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Abstract 

The adaptability of egress models in simulating various egress components and the 

intricate behavioral processes that may occur makes them appropriate for high-rise 

building evacuations. This research paper emphasizes that while there isn't a single 

model that should be utilized for these kinds of scenarios, using many models to examine 

various egress characteristics can improve the prediction power of evacuation modeling 

methodologies. The tactics used to guarantee occupant safety in tall buildings during a 

fire will be covered in this paper. The life safety policy placed protection first. The 

vertical transit system would be used by residents of high-rise buildings that were close 

to the fire to escape, while residents farther away from the fire would be safe within the 

building. The fire must be maintained contained, and anyone near the fire's source must 

be able to move around the building safely in order to support this approach. The 

proposal required the development of an integrated fire prevention system that included 

specific architectural features that influence the flow of smoke and fire through the 

building. Subsequent investigations and model advancements ought to concentrate on 

examining the effects of staff behaviors, group dynamics, and individuals with 

impairments. More research is necessary to determine how weariness affects evacuation 

because building heights are rising and people's physical abilities are gradually 

declining.    

Keyword: High-Rise Building Evacuation, Human Behaviour in Fire, Egress 

Modelling, Stair Evacuation, Evacuation Elevators, Occupant Relocation Strategies. 

1 INTRODUCTION 

According to the definition of the National Fire Protection Association (NFPA, 2012), 

high-rise buildings are defined as “Buildings greater than 75 feet (approximately 23 m) 

in height where the building height is measured from the lowest level of fire department 

vehicle access to the floor of the highest occupiable story”. Office buildings, residential 
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structures (such as hotels and apartment buildings), and healthcare facilities are the 

primary architectural uses that may be used to classify this sort of building. From the 

perspectives of the people and the infrastructure, each of these categories has unique 

qualities. Therefore, it is essential to analyze the building's function in order to forecast 

potential occupant behavior and create a fire safety design that is suitable [1]. They may 

be used to determine a building's appropriate escape plans as well as to evaluate various 

safety designs. Reviewing the state-of-the-art of the many instruments that are now 

accessible and their suitability for the particular situation of highrise structures is 

therefore necessary. These are some of the issues that require more research to better 

understand how well research models can simulate evacuation scenarios for tall buildings 

[2].  

By the end of the 1970s, safety committees drafting codes were becoming increasingly 

concerned with research on tall structures. The primary topic under analysis at the time 

was exit stair design, which yielded formulae for minimal evacuation times and exit stair 

width. In the 1980s, a lot of work was done in this field. This work is centered on using 

modeling research that takes behavioral elements into account. This made it possible to 

analyze the real evacuation periods of tall buildings by taking into account the residents' 

pre-evacuation activities [3]. 

2 OBJECTIVES  

Safety controls must include workers trained in suitable rescue techniques and adequate 

rescue equipment, as mandated by good design and construction practices. These might 

include equipment for fall rescue, resuscitation, first aid, tripods, and lifting tools for 

moving personnel out of confined locations. The tactics used to guarantee occupant 

safety in tall buildings during a fire will be covered in this paper. Key fire safety systems 

and building elements must be integrated into the life safety strategy. Safe havens, 

creative smoke control, and advanced communication systems are needed in order to 

make sure that building inhabitants who are in danger of fire are relocated to safe areas 

before using vertical transportation for a staged evacuation [4].  

 

Due to their height, extremely tall buildings have strict deadlines for searching for and 

saving occupants, battling fires, and maintaining the structure. It has become clear that 

the overall architecture of a structure affects both firefighting personnel and occupant 
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safety when thinking about fire prevention measures for tall buildings. The life safety 

policy prioritized safety. The vertical transit system would be used by residents of high-

rise buildings closest to the fire to evacuate, while those farther away would remain safe 

within the building. The fire must be contained, and everyone near the fire's source must 

be let to safely navigate the building in order to assist this tactic.According to the plan, 

an integrated fire protection system with certain architectural elements that affect how 

smoke and fire spread throughout the structure must be developed [5]. 

 

The primary aims of this research are to ascertain the behavioral aspects that significantly 

impact individuals' performance in the event of a high-rise building fire, as well as the 

unique characteristics linked to these kinds of structures.  

 

1) To examine the practices and tactics used in high-rise structures at the moment 

(such as phased, complete, and horizontal evacuation methods, among others).  

2) To examine how well the current generation of evacuation models can replicate 

the evacuation of tall buildings.  

3) To make recommendations for topics that future studies should concentrate on to 

increase the security of tall structures.                 

3 Limitations  

This work focuses on using egress modeling to analyze how various egress components 

are used during a high-rise building evacuation. The study focuses on the three most 

prevalent building uses: health care facilities, residential structures (such as hotels and 

apartments), and office buildings. Other applications, such play, preservation, 

assembling, and so on, are possible, and the accompanying behavioral and design issues 

may have unique characteristics. A few limitations on the current project: 

(1) more difficult and costly to plan and construct;  

(2) greater demand on services due to high population density living;  

(3) higher levels of psychological and social stress; and  

(4) more challenging to manage risks and solve crises. 

 

4 STUDY ON APPLICATION OF THE NEW EVACUATION DEVICE 
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The new evacuation gadget operates on a fairly basic concept. Similar to the children's 

park's mono-spiral slide ladder, the new evacuation method is incredibly user-friendly. 

People may slide to the ground floor using only gravity and their own weight, without 

the need for energy or physical strength, or even special manipulation techniques, as long 

as they are sitting or lying down on the slide. Using standard stairways to evacuate from 

buildings a few hundred meters in height requires not just a slower pace and longer 

evacuation time, but also a high degree of physical stamina [6-8]. 

 

4.1 Egress & People Movement  

We cannot expect building residents to use the conventional "means of egress," that 

consist of countless stories of stairs, as buildings get bigger and higher. According to 

projections, descending several flights of stairs might delay the removal of residents, 

create lines and obstructions, and result in injury.  

 

4.2 Smoke Resistant Lift Lobbies  

The spread of smoke via the lift shafts connecting various compartments is lessened by 

the construction of smoke-resistant elevator lobbies. By reducing the fire and smoke 

threat, people on stories far away from the fire may stay there. During the fire floor 

evacuation, the lobby offers a secure refuge for both residents and firefighting workers 

utilizing the elevators. When there is a fire, the lobby must be big enough to fit everyone 

who could use the elevators, with the doors closed to keep smoke out. For the duration 

needed for an evacuation or firefighting search and rescue operation, the lobby must also 

prevent smoke and fire from spreading from the lift shaft floor.  

 

4.3 Intelligent Smoke Detection & Alarm Systems  

In an emergency involving a fire, information is vital. Data from devices like security 

cameras, TVs, and remote field equipment in lobbies would be a useful extra source of 

information to have in case of a fire.  
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Figure 2-Design for movement of smoke detection alarm system. 

 

4.4 Evacuation Procedures  

According to IFC 404, a fire safety and evacuation plan for high-rise structures must be 

created and certified by the fire department before they may be finally occupied. The 

following must be finished before any floor of the building may be used [9-11]:  

(1) Installing permanent automatic sprinkler protection is required for all levels 

below the inhabited floor.  

(2) The inhabited floor and all below floors must have a permanent fire alarm system 

installed.  

(3) Every floor needs to have an elevator recall system installed.  

(4) The backup generator has to be operational.  

(5) The smoke control system has to be operational and fully assembled.  

(6) There must be a valid evacuation and life safety plan in place.  

 

4.5 Phased Evacuation  

Residents from the fire zone may be transferred to a different part of the building that is 

safe from the fire zone during a phased evacuation. Phased evacuation is frequently 

connected to structures that are tall. When a phased evacuation is implemented, many 

notice devices are used. Voice alarms, speakers, and strobes are typically used in 

conjunction with horns and speakers to alert building residents to a planned evacuation. 

People who are occupying the floor where the fire originated, as well as the levels above 

and below, are signaled to leave and are instructed to return four stories below where 



Journal of Critical Reviews  

ISSN- 2394-5125            Vol 7, Issue 11, 2020 

4876 

 

they started [12-14]. High-rise structures must fulfill the following conditions before 

considering phased evacuation: 

(1) Fire Resistant Construction: The structure needs to be fire resistant at the very 

least. Furthermore, the building has to have fire or smoke compartmentation. The 

majority of the compartmentation is accomplished by the design of buildings that 

withstand fire.  

(2) Complete Automatic Sprinkler Protection: Quick response automatic sprinklers 

are required to provide complete protection for the building. Sprinklers are a 

useful tool for controlling fires at an early stage of their spread and for effectively 

triggering the occupant alerting system.  

(3) Fire Alarm System: The system needs to be compliant with the rules. When the 

fire alarm sounds, doors must be unlocked to allow access to inhabited levels 

from the stairway.  

(4) Fire Safety Management: Building management and occupant education are 

crucial while evaluating phased evacuation capability.  

(5) Fire zone limits must match tenant notice zone borders and smoke control domain 

bounds if phased evacuation is to be implemented. To put it another way, 

everyone who lives inside the area at risk of fire must get the same message and 

degree of protection, making the whole fire zone a single zone for occupant 

notice and defence. 

 

Figure 2-Evacuation system. 

4.6 Fire Development & Smoke Spread 

The fire scenarios included in the building's quantified fire and smoke research were 
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developed using an assessment of hazards. A range of fire scenarios inside the 

homeowners, office, and public spheres of the building were taken into consideration in 

order to quantify the fire threat by considering igniting potential, frequency, and severity. 

There are three main forms of "Design fires" that may be categorized: languishing fires, 

blazing flames, and flashover fires. Smoldering flames are not likely way of raising past 

the fire's source since they frequently have poor ventilation and create little heat [20–15]. 

5 ARRANGEMENT OF THE NEW EVACUATION DEVICE IN BUILDINGS 

As shown in Figure 3, the new evacuation device (building floor size is 20) with single 

or dual slides may be installed in high-rise structures in accordance with the construction 

scales to aid in the prompt evacuation of workers from high-rise buildings. Around 200 

people are expected to need to be evacuated from each floor, floors 1 through 5 may be 

evacuated via the shared stairways, floors 5 and higher can use the new exit system, and 

the full evacuation process should take no longer than 30 minutes. The following are the 

calculation rules:  

1) The common evacuating stairs has a minimum width of 1.2 meters and a 

maximum evacuation velocity of 35 passengers per minute, divided into two 

streams of people. 

2) With the exception of the figure in the first line, the maximum number of people 

evacuated indicated in the table is the number of people evacuated through the 

slide. Table 1 displays the construction floors as well as the types and quantities 

of new evacuation devices. 

 

Figure 3-Sketch of smoke control design. 
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Figure 4-Layout of new evacuation slide. 

Table 1-Arrangement of the new evacuation device. 

 Kinds 

construction 

     

 Number of 

rapid 

evacuation 

systems 

 Number of 

evacuation 

stairways  

Max. 

number of 

persons 

evacuated 

Time for 

evacuation 

(min.)  

Evacuation 

flow, max. 

(/min.) 

 Single slide  Dual 

slide 

    

2F- 

5F  

0  0  2  760 6.5  148 

6F- 

10F  

1  0  1  2600  30  120 

11F- 

15F  

2  0  1  6200  30  240 

16F-

20F  

1  1  1  9800  30  360 
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The quantity of elevators found in high-rise structures taller than 200 meters directly 

affects the size of the core tube. It is possible to replace the building's vertical 

transportation system from top to bottom with the New Evacuation Device.  

 

Graph 1-Total no. of people evacuated. 

Its application can reduce costs in the construction and operation of high-rise buildings 

by minimizing the building's core tube area, which also frees up more floor space and 

lessens the demand for elevators. The New Evacuation Device also uses no energy, 

produces no noise, and is pollution-free. It's a fantastic optional piece of equipment for 

green building design because of this. 

6 CONCLUSION 

Ultimately, a novel evacuation system is proposed and developed for the high-rise 

building evacuation. Its main components are a spiral slideway and a shunt valve. People 

spinning may not experience vertigo due to the special spiral slideway structures. A 

protection cushion and shunt valve can be used to safely evacuate people to the outer 

ground level. This device has a simple design and is simple to use. It can replace some 

vertical transit systems and be utilized for emergency evacuation of people of various 

kinds from high-rise structures. Neither human strength nor electricity are needed for it. 

It demonstrates the benefits of lowering the overall project cost, cutting down on the 

number of elevators, and conserving electricity. It is anticipated that the use of this novel 

evacuation technology to high-rise buildings would have some economic benefits in 

addition to solving the global challenge of rapid evacuation for high-rise structures. 

Currently, it's merely a suggestion that has to be justified, and additional research will be 

done to see if the new evacuation equipment can be used in real-world situations. 
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Investigations on the potential inclusion of emergency pauses or exits during the sliding 

portion of the evacuation fall will be explored in future studies.   
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