering Mode. In fact, this mode employs steering mechanisms and collision 
handling to control occupant movement, allowing for deviations from the 
path while still progressing toward the intended goal.

Materials and methods

Due to the nature of high-rise buildings, especially multi-use complexes, the 
high occupancy load on the lower floors (ground and the typical two floors 
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above), which are normally used as commercial centers (malls and mega-
stores), and the high gross occupancy load on the business floors. In this 
context, the study sought to assess and verify the achievement of safe 
occupants’ evacuation in case of fire by performing a simulation using 
Pathfinder tool for three buildings with different scenarios. This study meth-
odology has four sections as illustrated in (Figure 1).

Figure 1. Research methodology.
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Case studies: the selection of the buildings

Currently, many high-rise buildings in the new capital are under construction. 
Theoretically, the height of the buildings is one of the main factors that 
influences the evacuation time. Hence, three buildings with different heights 
were chosen to evaluate evacuation time based on a set of variables. In this 
regard, these variables were staircase design, the use of elevators, and the 
provision of refuge areas. Notably, all of these buildings are classified as multi- 
use complex buildings, which consist of commercial use on the lower floors, 
and business use on typical floors. The heights of the buildings are in order 
49.25 m (15 floor), 95 m (24 floor), and 160 m (41 floor). The buildings’ 
specifications including floors area, number of floors, and number of emer-
gency staircases are illustrated in (Table 4).

Validation of the case studies

In this step, the selected three buildings were examined to ensure the extent 
to which these buildings fulfilled the architectural requirements of the 
Egyptian code for protecting buildings from fire, and the international 
codes and standards that were mentioned in the literature review. In this 
respect, the travel distance, dead end, number of exits, number of emergency 
stairs, and emergency stairs width were evaluated. Notably, this step is 
considered critical to ensuring the accuracy of simulation results. Therefore, 
by analyzing the ground and typical plans for the three buildings, and 
comparing them to the architectural requirements of the code as illustrated 
in detail in (Table 5), it was found that they covered these requirements. 
Hence, the three cases are valid for the simulation process.

Simulation

In this study, Pathfinder version 2019.2 was used to evaluate the evacuation 
process for the mentioned buildings above. In fact, there are many factors 
that affect the evacuation simulation. Therefore, thirteen constraints and 
determinants were imposed and applied in all (cases/scenarios) as shown in 
(Table 6). Additionally, the occupants are randomly placed in the rooms, the 
simulation type will be based on the steering mode, and the simulation will 
run immediately after the occupants start to evacuate.

Meanwhile, the study assumed seven scenarios based on different vari-
ables that applied in the three cases, where:

a- The first building (C1), the total number of occupants was reached 
2630 person, and the occupant load on the typical floor was 176 persons.
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Two scenarios were assumed as:

(1) Scenario (1): the simulation was carried out based on the current type 
and location of emergency stairs provided by the designer.

(2) Scenario (2): the type of the staircases’ forms (No:1, No:2, and No:6) 
were changed to two flights and one landing instead of four flights and 
three landings as presented in (Figure 2).

Table 5. The architectural requirements of the Egyptian code for protecting buildings 
from fire and international codes.

Code req G T.C T. B

C1 C2 C3

G T.C T. B G T.C T. B G T.C T. B

Travel distance 60 60 45 48 43 31 42 40 37 44 42 23
Dead end 6 6 12 None None None
Indoor corridors width 6 6 1.65 6 6 1.88 6 6 1.85 6 6 1.90
Emergency stairs width 110 cm 130 cm 130 cm 140 cm
Building exits/floor exits 3 3 2 4 4 2 7 5 2 9 3 2
Emergency Stair doors width 90 cm 1 m 1 m 1 m
Spaces doors width 90 cm Average 1 m Average 1 m Average 1 m

Where, G = Ground floor, T.C= Typical commercial, and T.B = Typical business.

Table 6. The constraints and determinants of the study.
Constraints and determinants Assumptions/values

Waking speed for occupants 1.19 m/s
Occupant load
Commercial occupant load (ground floor/typical floor) 2.79 m2/person/5.57 m2/person
Business occupant load (typical floor) 9.29 m2/person
Disable people Not included
Pre-evacuation time 10 min/in case of using refuge
Occupants’ placement In function
Using assisted mobility Not available
Gender type Not specified
Elevators speed 3.00 m/s
Elevators capacity 20 persons
Occupant load in refuge area 0.28 m2/person
Occupant percentage in refuge area 25% from floors above
Stair flight width 1300 mm

Figure 2. The change of the type of the staircases (No:1, No:2, and No:6) in the typical 
floor for scenarios (1), and (2).
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b- In the second building (C2), the total number of occupants was reached 
4978 persons, and the occupant load on the typical floor was 144 persons.

Two scenarios were assumed as:

(1) Scenario (3): the evacuation simulation process was implemented 
relying on the emergency stairs in the building only.

(2) Scenario (4): the evacuation assumption in this scenario relied on 
emergency stairs only up to level (+42.6, the 12th floor). Then, 10 
elevators located on the typical floors’ wings with 12-person capacity 
for each were added to the simulation to evacuate the occupants in 
the upper floors as illustrated in (Figure 3).

c- In the third building (C3), the total number of occupants was reached 
4126 persons, and the occupant load per typical floor was 72 persons.

Three scenarios were assumed as:

(1) Scenario (5): the evacuation simulation process was implemented 
relying on the emergency stairs in the building only.

(2) Scenario (6): the evacuation assumption in this scenario relied on 
emergency stairs only up to level (+42.6, the 12th floor). On the 
upper floors, 25% of the occupancy load used six elevators with 12- 
person capacity for each in the evacuation process, without using the 
firefighting elevators.

Figure 3. The evacuation assumptions for building (2), scenarios (3), and (4).
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(3) Scenario (7): the evacuation assumption in this scenario relied on 
emergency stairs only up to level (+42.6, the 12th floor). On the 
upper floors, 25% of the occupant load went downstairs to two refuge 
areas on level (+91.8, the 24th floor). Then, they used the two fire-
fighting elevators in the evacuation process as shown in (Figure 4).

Calculating the required safe evacuation time (RSET)

The required safe evacuation time (RSET) is the time needed to keep the 
occupants out of the building and remaining in a safe zone. In other words, 
(RSET) refers to the time required to evacuate all onsite persons from the 
building to a safe place once the emergency is discovered and the alarm 
system is triggered. (RSET) calculated as follows:

RSET = Alarm time (Talarm) + Response time (Tpre) + Evacuation time (Tmov)
Where:

(1) Alarm time (Talarm) = the time between the fire occurring and the alarm 
triggering.

(2) Response time (Tpre) = the response time of the occupants after 
receiving evacuation instructions.

(3) Evacuation time (Tmov) = the time for a full evacuation. It can be 
deduced from the simulation.

Whereas advanced alarm and monitoring systems are considered in high-rise 
buildings, the alarm and response time will be relatively short. Therefore, 
(Talarm), and (Tpre) are set to 60s in this study. Additionally, the evacuation time 
(Tmov) cannot be considered the simulation result only, because it depends on 
the occupants’ physical attributes, psychological changes, and a host of other 
factors that are difficult to measure. Consequently, the simulation result must 
be multiplied by a coefficient of (1.5 to 2) in addition. In this study, the 
coefficient of 1.5 was adopted.

Correspondingly, (RSET) must be compared with the available safe evacua-
tion time (ASET), where (ASET) refers to the time between the ignition of the fire 

Figure 4. The evacuation assumptions for building (3), scenarios (5), (6), and (7).
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and the time that the safety factors were exceeded as a result of heat, smoke, 
and toxic effluents. Therefore, the occupants cannot afford to stay. Regarding 
NFPA101 recommendations, the acceptable (ASET) for high-rise buildings can 
be up to two hours. Understandably, the purpose of this step is to ensure that 
the (RSET) is less than (ASET).

Results

Regarding the simulation results models from Pathfinder for the three build-
ings with seven scenarios based on the constraints and determinants of the 
study, and the assumed variables in each scenario. The total occupant load for 
each building was calculated according to the distribution of occupant load 
factors (density-m2/person)) related to the commercial and business floors 
areas/spaces. And the evacuation times during the emergency were deduced. 
In this context, the results are summarized based on the Pathfinder output as 
follows:

Simulation result of building 1 (C1)

(1) In Scenario (1): The total number of occupants was 2630 person. The 
total occupants on the commercial floors were 574 persons, and the 
total occupants on the business floors were 2056 persons. Additionally, 
the evacuation time for the commercial floors was 140s, and the total 
evacuation time of the building was 995s as shown in (Figure 5(a)). The 

Figure 5. (a, b). The total evacuation time for scenario 1 and 2.

Table 7. The occupants’ behavior for scenario 1, and 2.

Scenario
No. of 

occupants

1st 

Occ. 
(T)

Evacuation 
time (Tmove)

Average stairs 
traffic jams

Travel 
distance (1st)

Travel 
distance (last)

1 2630 10.95s 995s 97.16s 12.52 m 296.81 m
2 760s 69.64s 261.3 m
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first occupant’s exit time was 10.95s, and the maximum travel distance 
(last) was 296.81 m.

(1) In Scenario (2): The total evacuation time of the building was 760s as 
shown in (Figure 5(b)). The maximum travel distance (last) was 
261.3 m. More specifically, the total evacuation times, and the occu-
pants’ behavior for the two scenarios are illustrated in detail in 
(Table 7).

As can be seen in (Figure 6), a high density of occupants was observed on 
the staircases (No:1, No:2, and No:6) in scenario 1, where it was recorded an 
average of 2.8, 2.4, and 2.00 (occs/m2) in order. On contrast, in scenario 2, 
a normal density of occupants was achieved an average of 1.04 for all stairs 
except stair no:5, it was recorded 2.02 (occs/m2) as illustrated in (Figure 7). As 
regards the (RSET) calculations, the (RSET) was obtained 1612.5s for scenario 1, 
and 1260s for scenario 2.

Stair 1 Stair 2 Stair 3,4 Stair 5 Stair 6

Figure 6. The density(occs/m2) for emergency stairs in scenario 1.
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Simulation result of building2 (C2)

(1) In Scenario (3): The total number of occupants was 4978 persons. The 
total occupants on the commercial floors were 1729 persons, and the 
total occupants on the business floors were 3249 persons. Additionally, 

Stair 1 Stair 2
Stair 3,4 Stair 5 Stair 6

Figure 7. The density (Occs/m2) for emergency stairs in scenario 2.

Figure 8. (a, b). The total evacuation time for scenario (3), and (4).

Table 8. The occupants’ behavior for the for scenario (3), and (4).

Scenario
No. of 

occupants

1st 

Occ. 
(T)

Evacuation 
time (Tmove)

Average stairs 
traffic jams

Travel 
distance (1st)

Travel 
distance 

(last)

3 4978 3.9s 1908.6s 172.74s 3.20 m 544.42 m
4 2152s 46.64s 395.2 m
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the evacuation time for the commercial floors was 259s, and the total 
evacuation time of the building was 1908.6s as shown in (Figure 8a). 
The first occupant’s exit time was 3.9s, and the maximum travel dis-
tance (last) was 544.42 m.

(1) In Scenario (4): The total evacuation time of the building was 2152s as 
shown in (Figure 8(b)). The maximum travel distance (last) was 
395.2 m. Notably, 1551 occupants used the elevators in the evacuation 
process in this scenario. More specifically, the total evacuation times, 
and the occupants’ behavior for scenarios 3, and 4 are illustrated in 
detail in (Table 8).

It was noted in (Figure 9), that a high density of occupants was 
observed on the staircases (No:1, and No:2) in scenario 3, where it was 
recorded an average of 2.75 (occs/m2). On contrast, in scenario (4), 
a normal density of occupants was achieved an average of 0.75 (occs/ 
m2) for all stairs as illustrated in (Figure 10). As regards the (RSET) 
calculations, the (RSET) was obtained 2982.9s for scenario (3), and 
3348s for scenario (4).

Stair1 Stair2 

Figure 9. The density (Occs/m2) for emergency stairs in scenario 3.
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Stair 1 Stair 2 

Figure 10. The density (Occs/m2) for emergency stairs in scenario 4.

Figure 11. (a,b, and c) The total evacuation time for scenario (5), (6), and (7).
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Simulation result of building 3 (C3)

(1) In Scenario (5): The total number of occupants was 4126 persons. The 
total occupants on the commercial floors were 1292 persons, and the 
total occupants on the business floors were 2834 persons. Additionally, 
the evacuation time for the commercial floors was 318s, and the total 
evacuation time of the building was 1658s as shown in (Figure 11(a)). 
The first occupant’s exit time was 2.45s, and the maximum travel 
distance (last) was 645.42 m.

(1) In Scenario (6): The total evacuation time of the building was 2624.28s 
as shown in (Figure 11(b)). The maximum travel distance (last) was 
582.98 m. meanwhile, 648 occupants used the elevators in the evacua-
tion process in this scenario.

(2) In Scenario (7): The total evacuation time of the building was 2358.75s 
as shown in (Figure 11(c)). The maximum travel distance (last) was 
635.98 m. In this respect, 648 occupants went downstairs to two refuge 
area on level (+91.8, the 24th floor). Then, they used the two firefighting 
elevators in the evacuation process as shown in (Figure 15). More 
specifically, the total evacuation times, and the occupants’ behavior 
for scenarios (5), (6), and (7) are illustrated in detail in (Table 9).

Figure 12. The density (Occs/m2) for emergency stairs in scenario 5.

Table 9. The occupants’ behavior for scenario (5), (6), and (7).

Scenario
No. of 

occupants

1st 

Occ. 
(T)

Evacuation 
time (Tmove)

Average stairs 
traffic jams

Travel 
distance (1st)

Travel 
distance (last)

5 4126 2.45 1658s 55.14s 2.209 m 645.661 m
6 2524.28s 12.07s 582.98 m
7 2358.75s 40.3s 635.98 m
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Figure 13. The density (Occs/m2) for emergency stairs in scenario 6.

Figure 14. The density (Occs/m2) for refuge areas in scenario 7.

Figure 15. Two refuge area on level (+91.8, the 24th floor).
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Respectively, in (Figure 12) a high density of occupants was observed on 
the staircases (No:1, and No:2) in scenario 5, where it was recorded an average 
of 2.7 (occs/m2), and 2.5 (occs/m2) in order. In contrast, in scenario 6, a normal 
density of occupants was achieved an average of 1.28 for all stairs as shown in 
(Figure 13). Additionally, in (Figure 14) a high density of occupants was 
observed in the refuge areas in scenario 7, where it was recorded an average 
of 3 (occs/m2). As regards the (RSET) calculations, the (RSET) was obtained 
2607s for scenario (5), 3906.42s for scenario (6), and 3658.13s for scenario (7).

Discussion

It can be seen from the simulation results that the required safe evacuation 
time (RSET) for the seven scenarios was less than 2 hours. Therefore, the 
evacuation process is considered acceptable for all scenarios as shown in 
(Figure 16). More specifically, in building (1), the change of the staircases’ 
forms (No:1, No:2, and No:6) to two flights and one landing instead of four 
flights and three landings had a significant impact on the evacuation process, 
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Figure 16. The required safe evacuation time (RSET) for the seven scenarios.
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Figure 17. The average stairs traffic jams for the seven scenarios.
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where 21.8% of the evacuation time was reduced. Additionally, the average 
stairs traffic jams were reduced by 28.3% as illustrated in (Figure 17). In this 
context, although scenario (1), and scenario (2) were achieved acceptable 
(RSET) theoretically. The second scenario is safer in the evacuation process, as 
the lower average density on the stairs plays a critical role in reducing the 
probability of accidents and panic resulting from people crowding in the 
emergency case.

As regards building (2) scenarios (3), and (4), the use of the elevators in 
scenario (4) reduced the average stairs traffic jams by 73%, which was also 
reflected in the density of occupants on the staircases (No:1, and No:2) where, 
a normal density of occupants was observed with an average of 0.75 for all 
stairs as illustrated in (Figure 6) above. Correspondently, the evacuation time 
in scenario (4) was slightly increased by 10.9% as seen in (Figure 16). This 
increase was due to the elevators’ behavior, which needs 6.0s for opening and 
closing per trip. Adequately, it is clear from (Figure 18) in the simulation of 
scenario (4) that 56.6% of the occupants were evacuated by stairs within 
549.3s, which represents 25.5% of the (Tmov). In fact, that explains how the 
opening and closing time of the elevators affects the total evacuation time.

In building (3), scenario (6) achieved the highest (RSET), and the minimum 
traffic jams on the stairs with an average of 12.07s. That ensures how the use 
of the elevators in the evacuation process has a significant impact on redu-
cing the density in the emergency stairs. Continuously, the use of the refuge 
area on level (+91.8, the 24th floor) in scenario (7) reduced the average stairs 
traffic jams by 26.9% from scenario (5).

It is worth noting that the evacuation time of the commercial floors 
(ground, first, and second) of the three buildings recorded an average 

Figure 18. The simulation process by using elevators in scenario (4).
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evacuation time that didn’t exceed 14.7% of the total evacuation time of the 
buildings, which means that the evacuation of those floors doesn’t represent 
any problem or threat to the evacuation process in this type of buildings, as 
shown in (Table 10).

Meanwhile, the time of evacuation using emergency stairs was the shortest 
in the seven scenarios, where, it was recorded at 1260s, 2982.9s, and 2607s, 
respectively. However, when taking into account the average stairs traffic jams 
on those stairs, it was found that they were the highest among all scenarios. 
Therefore, these scenarios are not the safest in the evacuation process due to 
the high probability of increasing casualties among the occupants while escap-
ing as a result of crowding, especially those over 50 years old.

Table 10. The (Tmove) for the commercial floors in the three buildings.

Building/Scenario
(Tmove) 

for the commercial
(Tmove) 
Total

Percentage (Commercial/Total) 
%

Building 1 (C1) Scenario (1) 140 995 14%
Scenario (2) 760 18.4%

Building 2 (C2) Scenario (3) 259 1908.6 13.5%
Scenario (4) 2152 12%

Building 3 (C3) Scenario (5) 318 1658 19.1%
Scenario (6) 2524.28 12.6%
Scenario (7) 2358.75 13.4%

Average percentage (Commercial/Total) 14.7%

Table 11. The requirements for refuge areas.
The requirements Reasons/benefits for use

● setting strategically location: positioned 
near stairwells or other designated evacua-
tion routes depending on the building 
design and shape [28].

To ensure accessibility for all occupants.

● Providing reliable communication systems: 
equipped with a two-way voice communi-
cation system between the area and the Fire 
Command Center such as emergency 
phones, intercom systems, or two-way 
radios [45].

To allow occupants to communicate with 
emergency personnel or building 
management.

● Proper ventilation systems: equipped with 
open sides above safe parapet height on at 
least two opposite sides to ensure adequate 
cross ventilation [46].

To maintain a constant supply of fresh air, 
especially during a fire when smoke and toxic 
gases can rapidly 
accumulate.

● Accessibility: This involves incorporating 
features such as wheelchair ramps, hand-
rails, and accessible facilities within the 
refuge area.

To be accessible to all occupants, including those 
with disabilities or mobility challenges.

● Providing Fire Safety Measures: installed fire 
service equipment such as: fire extinguish-
ers, fire alarms, and fire suppression systems 
(automatic sprinkler systems) [45].

To keep occupants’ safe.

● Providing sufficient lighting: it should be 
a combination of natural and artificial light 
and should be backed up by an emergency 
lighting system [47].

To ensure that occupants can see and navigate 
the refuge area during an emergency.
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From this point of view, evacuation using elevators or relaying on refuge 
areas as auxiliary means with the emergency stairs may be safer for these 
types of buildings, especially as a result of the high occupancy loads therein. 
Consequently, a set of technical requirements, whether architectural or 
mechanical must be achieved in elevators and refuge areas to ensure a safe 
evacuation. These requirements can be explained and summarized in 
(Table 11), and (Table 12) as follows:

It is noteworthy, to achieve a smart evacuation by using elevators, it must 
be incorporated Emergency Dispatching System (EEDS) for prioritizing the 
fire floor or dispatching elevators from top to bottom, to improve the efficacy 
of elevator-aided evacuation (EAE) [52]. Accordingly, this solution can provide 
a dynamic planning and optimization framework for efficient evacuation 
strategies utilizing smart elevators, ensuring both safety and effectiveness 
during building fire emergencies [53].

Conclusion

gEmergency evacuation in high-rise and super-high-rise buildings is 
a complex and challenging process. Notably, most of these buildings 
are multi-use, as commercial on the ground and first floors, and busi-
ness on the upper floors. Simulation tools can potentially test and 
evaluate alternative scenarios to ensure the safety of evacuation pro-
cedures. This study highlighted the emergency evacuation scenarios 

Table 12. The requirements for the elevators.
The technical requirements Reasons/benefits for use

● Setting positive pressure ventilation in the 
elevator car: this system can be effective, 
because the volume of the elevator car is 
small. Therefore, the air flux required is 
smaller, and thus a small-sized fan can meet 
the requirement [48].

To prevent smoke transmission in the elevator 
car.

● Setting air curtain preventing smoke in front 
of the elevator door: This smoke-preventing 
mechanism effectively blocks smoke intru-
sion through the elevator door [49].

To provide sufficient positive pressure.

● Setting positive pressure ventilation in the 
elevator shaft: According to the 
International Building Code (IBC) and the 
Florida Building Code (FBC), elevator hoist 
ways shall be pressurized to maintain 
a minimum positive pressure of 0.10 inch of 
water (25 Pa) and a maximum positive 
pressure [50].

To pressurize the elevator and stairwell shafts so 
that only positive across-door pressures are 
achieved on all.

● Implementing emergency power supply for 
elevators: This setup enables automatic 
switching between the power sources, 
guaranteeing a continuous and reliable 
power supply for the elevators [51].

To ensure uninterrupted elevator operation 
during a fire, the power supply system of 
elevators should use double circuits power 
sourced from two separate substations or 
power plants.
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and the evacuation egress components in these types of buildings. The 
pathfinder as a simulation tool was applied to analyze the evacuation 
process for two high-rise buildings, and one super-high-rise building 
through simulating seven scenarios. The simulation result for building 1 
(scenario 1, and 2) illustrated that the change of the staircases’ forms to 
two flights and one landing instead of four flights and three landings 
was reduced by the (RSET) by 21.8%. This finding reflected that staircase 
design had a significant impact on the evacuation process. Respectively, 
for building 2 (scenario 3 and 4) the results showed that the use of the 
elevators in scenario (4) reduced the average stairs traffic jams by 73%, 
where normal density of occupants was observed with an average of 
0.75 for all stairs, but the evacuation time was slightly increased by 
10.9%. Likewise, building 3 (scenarios 5, 6, and 7) results indicated that 
scenario (6) achieved the highest (RSET), and the minimum traffic jams 
on the stairs with an average of 12.07s. Continuously, the use of the 
refuge area in scenario (7) reduced the average stairs traffic jams by 
26.9% from scenario (5). Through the results of (scenarios 4, 6, and 7), it 
was clear how the use of the elevators and refuge area in the evacua-
tion process has a significant impact on reducing the density of the 
emergency stairs, therefore deducing the probability of accidents and 
panic resulting from people crowding on stairs in emergency case. 
Sufficiently, further studies are required to address emerging challenges 
in this field. Hence, we can work toward improving high-rise and super- 
high-rise buildings’ safety to reduce the risk of loss of life and property 
in emergency situations.
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