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Executive Summary  

One in five Canadians over the age of 15 live with a disability and this number is expected to 
grow as our population ages. Additionally, nearly one in 20 children under 15 live with a 
disability. The built environment has become increasingly accessible over the past few decades. 
However, a critical component of accessibility is egressibility, which is the need for individuals 
with disabilities to be evacuated in an emergency. Despite its importance, this need has 
received little attention. Currently, individuals with disabilities are far more likely to be injured 
or killed in emergency situations compared to others. It is important to note that these risks 
extend far beyond those with disabilities to include family members, friends, co-workers, 
caregivers, or others who may find themselves accompanying someone with a disability, as well 
as individuals who are pregnant, or those with small children who may not be able to carry 
them downstairs. 

This report provides a collection of resources that can be used to help provide an equal level of 
life safety for all. These resources were developed following a scoping review of the literature 
from 2002-2021 that describes solutions for evacuating individuals with disabilities from the 
built environment. 

This report includes the following resources: 
 An Egressibility Matrix, which is a table containing evaluations of existing evacuation 

solutions for different combinations of possible impairments an individual may have and 
building types found in our built environment 

 Descriptions of the evacuation solutions shown in the Matrix 
 Possible design and/or implementation considerations for each solution as well as other 

strategies and training methods that may be helpful for preparing for potential 
evacuations 

 Suggestions for future work are provided where appropriate evacuation solutions were 
not found or where promising novel solutions have been developed and need further 
evaluation 

 An Egressibility Assessment Tool, which can be used to assign an egressibility score to 
buildings in the built environment 

 A list of stakeholders who contributed to this work 

We believe these resources will help inform the development of new standards for emergency 
evacuations for individuals with disabilities. 
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1 Introduction   
One in five Canadians over the age of 15 and nearly one in 20 children under 15 live with a 
disability [1, 2]. Disability can result from many forms of impairment, including those that affect 
the physical, cognitive, or sensory systems. The rate of impairment increases with age, which is 
expected to rise as our population ages [3, 4]. While there is no one definition of disability, we 
will use it as a term to encompass an individual’s presenting impairments or limitations and 
their interaction with external barriers that can impact an individual’s involvement in society. 
For the purposes of this report, we use the term “disability” in a general sense to describe 
individuals with impairments, diseases, limitations, or conditions. Thus, the term impairment is 
used to describe the specific challenges experienced within a body system or function (e.g., 
visual or hearing impairment), whereas disability will be used as a more overarching term.  

The built environment has become increasingly accessible over the past few decades. However, 
one critical component of accessibility that remains largely overlooked is egressibility, which is 
the ability for individuals with disabilities to evacuate from the built environment in the event 
of an emergency. A review by the National Research Council of Canada found that surprisingly 
little attention has been given to this issue and the Canadian Commission on Building and Fire 
Codes recently recommended improving requirements on egressibility as a critical target for 
future work [5, 6]. 

The likelihood of injury or death for individuals with disabilities has been found to be eight 
times higher than for able-bodied individuals [7] [8]. It is important to note that these risks 
extend far beyond those with disabilities to include family members, friends, neighbours, co-
workers, caregivers, and others who may find themselves accompanying someone with a 
disability as well as individuals who are pregnant, and those looking after young children who 
would not be able to carry them downstairs [9]. All of us will find ourselves or someone around 
us with some form of disability or other condition/scenario that could make it difficult to 
evacuate in an emergency at some point in our lives [10]. 

One of two general approaches are commonly used to support individuals with disabilities in 
emergencies: (1) Providing specialized solutions to address the specific needs of individuals 
with disabilities (most common today), and (2) universal design solutions that address a 
broader range of human abilities. An example of the first is the use of refuge areas, which are 
spaces where people who cannot evacuate on their own are expected to wait for first 
responders. The September 11, 2001, World Trade Center terrorist attack has highlighted that 
this approach may be counterproductive in some scenarios. In contrast, a universal design 
example is the use of an occupant evacuation elevator (also called a safe elevator) where these 
same individuals would be able to evacuate independently.  
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Existing approaches for emergency evacuation fall short of the ideal set out in the Accessible 
Canada Act, which aims to ensure that individuals with disabilities are enabled to be 
independent, treated with dignity and have an equal level of life safety to the rest of the 
population. In Canada, federal and provincial human rights legislation require safe egress from 
buildings for individuals with disabilities. There are many personal accounts that highlight the 
need for improved egressibility that would benefit not only individuals with disabilities but also 
their caregivers [11].  For example, one daughter said that in case of a fire, she would “roll up 
her bedbound mother in a rug and drag her down the steps” since this would be the only way to 
exit quickly without outside assistance [12]. 

The most recent Canadian evacuation guidelines for individuals with disabilities issued by the 
National Research Council in 2002 provided recommendations for evacuating individuals with 
four types of impairments in the event of a fire: physical, vision, hearing, and cognitive. This 
report noted there had been limited focus on egress solutions for individuals with sensory and 
cognitive impairments [10]. Since the publication of these guidelines is almost two decades ago, 
the need for improved egressibility has grown. Canada’s aging population is living longer while 
managing more numerous and complex medical conditions at home and more serious levels of 
disability are happening in these later stages of life [13]. The proportions of our population with 
hearing and vision impairment are 21% and 24% respectively, which is more than double the 
estimates from 20 years ago [14].  As many as 15% of older adults may be dependent on 
electrically powered medical devices that may be at risk in a power [15] outage and more than 
80% of those with impairments require assistive devices (e.g., wheelchairs, walkers, canes) [16]. 
Recent trends show increased use of powered mobility devices such as powered wheelchairs 
and scooters [17], which are typically larger than unpowered versions and take up more space 
during emergency evacuations [18]. Power wheelchair users report their devices to weigh close 
to 300 pounds, making their ability to be transported downstairs difficult [19]. In many cases, 
these devices are left behind during emergency evacuations, rendering the individual with 
disability with a loss of mobility and independence [19]. There have also been 
technological/methodological advancements in evacuation strategies and preparedness 
training that should be considered in emergency evacuation planning [20]. Finally, existing 
egressibility guidelines focus mainly on evacuation during fires but should be broadened to 
include a range of possible emergencies including terrorist attacks [21], floods [22], 
earthquakes and blackouts that may require different responses. 
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2 Overview 
The objective of this report is to provide a set of resources that can be used to revise existing 
egressibility guidelines, to create new standards, and to highlight gaps where future work is 
needed to improve egressibility of the built environment. 

At the core of this report is our Egressibility Matrix. This table lists specific impairments 
individuals may have along the left side and building types found in our built environment along 
the top and defines a comprehensive set of egress challenges that need to be addressed in the 
built environment. Existing egress solutions are systematically evaluated for each combination 
of impairment and building type. 

Chapter 3 provides an overview of the methodology used to collect information for this project. 
Chapter 4 provides an overview of the Matrix and Chapter 5 presents the Matrix in its entirety. 
Chapter 6 provides descriptions of existing solutions that were identified in the Matrix and 
Chapter 7 discusses possible design and/or implementation considerations for select solutions. 
Chapters 8 & 9 consider training programs and strategies (respectively) that can be used to 
improve egressibility and emergency preparedness. Chapter 10 provides recommendations for 
future work where appropriate evacuation solutions were either not found or are currently in 
the developmental stage. An Egressibility Assessment Tool is provided in Chapter 11. This tool is 
designed to be used to assign an egressibility score to buildings in the built environment. 
Chapter 12 contains a glossary of terms used for this report. Finally, Chapter 13 provides a list of 
stakeholders who contributed to this work. 

These resources are intended to be used primarily by policy makers developing new guidelines 
and/or standards for improving egressibility of the built environment. However, we also 
envision there may be others who may also find value in these materials, such as: 

 Building developers, engineers, and architects may find these resources useful to 
guide the construction of new buildings or the renovations of existing buildings 

 Building managers or occupants who want to prepare for emergencies 
 Members of the public with or without disabilities who want to understand existing 

best-practices or advocate for better egressibility.  
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3 Methods 
The resources provided in this report were developed by our multidisciplinary team (consisting 
of engineers, designers, scientists, and rehabilitation specialists) based on the results of: 

 A rapid review of online sources (a series of Google searches using combinations of key 
words including “evacuation”, “disability”, “emergency”, “impairment”, etc.) 

 A scoping review of the peer reviewed literature on evacuation solutions for individuals 
with disabilities. The objective of the scoping review was to capture and evaluate 
research on strategies and technologies for evacuating individuals with functional 
limitations from the built environment. The specific research question this scoping 
review addressed was: What solutions have been reported that enable safe evacuation 
from the built environment for individuals with disabilities? 

The scoping review protocol was registered with the Open Science Framework 
(registration ID: osf.io/jefgy) and was undertaken in accordance with the Preferred 
Reporting Items for Systematic Review and Meta-Analysis Protocols (PRISMA-P) 
statement [23]. The review followed the Arksey and O’Malley six-stage methodological 
framework for scoping reviews [24]: (1) identifying the research question; (2) identifying 
relevant studies; (3) study selection; (4) charting the data; (5) collating, summarising, 
and reporting the results; and (6) consulting with stakeholders. It was also be guided by 
studies that improved this framework [25, 26] and by the Joanna Briggs Institute 
Methodology for JBI Scoping Reviews [27].  
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4 Overview of the Egressibility Matrix 
This chapter introduces the Egressibility Matrix which can be found in its entirety in Chapter 5. 
The matrix is a table listing the possible impairments an individual may have along the vertical 
axis on the left side of the table and building types found in our built environment across the 
top of the table. Together these features define a comprehensive set of evacuation solutions 
that are needed to ensure individuals with disabilities can be evacuated safely in the event of 
an emergency. Figure 1 shows a sample section of the Matrix describing the egressibility needs 
and solutions associated with high rise buildings.  

The solutions in the Matrix are divided into three categories: Notification, Wayfinding and 
Egress. Under each building type heading, each solution is evaluated for its Simplicity, 
Affordability, Safety and Usability for specific impairment types that can result in disability on a 
scale of 0 to 4. The following sections in this chapter describe the sections that make up the 
Matrix in greater detail. 

Please note the screen-reader-accessible version of this report divides the Matrix as a series of 
lists with a separate list for each building type, and the heading hierarchy corresponding to the 
rows of the table. 
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Figure 1: A sample section of the Egressibility Matrix for High Rise buildings 
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The left side of our Matrix begins with a list of impairments along the vertical axis (as seen in 
Figure 2) that has been adapted from the Canadian Survey on Disability, 2012 [28, 29]. The left 
most Category column divides impairments into physical, sensory, or cognitive groups. The next 
column, Type of Impairment, divides these three broad categories into smaller groups based on 
key characteristics that can help to determine the range of evacuation solutions that may be 
appropriate for an individual with a particular impairment (e.g., wheelchair users and cane 
users both have physical impairments but are likely to benefit from different evacuation 
solutions). 

 

Figure 2: Categories and types of impairment in the Matrix 

It is important to note that many individuals are likely to have multiple impairments. For 
example, it is not unusual for older adults to have a combination of mobility, seeing and hearing 
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impairment. These impairments individually or in combination can thus result in disability. The 
following sections provide more detailed descriptions of each impairment category/sub-
category. 

 

Physical impairments include those that are movement related and include mobility, range of 
motion, and dexterity impairments. This category is further subdivided into ambulatory and 
non-ambulatory impairments. Individuals with ambulatory impairments are those who can walk 
but may require assistive devices such as canes, crutches, or walkers. People who are non-
ambulatory may require the use of mobility devices such as wheelchairs or power scooters 
while others may be bed-bound. Scooter users are often able to walk short distances when 
needed but wheelchair users are likely to be less able to walk. 

 

Figure 3: The physical impairment sub-category in the Matrix 

 

Sensory impairments include a range of seeing and hearing impairments.  

Seeing impairments include an altered ability to sense light or the details of a visual stimuli 
including color, shape, and size [30]. Even among those considered “legally blind,” most still 
maintain some visual perception. Those that do not have other forms of impairment and are 
familiar with their environment are normally able to evacuate without problems. However, in 
unfamiliar settings, individuals with seeing impairments may require support. They are more 
likely to rely on their hearing, but loud alarm noises can limit their ability to orient themselves 
based on ambient sounds. 

Hearing impairments include an altered ability to sense sound or differentiate the location, 
pitch, or volume of a sound [30]. Individuals with hearing impairments may choose to identify 
at Deaf (beginning with upper-case D) or deaf (beginning with lower-case d). Deaf (beginning 
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with upper-case D) is a sociological term and represents individuals who have a medical 
diagnosis of being deaf or hard of hearing and who associate themselves with the Deaf culture. 
In contrast, deaf (beginning with lower-case d) is a medical term that represents individuals 
who for the most part do not have functional hearing and do not identify with the Deaf society 
[31]. It is common for older adults to have age-related hearing loss affecting frequencies above 
2000 Hz while maintaining hearing at 500 Hz or less.  

 

Figure 4: The sensory impairment sub-category in the Matrix 

 

Cognitive impairments include impairments with functions within the brain including “global 
mental functions such as consciousness, energy and drive, and specific mental functions, such 
as memory, language and calculation mental functions” [30]. 

Individuals with severe cognitive impairment are likely to be under supervision/care [10]. There 
is evidence that individuals with mental illness are less likely to be prepared for an emergency 
and to have an evacuation plan [32]. 

 

Figure 5: The cognitive/mental health impairment sub-category in the Matrix  

 

Communication & speech impairments can include impaired ability to produce sounds and 
speech [30]. This can also include individuals who have difficulty producing speech. These 
impairments are not included within the matrix, as no existing solutions were identified in the 
literature for this population. However, a potential strategy to use for this population has been 
developed and can be found in Chapter 9.   

 
There are six building types that are described in the Matrix: 

 Mixed use buildings 
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 Healthcare 
 Residential 
 Commercial 
 Industrial 
 Educational 

These building categories were identified based on their differences in construction and needs 
during an emergency evacuation. Building types are displayed along the top (horizontal axis) of 
the Matrix and are described in more detail below. 

Retirement: Retirement homes are classified as their own building type largely because of the 
demographics of residents. Residents can be older adults, or individuals with disabilities who 
use assistive devices.  For example, the CSA B651-12 Accessible Design For The Built 
Environment standard calls for there to be enough space on the landing of a stairwell to create 
a refuge area for two individuals using wheeled mobility devices [33]. However, these standards 
may not be sufficient to meet the needs of occupants of retirement home in an emergency.    

Healthcare: Healthcare buildings consist of hospitals in both city and rural settings, private 
medical clinics, and long-term care homes. These buildings hold individuals with a range of 
medical conditions, which can impact the individuals’ ability to safely evacuate from a building 
without support from another person or specialized medical equipment. To accommodate this 
wide variety of patient populations, design considerations and evacuation solutions may be 
specific to this building type. For example, a design consideration for a respiratory care unit in a 
hospital include larger door widths or arranging for non-ambulatory patients to be closest to an 
exit path [34]. Solutions focusing on evacuating healthcare buildings must consider the unique 
setting and resources. For example, healthcare facilities frequently conduct horizontal 
evacuation of patients (evacuation of individuals to different areas on the same floor). Installing 
fire doors throughout different sections of the building is an effective means to stop the spread 
of fires during horizontal evacuation [35]. Solutions for these settings can also consider that 
staff are present to help with evacuations but should consider cases where lower staffing levels 
may be present (at night or if units are short-staffed or other reasons). 

Mixed use buildings: These buildings include a combination of residential and commercial units 
where each building type is described by its number of stories [36]. We have divided this 
building type into four categories: 1) single story (1 level) 2) low rise (2-4 levels) 3) mid-rise (5-
11 levels) and 4) high-rise buildings (11+ levels) [36] as the available evacuation solutions differ 
depending on the height of the building. For example, evacuation chutes are better served for 
multi-story buildings as opposed to single story buildings. Examples of mixed-use buildings 
include residential condominiums and apartments.  
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Commercial: Commercial properties include underground buildings (e.g., subways, 
underground parking, etc.), shopping malls, and airports.  

Industrial: Industrial facilities include manufacturing and power generation facilities. The 
Canadian Occupational Health and Safety Regulation outlines emergency evacuation plans, 
inspections, and training for industrial buildings [37]. These guidelines may not be applicable to 
other building types (e.g., single family homes), thus the evacuation strategies may differ.  

Educational: Educational buildings include daycares, elementary and secondary schools, and 
universities. These institutions have different building requirements as compared to other 
building types. For example, under the Ontario Building Code, elementary and secondary 
schools are required to have a “single stage” fire alarm system (with the exception of special 
needs schools), whereas a “single or two stage system” is needed in a building with three 
stories or less. This represents an example where evacuation solutions may differ between 
educational and other building types, demonstrating the need to consider solutions specific to 
this setting [38].  

 
Solutions were evaluated based on four criteria: (1) simplicity, (2) affordability, (3) safety, and 
(4) usability. These criteria were chosen by team consensus, their impact on the feasibility of 
implementation, and importance to various stakeholders.  

Each cell within the matrix provides a ranking of each solution. Rankings are based on how a 
given solution compares to the other solutions within a category. Weighting scales were 
finalized via an iterative process by working in conjunction with the following stakeholders: 
individuals with disabilities as well as their caregivers, first responders, and other experts in the 
field. The literature was searched for the basic criteria of these solutions.  

Within each ranking category, sub-categories exist. For example, within the cost ranking 
category, three sub-categories exist including: Purchase Cost, Operation Cost and Maintenance 
or Inspection Cost. Each sub-category is ranked on a 5-point scale, from 0 to 4. These scores are 
represented by a circle with varying amounts of shading as shown in Figure 6. Fully shaded 
circles represent solutions that are most favourable within a specific category and represents a 
score of 4. Unshaded circles represent solutions that are the least favorable and corresponds to 
a score of 0.  
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To help with understanding how solutions were weighted and ranked, we will use the examples 
of a) an evacuation sled and b) using the stairs. Both are evaluated within a high-rise building. 

 

Our simplicity rating was based on two factors: 
 How much time it takes to set up the solution: 50% of total category weighting 
 How much training was required before an individual could use the solution: 50% of 

total category weighting 

Evacuation sled example: 
 Set up time was given a ranking of 2 (an individual must be strapped into the sled 

securely before descent) 
 Training during use was given a ranking of 2 (some level of training will be required to 

teach individuals how to use the sled safely).  

The simplicity rating for the evacuation sled: 2 out of 4. 

Stairs example: 
 Set up time was given a ranking of 4 (the stairs already exist in a building and require no 

set-up) 
 Training during use was given a ranking of 4 (stairs are very straight forward to use and 

usually do not require training).  

The simplicity rating for the stairs: 4 out of 4. 

 

Our affordability rating was based on three costs: 
 Purchase Cost: 33% of total category weighting 
 Operation Cost (electricity, water etc.): 33% of total category weighting 
 Maintenance and Inspection Cost: 33% of total category weighting 

Evacuation sled example:  

Figure 6: Least to most favourable for respective ranking category 
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 The purchase cost is given a ranking of 2 (slight cost associated with purchasing an 
evacuation sled, but still not a low cost) 

 The operation cost is given a ranking of 2 (slight operation cost from using an evacuation 
sled since it requires 2 responders) 

 The maintenance or inspection cost is given a ranking of 2 (slight periodic inspection 
cost to make sure the sled is still usable, but still not cost free) 

The affordability rating for the evacuation sled: 2 out of 4.  

Stairs example:  
 The purchase cost is given a ranking of 4 (stairs are built into a building by code and 

require no added costs) 
 The operation cost is given a ranking of 4 (no additional operation costs are necessary 

with use of stairs during an evacuation) 
 The maintenance or inspection cost is given a ranking of 4 (stairs require little to no 

maintenance) 

The affordability rating for the stairs: 4 out of 4.  

 

Safety is broken down into two sub-categories: 
 Safety for Emergency Responder: 50% of total category weighting 
 Safety for Evacuee: 50% of total category weighting 

Evacuation sled example: 
 Safety for emergency responder was given a ranking of 2 (the emergency responder will 

be bearing loads during the set up and usage of the sled which could potentially cause 
injury) 

 Safety for evacuee was given a ranking of 2 (while the sled is generally safer than other 
solutions, there is still some general risk of injury to the evacuee if the sled is used 
incorrectly) 

The safety rating for the evacuation sled: 2 out of 4. 
Stairs example: 

 Safety for emergency responder was given a ranking of 4 (stairs generally do not pose 
any safety concerns for emergency responders during an evacuation) 

 Safety for evacuee was given a ranking of 4 (stairs generally do not pose any safety 
concerns for evacuees) 

The safety rating for the stairs: 4 out of 4. 
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Usability is broken down into four sub-categories: 
 Time Consumption During Activity: 25% of total category weighting 
 Reusability: 25% of total category weighting 
 Dependency on Power: 25% of total category weighting 
 Likelihood of User Error: 25% of total category weighting 

Evacuation sled example: 

 Time consumption during activity is given a ranking of -0 (there is more time 
consumption to use the sled, decreasing its overall usability) 

 Reusability is given a ranking of 4 (evacuation sleds are made to be durable and last 
long) 

 Dependency on power is given a ranking of 4 (no external or internal power 
requirements are necessary) 

 Likelihood of user error is given a ranking of 0 (users may make an error while strapping 
an evacuee on or accidentally dropping the sled)  

The usability rating for the evacuation sled: 2 out of 4.  

Stairs example: 

 Time consumption during activity is given a ranking of 1 (in a high-rise building, stairs 
will be a slower method to descend) 

 Reusability is given a ranking of 4 (stairs will continue to exist after the emergency, 
unless, for example, they are destroyed during a fire) 

 Dependency on power is given a ranking of 4 (no external or internal power 
requirements are necessary) 

 Likelihood of user error is given a ranking of 1 (users may trip or fall on the stairs)  

The usability rating for the stairs: 3 out of 4.  
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5 Egressibility Matrix 

The sections of the full Matrix, broken down by building type, can be seen in the following 
pages. A link to an accessible version of this matrix can be found here: 
https://engineeringhealth.ca/projects/evacuations/  
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Table 1: Egress matrix, high rise buildings 
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Table 2: Egress Matrix, mid rise buildings 
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Table 3: Egress matrix, low rise buildings 
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Table 4: Egress matrix, single storey buildings 
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Table 5: Egress matrix, hospitals 
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Table 6: Egress matrix, clinics 
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Table 7: Egress matrix, long term care homes 
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Table 8: Egress matrix, retirement homes 
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Table 9: Egress matrix, venues & arenas 
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Table 10: Egress matrix, underground buildings 
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Table 11: Egress matrix, airports 
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Table 12: Egress matrix, manufacturing and power generation facilities 
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Table 13: Egress matrix, schools 
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Table 14: Egress matrix, daycares 
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Table 15: Egress matrix, universities and colleges 
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6 Solutions 
Egressibility solutions that are either commercially available or are in existing use have been 
included in the Matrix. To safely evacuate an individual in an emergency, the individual needs 
to: 

1) Be notified that there is an emergency (Notification) 
2) Determine where an exit is located (Wayfinding) 
3) Exit the building (Egress) 

Therefore, we have listed each solution in the Matrix under one of these three solution 
categories.  

 
Notification solutions alert individuals of the presence and type of emergency that is occurring. 
Table 16 summarizes notification solutions that are appropriate for each type of impairments. 

Table 16: Mapping out notification solutions against the type of impairment that they facilitate better egress for 

Type of Impairment 

So
lu

tio
ns

 

 All Physical 
Impairments 

Non-ambulatory 
Impairments 

Ambulatory 
Impairments 

Hearing Seeing Deafblind All sensory 
Impairments 

Learning, Developmental, 
Memory and Mental 

Health Related Conditions 

Audible 
Alarm  

X    X    

Broadcast 
Message 

X    X    

Strobe 
Lights 

   X     

Vibrating 
Alarm 

   X  X   

Lockbox        X 

 

Audible alarms provide building occupants with audible feedback or an indication of a potential 
emergency. Audible alarms are best used for individuals with all physical or seeing impairments. 
The effectiveness of this solution for individuals with hearing impairments is dependent on the 
severity of the individual’s impairment.  

For example, smoke alarms may not be suitable for individuals with moderate to severe hearing 
impairments as the alarms generally emit signals in the mid to high frequencies. These mid to 
high frequencies are common amongst most commercially available smoke detectors [39]. 
Thus, this poses the risk of delays in the response time of individuals with hearing impairments 
[7] and highlights the importance of considering alternative evacuation solutions for this 
population.  
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Types of audible alarms:  

 Bells: most common signal device, commonly used as fire alarms in schools/office 
buildings 

 Horns: immediately attracts people’s attention by its loud distinctive sound  
 Sirens: produces distinct sound that initiates a site-wide evacuation 

Recommendations for design and placement of audible alarms: 

 Most residential smoke detectors emit high frequency signals, typically 3100 Hz or 
higher, which places individuals with hearing loss at risk for not waking to an alarm 
while sleeping [39]. The frequency of audible alarms should be between 400 to 520 
Hz low frequency square wave to allow for the sounds to be more detectable by 
individuals with moderate hearing impairments [38]. 

 A study performed by Vanderkooy (2002) concluded that audible alarm signals are 
altered by intervening walls or doors causing the signal to fall in the range of sounds 
associated with hearing loss [40]. Vanderkooy recommended:  

o The frequency of audible alarms changes to become more detectable 
regardless of obstructions present in the built environment, or 

o The alarm should be located where the built environment would not obstruct 
the signal, as seen in Figure 7 below.  

 

Figure 7: Sound waves are obstructed by the walls that separate the source from the receiver [41] 

 

Broadcast messages are intended to notify building occupants to evacuate immediately. While 
broadcast messages are essential for those who have visual impairments, they are also useful 
for all occupants in high-rise buildings [42].  

Broadcast messages can be sent in various ways, such as smartphones, computers, and 
televisions. For example, broadcast messages sent through televisions can be effective for the 
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safe evacuation of older adults who may not have a computer or smartphone during natural 
disasters such as landslides [43]. 

Recommendations for design of broadcast alarms/messages follow similar recommendations as 
Section 4.1.1 Audible Alarms.  

 

Strobe lights can both direct the building occupants’ attention toward the exit signs in the event 
of an evacuation or notify building occupants that an emergency is taking place [44]. For 
example, green often signals go or safety, while red often signals stop or danger. Emergency 
exits that are equipped with flashing lights or strobe lights are chosen more frequently than 
ordinary emergency exits. 

Strobe lights can be effective for notifying individuals with hearing impairments that an 
emergency is taking place. Since this group rely on visual feedback, optimizing the placement of 
strobe lights within apartments, shared spaces and hallways is crucial. For example, if a strobe 
light is only placed near the entrance of an apartment unit, an individual with a hearing 
impairment may not see the flashing lights in their bedroom. In this situation, the strobe lights 
should be present in multiple spaces within an apartment.   

Recommendations for design and placement of strobe lights: 

 Optimize placement of strobe lights to notify occupants in various parts of a 
building, as well as within various areas of a specific unit.  

 Use certified strobe lights that meet U.L. Standard 1971 designed specifically for 
individuals with hearing impairments [28].  

 Combine strobe lights with smoke alarms to provide both visual and auditory 
feedback [29].  

 Equip all emergency exits with strobe lights in addition to evacuation signage.  

 

Vibrating alarms can be used for deafblind individuals who live with seeing and hearing 
impairments or are Deaf/deaf and blind [45]. These systems operate through transmitters using 
a range of settings to alert the user of callers at the door, a ringing telephone or activated 
smoke alarms [46]. Vibrating alarms also notify deafblind individuals that an emergency is 
taking place and that there is an immediate need for evacuation. The following are examples of 
vibrating alarms: 

 Visit Alert System/Pager: A wireless system that alerts the individual of an emergency 
via a vibrating pager clipped to their clothing or carried in their pocket. This can be used 
with most security systems and smoke alarms [46]. 
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 Pillow and shakers: These are placed under the pillows at night and are also connected 
to security systems and alarms to alert individuals [46]. Both the bed and pillow shakers 
were much more effective at waking adults with seeing/hearing impairments, 84% woke 
up who were in the hard of hearing group [45] 

 Smoke alarms: A vibrating alert system might be coupled with a smoke alarm to notify 
residents that there is an immediate need for evacuation [46]. 

Recommendations for the design of vibrating alarms:  
 Integrate vibrating alarms with overall building alert systems 
 Make vibrating alarms accessible (e.g., building lobby, shared offices, cafeteria, building 

hallways) 
 Design vibrating alarms that are portable and easy to carry by older adults or individuals 

with disabilities 
 Make vibrating alarms waterproof and easy to charge and maintain 

 

A lockbox is a small wall mounted safe that contains a list of individuals who may need support 
in the event of an emergency along with keys or fobs to allow first responders to move freely 
through a building during emergencies. This allows for quick access through buildings, 
minimizing injuries and avoiding forced entry damages [47]. The lockbox program has been 
successfully implemented in buildings in North America. 

Recommendations for the design and placement of lockboxes: 
 Place lockboxes outside residential units as well as shared spaces with lockable doors 

(e.g., apartment/condominium units, shared offices, lunchrooms, recreational spaces) 
 Clearly mark lockboxes to indicate their use for first responders only.  
 Design lockboxes with durable material to last long and to survive damage from the 

elements (e.g., fire or water) 
 Avoid using powered lockboxes if no power can be supplied to the lockboxes during an 

outage or emergency 

 
Wayfinding is the process of guiding individuals through a physical environment and providing 
building occupants with a better understanding of the space [48]. It is intended for the building 
occupants to receive proper information about paths to be used, in the most simple and clear 
way to reduce wrong behavioral choices and building egress time as much as possible [49]. 
Some examples of these systems include signage, floorplans, and Public Address (PA) systems. 
Effective design of wayfinding systems is critical during a building evacuation because time is of 
the utmost importance. Therefore, eliminating barriers in the built environment is crucial to 
increasing safe evacuations. For example, having a simple building design can help individuals 



   
 

35 
 

with visual impairments create a mental map of space and overcome issues with orientation 
[7]. Table 17 summarizes wayfinding solutions that are appropriate for type of impairments.  

Table 17: Mapping out wayfinding solutions against the type of impairment that they facilitate better egress for 

Type of Impairment 

So
lu

tio
ns

 

 All Physical 
Impairments 

Non-
ambulatory 

Impairments 

Ambulatory 
Impairments 

Hearing Seeing Deafblind All Sensory 
Impairments 

Learning, 
Developmental, Memory 

and Mental Health 
Related Conditions 

Evacuation 
Signs  

X   X    X 

Floorplans X   X    X 

Alarm/PA 
System 

    X    

Directional 
Sounder 

    X    

Tactile & 
Braille Maps 

    X X   

Buddy System        X 

 

 

Evacuation signs are used to guide building occupants toward the exits or areas of refuge. 
These signs must be designed with the end users in mind and should indicate the accessible exit 
routes on all floors, rooms, and staircases [50]. For example, accessible signs should include 
alternative Braille or tactile characters for those who have visual impairments [50]. Moreover, 
buildings with more complexities (e.g., areas of refuge) should provide extensive signage to 
describe their floor plans. Studies suggest that individuals with disabilities may not be aware of 
the presence of an area of refuge, and therefore signage is a key design feature for locating and 
identifying the areas of refuge [51]. 

Recommendations and examples for design and placement of evacuation signs: 

 Increase the size of the signage 
 Provide contrast to the background environment using colour, pictorial symbols 

and/or strobe lights 
 Written text and/or pictorial symbols should be legible 
 Use appropriate colour schemes. Signage incorporating “green” represents safe 

actions while signage incorporating “red” represents dangerous actions [52]. 
 Use well established pictograms with clear messages such as the International 

Symbol of Accessibility [53]. 
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Figure 8: Emergency evacuation chair/sled sign in a 
building [54].  

 

 
 

 
Figure 9: Evacuation signs in an airport [55]. 

 

While signs are traditionally thought of as plates/posters that hang from ceilings or are 
attached to walls, Bernardini et al. have proposed a robust wayfinding signage system using a 
series of photo-luminescent adhesive tiles and strips that can be applied on floors, stairs or any 
path that leads an individual to safely evacuate from the built environment [49]. These photo-
luminescent materials (PLM) do not rely on any external power source and can be used by 
building occupants during power outages and black-out conditions [49]. The figure below shows 
the uses of the PLM strips and tiles. 

 

Figure 10: PLM adhesive strips along stairs as well as walking paths are visible in low light conditions [49]. 
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Individuals with hearing impairments will often rely on their sight to understand their 
environment during an evacuation. Moreover, individuals with cognitive impairments linked to 
neurodegenerative disorders (e.g., Alzheimer’s disease) may have more difficulty memorizing 
space, orientation, and wayfinding, thus making evacuations challenging [7]. Studies have 
shown that receiving a floorplan of a building before navigating the environment generated 
better performance than when no instructions or floorplans are shown [56]. Thus, it is vital to 
first design simple floorplans and provide copies to building occupants and emergency building 
managers to assist in a timely evacuation.  

Recommendations for improved floorplan design include [50, 57]: 

 Simple layout 
 Show location of all main doors and exits 
 Show location of fire protection equipment and evacuation devices 
 A list of all at-risk building occupants and their usual location (specific floor plans for 

emergency managers) 
 Arrows and use of colour (i.e., green representing safe, red representing danger and 

black for other symbols/text) 
 A clear legend is present 
 “You are here” indicator 

 

Figure 11: Simple Floorplan design [58]. 

 

Alarms and Public Address (PA) systems consist of a distinct alarm sound accompanied by a 
spoken or recorded voice that guides building occupants to safety. For individuals with visual 
impairments, this system can be particularly useful for facilitating the evacuation program. For 
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example, placing a speaker over a stairwell door that repeats the words “Use this Exit to 
Evacuate the Building” can help individuals with visual impairments find the nearest exit. This 
system can also help individuals with cognitive impairments by providing them with a clearer 
understanding of the emergency thus allowing them to respond timelier.  

Recommendations for the design of PA systems: 

 Use clear, concise language 
 Use high quality speakers for improving voice clarity and recognition 
 Place speakers at points of interest (i.e., exit doors, stairwells, areas of refuge) 

 

Directional sound is a more recent technology that can be used to improve wayfinding within a 
building [59]. By using broadband sound containing a range of both lower and higher 
frequencies, a directional sounder placed near an exit can be used alongside other notification 
solutions (e.g., audible alarms). Users can then instantly pinpoint where the sound is coming 
from and locate the exit. The range of frequencies used by the directional sounder does not 
interfere with the sounds from an alarm within a building.  

Recommendations for the design of directional sounders: 

 Install directional sounders near the exits of a building 
 Use directional sounders as an add on for navigation solutions within a building rather 

than a replacement for audible alarms  

 

Tactile maps and surfaces make information accessible for individuals with visual impairments. 
These include walls and tactile surfaces [7]. Braille Literacy Canada’s Accessible Signage 
Guidelines recommend that all signs and maps contain both Braille and raised print to allow 
those with visual impairments (including deafblind or blind) to access information quickly [60].     
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Figure 12: Example of a Braille and raised print floor plan [61]. 

Recommendations for designing tactile maps and surfaces: 

 Use tactile/raised print on emergency doors and exits as well as on stair landing 
handrails to allow identification of floors  

 Use tactile/raised print on emergency evacuation instructions. 
 Place at-least one tactile/raised print map on each floor 
 Use materials which can be cleaned easily and are long lasting – cardboard and 

adhesive braille should be avoided 
 Tactile maps can be combined with Braille text to improve access to information [62] 

 

Individuals with cognitive impairments which include memory, attention and comprehension 
difficulties may rely on others to help them safely evacuate from a building [57]. This group can 
hear and see emergency evacuation alarms, sounds, and lights, but may not be able to 
recognize the need for evacuation. Thus, creating a buddy system for individuals with cognitive 
impairments is the most effective solution [63]. With the buddy system, friends or rescuers aid 
the individual who cannot evacuate independently [57]. Careful preparedness planning in close 
consultation with a buddy can result in a higher degree of preparedness [64]. In the event of an 
alarm or emergency, the buddy and the individual requiring assistance meet at a pre-arranged 
location [57]. The buddy can either help the individual evacuate or they can wait at the nearest 
area of refuge for emergency personnel to provide assistance [57]. Alternatively, building 
emergency managers must be aware of the location of individuals with cognitive impairments 
to assist them with a safe evacuation in the event of an emergency.  

Recommendations when selecting people for the buddy system: 
 Select a buddy that the individual with cognitive impairments is familiar and 

comfortable with.  
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 Develop a backup plan for a secondary or a tertiary buddy in case the first buddy 
becomes unavailable during the time of emergency [64]. This is particularly important 
following the COVID-19 pandemic in both residential buildings as well as workplaces 
where individuals may be following hybrid work schedules where most days individuals 
work from home but occasionally work from the office 

 Provide special training or skills necessary during emergency evacuations  
 Select someone who knows where the areas of refuge are located [57] 

 
Egress solutions help individuals with disabilities exit the building on their own, with the help of 
assistive devices, or assistance from others [63]. Table 18 summarizes the evacuation solutions 
we have identified for egress. Each of these solutions falls into one of two categories [65]: 
Protect-in-place and Everybody-out. 
Protect-in-place: Individuals that are unable to use the stairs independently will move to a 
refuge area (that is designed to be fire-safe and smoke-safe) in the building to wait until first 
responders can assist them. 
Everybody-out: Immediate evacuation of the full building or the floors where the occupants 
could be affected. Individuals that are unable to use the stairs would need to be able to use an 
occupant evacuation elevator or be transported down the stairs.  
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Table 18: Mapping out egress solutions against the type of impairment that they facilitate better egress for 

Type of Impairment 

So
lu

tio
ns

 

 All All physical 
impairments 

Non-
ambulatory 

Impairments 

Ambulatory 
Impairments 

Hearing Seeing Deafblind All sensory 
Impairments 

Learning, 
Developmental, 

Memory and Mental 
Health Related 

Conditions 

Moving Walkway  X         

Ramps* X         

Internal Evacuation 
Slide 

X         

External Evacuation 
Slide 

X         

Internal Evacuation 
Chute* 

X         

External Evacuation 
Chute 

X         

Evacuation Sled   X       

Evacuation Mattress   X       

Hospital Beds   X       

Carry Chair   X       

Evacuation Chair   X       

Rescue Seat   X       

Simple Strap   X       

Infant Evacuation 
Vest 

  X       

Rescue Sheet   X       

Stretcher   X       

Ski Sheet   X       

Firefighter’s Carry   X       

Fire Elevator   X X      

Occupant Evacuation 
Elevator 

  X       

Area of Refuge   X X      

Firetruck Ladder   X X      

Stairs    X    X X 

 

 

Moving walkways are used to transport people across an inclined or horizontal plane over a 
certain distance [66]. Similar to escalators, moving walkways using a conveyor belt system are 
approximately three to four feet wide. They are most frequently used in airports to improve 
public movement and directional crowd control but have also been used in shopping malls [67]. 
Moving walkways can be an effective tool to decrease evacuation time for individuals with and 
without disabilities because it allows the individual to move without needing to exert physical 
energy.  

Recommendations when designing moving walkways: 



   
 

42 
 

 During emergencies, turn off moving walkways that bring people closer to the 
emergency. For example, design a system that detects where the emergency is taking 
place and automatically turns off moving walkways that bring individuals closer to the 
emergency 

 

Ramp evacuations are considered a type of vertical transportation which can occasionally be 
more effective than emergency staircases during an emergency [68]. A ramp is an inclined 
plane installed in addition to or instead of stairs [69]. These ramps enhance access not only to 
people with ambulatory and non-ambulatory impairments, but it allows for individuals with 
sensory and cognitive impairments to egress safely. To improve the skills of rescuers during the 
evacuation condition, it is necessary to give the rescuers training in evacuation simulations on a 
regular basis [68]. Adopting ramps in hospitals and long-term care homes amongst other 
building types may be beneficial given that evacuations tend to be more challenging, and 
evacuation times slower [68]. This is due to the multitude of patient populations that need help 
from other people (e.g., health officers) for a safe evacuation in an emergency [68].  

Recommendations when designing ramps: 

 Handrails are available on one or both sides, as seen in Figure 13 and Figure 14. 
 The minimum widths and maximum slopes must be carefully designed in accordance 

with the jurisdictions guidelines that are available [69]. 
 The surface of the ramp must be slip resistant to avoid any catastrophic injuries in the 

event of evacuation 
 

 
Figure 13:  Indoor ramps available in 

residential/commercial buildings [70]. 

 

 
Figure 14:  Indoor ramps available in a hospital [69]. 
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An internal evacuation slide is a rapid evacuation system used to evacuate individuals from mid 
to high rise buildings. This lightweight slide made from aluminum can allow descending one 
story in about two to three seconds [71].  

 

Figure 15: Internal evacuation slide designed in by Zhou 
Miaorong in China. 

 
Figure 16: The slide can be folded up when not in use. 

The system shown above is currently patent pending, however, similar systems do exist on the 
market for various applications, such as quick descent slides in offices [72].  

 

An external evacuation slide is a rapid evacuation system used to evacuate individuals from low 
rise buildings such as apartments, office spaces, schools, and airports. They are installed in the 
windows of a building and can be quickly deployed during an emergency. Every window with an 
external evacuation slide therefore becomes an emergency exit.  
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Figure 17: Slide to Safety's rapid external evacuation slide system 

The system shown in Figure 17 above, designed by Slide To Safety (STS), comes with telescoping 
stairs that allow for ease of access to the windows for children and the older adults. The stairs 
fold when not in use. Compressed air canisters rapidly inflate the slides, similar to the systems 
used in aircrafts. STS has designed their products to also be used during power failures [73]. 
Roughly 30 people can be evacuated in less than one minute. Individuals with disabilities can 
use the slide to decrease the time it takes them to exit a building safely. However, some 
individuals with non-ambulatory impairments such as those who are bed-bound may have 
some difficulty using these slides. Thus, some populations will require extra assistance to safely 
evacuate the building using this system.  

Recommendations for the design and use of external evacuation slides: 

 Place slides at all levels and at various sections of a low rise building to optimize 
evacuation. 

 Use appropriate signage on device to teach users how to set up and use the system. 
 Train staff and residents on the system. 

 

Internal evacuation chutes are a means of vertical evacuation that allow building occupants to 
reach the ground level safely. These chutes are installed within designated shafts of the 
building near the staircase [74]. This type of evacuation chute takes little space to install and 
can withstand the heat and smell generated from fires [75]. Usually, internal chutes are 
installed on alternate floors to accelerate the evacuation process while not compromising the 
safety of the evacuees, making this solution usable on buildings with various heights [75]. The 
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internal evacuation chute does not rely on any power supply to operate; thus, it can be 
operational for evacuation during power outages and blackout conditions [75].  

 

Figure 18: Internal emergency escape chute deployed [74]. 

Recommendations for the design of internal evacuation chutes: 

 Appropriate signage must be used to safely guide evacuees to where the internal 
evacuation chutes are located   

 The frame of the chute must be durable and securely mounted in its designated location 
 Chutes should be appropriately distributed in accordance with the manufacturer 

guidelines. According to Sauryahse, one internal evacuation chute should be placed on 
every other floor (i.e., 13th floor, 11th floor, 9th floor and so on) [74]. 

 Escape chutes should be designed to have either two or three layers.  
o The first layer, known as the internal spiral sliding layer, helps to reduce the 

speed of the evacuee and allows for a controlled descent [76].  
o The second layer is made for bearing load where chutes are supported by 5 

independent belts, each belt had a load capacity between 2900kg and 3400kg for 
a total load capacity of 14 tons [76].  

o The third layer acts as an outer protective layer which protects the evacuees 
from elements such as water and fire [76]. 
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External evacuation chutes are a means of vertical evacuation that take place outside of the 
built environment. These chutes are installed in front of windows, balconies, or terraces where 
the chutes are allowed to drop to ground level [77]. External escape chutes are packed in 
wooden or metal boxes outside the window, balcony, or terrace where there is a cantilever that 
allows for the chute to drop down for usage [77]. Building managers of low-rise, mid-rise, and 
high-rise buildings can have the external evacuation chute installed. These chutes have been 
installed in office towers, hospitals, schools, and other public spaces. Since these chutes come 
in compact boxes when deployed, there is no reliance on any external power, therefore one 
can install these chutes at various floors of the same building as shown below in Figure 20 [76]. 

Important features of external escape chutes [78]: 

 No power source is required 
 Evacuees are protected from fire effects 
 Easy to use – little to no instructions are required 
 Continuous flow of evacuees can be achieved 
 Available for immediate use as it is quick and easy to deploy 
 Requires little physical exertion during the descent of evacuees 
 Suitable for all ages and physical conditions of evacuees, including individuals who are 

unconscious or who have physical impairments 

 
Figure 19: External evacuation chute deployed in a 

low-rise building [76]. 

 
Figure 20: Multiple external evacuation chutes deployed at 

various floors of a high-rise building [76]. 

Recommendation for the design of external evacuation chutes: 
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 Escape chutes should be designed to have either two or three layers.  
o The first layer, known as the internal spiral sliding layer, helps to reduce the 

speed of the evacuee and allows for a controlled descend [76].  
o The second layer is made for bearing load where chutes are supported by 5 

independent belts. Each belt has a load capacity between 2900kg and 3400kg for 
a total load capacity of 14 tons [76].  

o The third layer acts as an outer protective layer which protects the evacuees 
from elements such as water and fire [76]. 

 Ensure that holding handles are available for the evacuee to hold onto when landing 
[76]. 

 

An area of refuge is essential in multi-storey buildings to help all building occupants and 
particularly those who require assistance descending stairs to evacuate during an emergency 
[51]. Romano et al have defined areas of refuge as:  

“A safe, static place adjoining and communicating with a vertical exodus path or 
inserted in it. This space must not obstruct the usability of the escape routes and its 
characteristics must guarantee the permanence of people with reduced or impaired 
mobility skills while waiting for help.” [79] 

Areas of refuge serve as designated areas to hold people safely during an emergency. The 
holding area is usually located near a stairwell or elevator but distanced from the evacuation 
route to avoid interference with others involved in the evacuation process [50]. Areas of refuge 
can be found in hotels, sports facilities, public entertainment venues, hospitals, offices, and 
kindergartens [79]. In residential buildings such as apartments, areas of refuge can be 
balconies. This may pose safety concerns during the winter because balcony doors can be 
covered with ice or snow, leaving the individual to wait in cold weather for help. In fire 
emergencies, the safety of a balcony as an area of refuge can be dependent on the location of 
the fire, or wind [10].  

An important consideration with the implementation of this solution is the space available for 
the area of refuge. In multilevel buildings, the CSA B651 standards document recommends 
areas of refuge to be included on each stairway landing with only enough space for two 
wheeled mobility devices, leaving little space for those that are accompanying this group [33].  
Finally, areas of refuge can contribute to feelings of anxiety and fear [19]. Ensuring the 
accessibility of the area of refuge and two-way communication will be vital in reducing the 
emotional impact of this solution. Thus, using areas of refuge as a safe solution is largely 
dependent on the design of the space and type of emergency.  
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Figure 21: A graphical representation of an Area of Refuge [80]. 

Recommendations for the design of areas of refuge [50, 81, 33]: 

 Be of a size that provides two spaces of at least 850 x 1350 mm each 
 Location near stairwell or elevator but not directly next to the evacuation path. 
 Accessible signs to identify the refuge area. 
 A fire barrier for protection. 
 Fresh air intake. 
 Emergency lighting for power outages. 
 A two-way voice communication system. 

o Call button for those awaiting rescue in an area of refuge 
o Confidence light to indicate an active call button 
o Acknowledgment light to show that someone at the central control point 

knows about the call for help 
 Large enough for wheelchair accessibility. 
 Located where it doesn’t block others trying to escape 
 In public buildings, it should exist on every floor above ground level 

 

The carry chair is a stair descent device used to transport and evacuate individuals with mobility 
impairments, specifically non-ambulatory impairments [82]. The chair can be stored in small 
spaces and can be used by either two or four emergency responders. There are four lifting 
handles (two in the back and two in the front) to lift the building occupant in the carry chair 
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down a flight of stairs. The carry chair also has wheels which help with improving the speed of 
transportation on flat surfaces.   

 

 

 

 

Figure 22: Photo of the Ferno Model 42 carry chair [left] and in use [right] [83]. 

The disadvantage of the carry chair is that it requires a minimum of two, and ideally four 
people, to transport the building occupant down a flight of stairs. This may not be feasible in an 
emergency.  

 

The evacuation chair is also a stair decent device similar to the carry chair, however, the 
evacuation chair only requires one rescuer to operate the device [82]. The chair is lightweight, 
can be adjusted to accommodate different people, and has numerous safety features to allow 
for a safe descent down the stairs using the chair’s track system. Some manufacturers have 
models of the chair with added features, such as increased weight capacity or a motor to help 
move the chair up the stairs as well as down [84]. 
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Figure 23: The Evac+Chair 300H, designed by Evac+Chair [85]. 

This can be considered an example of a stair device that can cause concern for larger powered 
mobility device users [19]. In the event of an emergency, these powered devices may be left 
behind, thus impacting the mobility of the individual with disabilities even after the emergency 
is complete.  

 

The evacuation mattress, also known as the drag mattress, allows individuals with disabilities to 
be dragged. A series of straps along the outer edge of the device allow helpers to move the 
mattress down a flight of stairs [86]. Two people are required to evacuate an individual. One 
person is required at the front and one at the back, to execute the evacuation safely [87]. 
Evacuation mattresses are designed for individuals who are bed-bound or who may have 
difficulty using an evacuation chair [88]. Evacuation mattresses are ideal for medical centres 
and hospitals as they cater to complex healthcare needs [88]. The mattress, cushions and straps 
enhance the safety and comfort of building occupants during horizontal and vertical evacuation 
events. Very few steps are required to transfer someone standing, sitting on a wheelchair, or 
lying unconscious on the ground to the evacuation mattress [87].  



   
 

51 
 

 

Figure 24: Demonstrating the usage of an evacuation mattress in an event of vertical evacuation [87]. 

 

The evacuation of high-rise buildings requires first responders to transport individuals with 
mobility impairments down multiple flights of stairs. Previous literature suggests that first 
responders (firefighters/paramedics) reported stair transport to be one of the most physically 
demanding and frequently performed work tasks. A study of 477 worker compensations claims, 
done by Furber et al. (1997), found that stair transport within private residences strongly 
contributed to injuries reported by ambulance officers [89]. An evacuation sled is one device 
used to help with transporting individuals with mobility impairments (e.g., those in scooters 
and wheelchairs) down the stairs in multi-storey buildings. There are many types of evacuation 
sleds, with each sled catering to different impairment populations. Thus, it is a great challenge 
for building managers to identify the most appropriate evacuation sled for all impairment types 
without needing personal and sensitive information of building occupants (e.g., sex, age, 
impairment type etc.).  

Some advantages of evacuation sleds are: 

 Substantially lower cost than track systems and hand-carried devices [89]. 
 Suitable for transporting patients that would be unable to maintain a sitting posture. 
 Some evacuation sleds have the capability of storing and carrying IV bags, oxygen tanks and 

other small medical accessories a patient may need during transport [90]. 
 Sliding the sled versus carrying other devices reduces the physical demands on the 

evacuators.  

Table 19 below shows different types of evacuation sleds that are currently used during 
evacuations [89].  
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Table 19: Evacuation sleds 

Sled Type and Description Images 

Corrugated 
- Less expensive evacuation device 
- Requires 2 evacuators 
- Price: $350 - $380 USD [91] 

 
Hard Shell 
- Rigid construction with ball rollers underneath 
to facilitate travel on flat surfaces 
- Requires occupant to be in a reclined sitting 
position.  
- Requires a single evacuator   
- Price: $450 - $650 USD [90] 
Wheeled 
- Constructed with rollers under torso to facilitate 
movement on flat surfaces and a high friction 
material under the legs to slow the descent. 
- Single evacuator descends the stairs in front of 
the device and pushes down on the front part of 
the sled to engage the high friction material and 
slow the descent 
- Price: Similar pricing as the hard-shell sled 

 
 

Roll-up 
- Plastic sled, rolled up when not in use with a 
low coefficient of friction 
- Long strap at the end that can be used to belay 
the occupant down flights of stairs or grasped as 
a handle 
- Requires 2 evacuators 
- Price: $580 - $870 USD [90] 

 
 

Fabric Mat 
- Provides a padded mat for the occupant and 
cocoons the occupant using Velcro straps 
- Requires 2 evacuators 
- Price: $150 - $250 CAD [93]  
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Inflatable 
- Multipurpose device 
- Inflates quickly using accompanying pump 
Three-section inflation design for head, hips and 
legs area, forehead restraints, two sets of belts, 
and specially designed air cells, the patient feels a 
sense of security and comfort while being 
transferred [94].  
- Requires 2 evacuators 

 

 

Fire elevators are typical passenger elevators that have a firefighter’s service mode which can 
only be activated by firefighters (known as Firefighter Emergency Operation – FEO). These 
elevators enable firefighters to rescue building occupants who are trapped on various floors in 
an event of fire in a building. These lifts are designed with fire rated doors, waterproof 
components, and drains. They are used particularly effectively in high-rise buildings [94].  

Requirements for the design of fire elevators are stipulated in the Ontario Building Code O. Reg 
332/12 [38].  

 

Figure 25: Fire elevator being used specifically by a firefighter [95]. 

 

The Firefighter’s carry is a technique used for carrying an individual over long distances. It can 
be very difficult to execute as it requires the firefighter to lift an individual up over one shoulder 
from the ground [96]. It is recommended that the Firefighter’s carry technique is taught safely 
and appropriately to all firefighters to limit the likelihood of injury that can happen to a 
firefighter during the process. There is some evidence that this technique should be avoided 
because it can compress the chest of the individual being rescued. 

 

In Canada, a standard fire truck is equipped with two ground ladders of different lengths that 
can be used to reach building windows and balconies [97]. An aerial truck ladder can be used to 
reach higher heights, between 55 to 125 feet, but is dependent on how close the truck can get 
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to the building [98]. These ladders can be used to evacuate individuals with mobility 
impairments from an area of a building where they may not be able to safely evacuate from.  

 

Figure 26: A fire truck ladder equipped with an aerial truck ladder [98]. 

Requirements for fire trucks and fire truck ladders are stated in the Occupational Health and 
Safety Act (OSHA) Section 7 [99].   

 

Hospital beds can be better suited for lateral or horizontal evacuations as opposed to vertical 
evacuation [100]. Lateral or horizontal evacuations means securing patients from immediate 
danger on the same floor, usually on the opposite side of the building [100]. If adequate 
transport equipment isn’t readily available, patients can be wheeled out of the building in their 
hospital beds. Hospital beds can be used as a temporary means of transporting building 
occupant out of hospital rooms [100]. They are readily available for staff to use in hospitals and 
long-term care homes in the event of an emergency. 
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Figure 27: A hospital bed in a hospital room with wheels [101]. 

 

The infant evacuation vest enables a person to carry multiple infants out of a building. Infants 
are carried within the pockets of the vest which are located at the front and sides, as depicted 
in Figure 28 below. An advantage of the infant evacuation vest is that the evacuator can safely 
carry up to four infants at once. The pockets protect the infants while the evacuator is running. 
This allows for the infant to safely withstand the evacuator running, turning aggressively, or 
stopping suddenly. Another advantage of using the infant evacuation vest is that the 
evacuator’s hands become free. This can help the evacuator open doors, use the handrails in 
the event of descending the stairs and/or waving their hands to call emergency personnel for 
assistance, which accelerates the safety and evacuation time [102].  

 

Figure 28: Infant evacuation vest manufactured by a Baby-Mover B.V. [102]. 
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The Occupant Evacuation Elevator (OEE), also sometimes referred to as a safe elevator, is an 
elevator that can be used by building occupants in a safe way to egress the building. While 
some buildings may have OEEs alongside standard passenger elevators and fire elevators, other 
buildings incorporate specific design features within passenger elevators to allow them to be 
used safely during an emergency. The International Building Code defines this as Occupant 
Evacuation Operation (OEO). OEO is activated and terminated using a series of events and will 
result in the elevator operating in a specific manner to help evacuate individuals closest to the 
emergency first [103].  

Real world application of OEEs is of great importance. For example, during an emergency, 
elevators can be used to first evacuate individuals with disabilities who have challenges going 
down the stairs, while the stairs can be used as the first means of evacuations for individuals 
who are safely able to descend. This can reduce evacuation time and improve safety. However, 
if an OEO is designed to have an elevator go to the floor where a fire is present, all individuals 
with and without disabilities should be evacuated together [13]. Considerations such as these 
will vastly improve egress for individuals with and without disabilities. 

Recommendations for the design of OEEs or OEOs should follow the International Building Code 
as well as any additional jurisdictional requirements.  

 

The rescue seat with an over the shoulder strap is an evacuation device that helps evacuate 
individuals with physical impairments. The fabric strap design and the sitting transport position 
led to perceived high handiness of the rescue seat and great advantages in bottlenecks and 
landings as seen in Figure 29 and Figure 30 below [104]. While it has been determined by 
Lavender et al that rescue seats show prevailingly higher physical demands than the wheeled 
devices, the fabric rescue seat with the over shoulder strap was revealed to be very handy with 
low space requirements for storage and advantages for highly challenging environments. 
Rescue seats requires 2 rescuers to assist in the transport of evacuees away from danger. Since 
the rescuers are facing forwards instead of sidewards or backwards, it becomes easier for them 
to navigate the path and to execute evacuation.   
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Figure 29: Rescue seat with over shoulder strap being used 

to transport the evacuee on a level floor [105] 

 
Figure 30: Rescue seat with over shoulder strap being used 

to transport the evacuee up the stairs [105] 

 

The rescue sheet is a simple carrying device similar to the rescue seat. It also requires two 
rescuers. To use the rescue sheet the rescuers performing the carry are in front and behind the 
rescue, who lays in between them on the sheet. The rescue sheet comes with two harnesses 
instead of straps, which are used by the rescuers. The rescue sheet requires high physical effort 
from the rescuers. Kwee-Meier et al found that the rescue sheet caused a high amount of strain 
on the rescuer’s body, particularly the back and legs. Stairways also posed a problem as the 
rescuer’s had to switch to walking side by side for the rescuee’s safety, causing more stress on 
the rescuer’s back [105]. The sheets are very affordable, and easy to store.  
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Figure 31: Rescuer's using the rescue sheet in a horizontal section (left) as well as in a stairwell (right) [104]. 

 

The simple strap is a device used to lift individuals who are lying on the ground or who are 
seated on a chair [106]. Fundamentally, this device is composed of a fabric seat and two 
harnesses that rescuers must wear to appropriately assist the individual with an impairment. 
Not only does the simple strap help individuals with physical impairments, but it also helps 
those with sensory, cognitive, and mental health impairments.  Lavender et al. have concluded 
that overall, the simple strap was rated positively with regards to reducing effort. However, two 
of the 14 participants indicated that this device made the task “a little harder” in the bathroom 
and with the recliner [106]. It is crucial to get sufficient training before attempting to lift 
someone with the simple strap as rescuers can easily get injured during the process. The 
correct lifting technique is shown in Figure 32 below.  

 

Figure 32: Two rescuers are using the simple strap to lift an individual with an impairment [106] 
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The ski sheet is a device used very commonly in hospitals and other healthcare settings. It 
consists of a sheet placed underneath a mattress, with buckles on either side that secure a 
patient directly to the mattress [107]. During emergencies, the mattress can then be lifted 
directly off the bed, and used as the evacuation device, similar to an evacuation sled. The ends 
of the ski sheet have pulling straps that are used by the rescuer to guide the patient to safety. 
The device can be used on stairwells also. The adjustable straps allow for usability for patients 
of all sizes including children.  

Figure 33: The Ski Sheet (left) being used to carry a patient through a stairwell (right) [107]. 

 

A stretcher is commonly known as an apparatus that is used to move patients who require 
medical care. Emergency personnel first transport the patient to the stretcher then two to 
three people carry the stretcher to the ambulance truck. Stretchers can also function well in 
events of evacuations where they can assist in transporting evacuees horizontally (i.e., through 
the same floor) or vertically (i.e., descending to lower floors) efficiently [108].  
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Figure 34: Backboard and stretcher which can be used to rescue people in an event of evacuations [108]. 

 

Using stairs for evacuating a building is a very common issue for individuals with disabilities that 
has been addressed in the literature. For individuals with mobility impairments, this includes 
both difficulties related to their own ability to egress as well as difficulties for other occupants 
because they can represent a constraint on stair flow. Several studies have shown that 
individuals with visual impairments move slower on staircases due to their impairments, the 
complex shapes within the stair environment and/or the absence of tactile surfaces to help 
them navigate effectively [109]. A Swedish study showed that people with visual and mobility 
impairments reported problems assessing the shape of stairs and the lack of handrails [110]. 
Handrail supports are indeed mentioned as one of the most important factors for both 
individuals with visual and mobility impairments while using stairs.  

Recommendations for the design of stairs: 

 Stair widths play a key factor in the decent speed as well as traffic control during a 
sudden evacuation. Follow the National Building Code and other relevant guidelines 
for designing stairs appropriately.  

 Sim and Gartshore (1986) concluded that stairways should be closer to the 
maximum width of 62 inches instead of the minimum of 47 inches to allow 
overtaking evacuees to pass.  

 Tactile features should be included on stair landing handrails to allow identification 
of floors. 
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7 Design Considerations for Improving Egressibility 
Table 20 describes a list of additional design considerations that can improve the evacuations of 
individuals with disabilities from the built environment.  

Table 20: List of design considerations to improve egressibility in the built environment 

Name Description Impairment Building Type 
Airport Design [111, 
112] 

Recommendation for linear (rather than 
pier) airport terminal designs to 
decrease walking distances during 
emergencies for individuals with 
disabilities 

All, but 
primarily 
mobility 

Airport 

Automatic Door 
Closures [113] 

Installing automatic door closures 
improves fire safety as fires and smoke 
are contained in an area and spread 
slower, improving egressibility.  

All All buildings 

Color-coded Indoor 
Wayfinding 
Assistance [114] 

Color-coding building features such as 
flooring and zones can facilitate easier 
daily navigation and help during 
emergency evacuations. 

People with 
Disabilities, 
Older Adults 

All buildings 

Pathway Design 
{115]  

Increasing the width of pathways within 
the built environment can decrease 
evacuation time and door passage time 
for individuals with Multiple Sclerosis 
(MS) as well as for older adults and 
other individuals with disabilities. 

MS, Older 
Adults 

All buildings 

Redesign of doors to 
include Decision 
Point Cues in the 
form of tactile door 
plates [116] 

Tactile door plates can be used to 
inform the user in which direction to 
proceed after passing through a door 
rather than relying on vision.  

Vision All buildings 

EvacuCheck [117] The EvacuCheck can help identify rooms 
that have been evacuated.  

All All buildings 

Digital Maps and 
Floorplans [118]  

Improving digital maps for individuals 
with visual impairments can help relay 
information to these users quicker and 
more accurately. Examples of these 
improvements include colour contrast 
changes, voice commands, and the 
search function.  

Vision All buildings 
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Signage 
Improvements using 
Theory of Affordance 
[110] 

Signage and wayfinding can be 
significantly improved if the Theory of 
Affordance is applied to the design of 
these elements. A simple example is the 
optimal placement of signage.  

All All buildings 

Stair Design [119] Handrails are important for orientation 
for the individuals with blindness or 
other visual impairments and should be 
present on at least one side of a 
stairway.  

Vision All buildings 

Emergency Signs 
Colour [120] 

The results of some studies have shown 
that people evacuating a building will 
walk towards green doors and green 
exit signs.  

Vision All buildings 

Safe Refuge [94]  In certain cities such as Hong Kong, a 
safe refuge is required every 25 floors in 
a high-rise building. Recommendations 
such as these should be applied to more 
high-rise buildings during the early 
design of the building.  

People with 
Disabilities, 
Older Adults 

High Rise 

Elevators Egress 
[121] 

Elevators should be designed to 
consider smoke, fire, water, radiation, 
and power supply, all which have a 
direct impact on egress.  

All High Rise 

Compartmentation 
within a Building 
[122] 

Compartmentation plays an important 
role in the way people escape from 
buildings and normally defines the 
evacuation strategies available. The 
more compartments designed within a 
building, the more time there is 
available to evacuate the entire building 
in the event of a fire. 

All High Rise 

Hospital Floor Layout 
[123]  

Organize hospital floor layouts such that 
patients with greater mobility 
impairments are situated on the lower 
level of a hospital 

Patients Hospitals 

Patient Room 
Location [124] 

Consider situating patients in critical 
conditions as close to the hospital staff 
offices as possible.  

Patients Hospitals 
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General Hospital 
Recommendations 
[125] 

All healthcare workers should be 
trained on how to deal with fires in 
their work environment. Oxygen 
cylinders should be fitted to the back of 
a bed or wheelchair, but never on top.  
 
Recommendations for the required 
resources to evacuate different types of 
hospital patients (e.g., ICU, operating 
room, maternity) during emergencies. 

Patients Hospitals 

Intensive Care Unit 
(ICU) [126, 127] 

Review ICU layout with hospital fire 
officer to ensure there are adequate 
fire compartments and escape routes.  
Design and practice a clear ICU 
evacuation plan, including a checklist 
for each bed. 
Consider using ski sheets in ICU's. 
Ensure appropriate portable monitoring 
equipment and life-support systems on 
all beds.  
Keep flashlights and battery powered 
equipment such as ventilators as back-
ups in case the power goes out.  

Patients Hospitals 

Respiratory Care 
Unit (RCU) [128] 

Door widths in RCUs should be 2m or 
larger to minimize RCU patient 
evacuation time. 
 
RCU evacuations should be staged 
(most ambulatory patients evacuate 
first). 
 
Non-ambulatory patients should be 
placed near exit routes and evacuated 
immediately. 

Patients Hospitals 

Fire Doors [129]  Fire doors should be installed in 
healthcare facilities to improve success 
of horizontal or lateral evacuation. They 
should be installed at all fireproof 
compartments, rooms, stair landings 
and fire escapes. 

Patients Hospitals 
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Bi-directional exits 
[130] 

Bi-directional exits should be used in 
the design of long-term care and 
retirement homes to minimize the 
danger of smoke inhalation during 
evacuation as the likelihood of needing 
to pass by the source of fire to get to 
the exit is reduced.  

Older Adults, 
People with 
Disabilities 

Long Term 
Care Homes, 
Retirement 
Homes 

Intercom System for 
Evacuation 
Communication 
[131] 

An intercom system can be used in an 
area of refuge to help facilitate 
information transfer and aid to 
individuals with disabilities.  

All, but 
especially for 
cognitive and 
mental health 
impairments 

Universities 
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8 Training Programs for Improving Egressibility 
Table 21 describes training programs that can improve the evacuations of individuals with 
disabilities from the built environment.  

Table 21: List of training programs to improve emergency preparedness and egressibility in the built environment 

Name Description Impairment Building Type 
Virtual Reality 
(VR) Training for 
Signage and Path 
Detection [132]  

Using VR to determine how emergency 
signs help in wayfinding in the event of 
an emergency.  

Dependant on 
type of 
training 

All buildings 

DVD on Fire Safety 
Programs [133]  

Home fire safety DVD to improve home 
fire safety knowledge (e.g., proper use of 
smoke detectors) for families with 
children with special needs 

Children with 
Disabilities 

All buildings 

Virtual Reality 
(VR) Assisted ASL 
Training for 
Emergency 
Evacuations [134] 

VR technology to be able to simulate 
disaster drills and exercises for people 
with hearing impairments without 
exposing them to harmful conditions. 

Hearing All buildings 

Virtual Training 
for Hospital 
Workers during 
Evacuation [135]  

Virtual training tool for preparing 
hospital workers to evacuate neonatal 
intensive care units during emergencies.  

Patients, NICU Hospitals 

Virtual Training 
for Nurses [136]  

Virtual simulation training for preparing 
paediatric nurses to evacuate infant 
patients during emergencies. 

Patients, NICU Hospitals 

Emergency 
Training Programs 
and Courses for 
Healthcare 
Institutions [137]  

Emergency preparedness courses that 
are considered the gold standard of 
practical and theoretical Major Incident 
Training within the healthcare setting. 

Patients, NICU Hospitals 

Training Program 
"PREPARE" for 
Long Term Care 
(LTC) Homes [138] 

PREPARE: Disaster and Emergency 
Preparedness Training for the LTC 
Workforce which provides a 2-day 
training session, conference seminars 
and distanced learning. 

Older Adults 
Long Term 
Care Homes 

"Remembering 
When" Training 
Program [139] 

General strategies to improve 
emergency preparedness in older adults 
and introduce fall prevention strategies. 

Older Adults 

Long Term 
Care Homes, 
Retirement 
Homes 
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E-Learning Tool 
[140]  

An e-learning tool, ‘‘Frailty, Dementia 
and Disasters: What Health Care 
Providers Need to Know’’ increases the 
awareness of factors that contributes to 
vulnerability of residents and guides staff 
on how to help make the environment 
safer for older adults during emergencies 
and disasters. 

Older Adults 

Long Term 
Care Homes, 
Retirement 
Homes 
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9 Strategies for Improving Egressibility  
Table 22 describes strategies that can be used to improve the evacuation of individuals with 
disabilities from the built environment.  

Table 22: List of strategies to improve egressibility in the built environment 

Name Description Impairment Building Type 
Emergency 
Evacuation Kit for 
Older Adults [141, 
142]  
 

List of equipment and medical information to 
include in an emergency evacuation kit for 
older adults. This kit also includes steps for a 
community of older adults to plan for mass 
disaster.  

Aging-related 
 

All buildings 
 

Emergency 
Preparedness for 
Older adults [143, 
144, 145] 

Development of a home escape plan; 
importance of CO alarms; proper installation 
and care of smoke alarms; proper setting of hot 
water heater temperature; and safe cooking 
practices. Home fire safety education should be 
tailored to meet the needs of older adults by 
considering mobility limitations, effects of 
chronic illness, learning ability and living 
conditions.  

Older Adults All buildings 

Emergency 
Preparedness for 
Diabetics [146] 

Disaster preparedness strategies for people 
with diabetes which include Evacuation 
Packing, Medication Stockpiling, Pill 
Organization (using pill cases), Diabetes 
Coordination Notebook and Mobile Device 
Availability.  

Physical All buildings 

Communication 
Dictionary & 
Boards [147] 

Develop a communication dictionary and a 
laminated communication board for individuals 
with speech and communication impairments 
and share it with first responders.  

Speech and 
Communication 

All buildings 

Evacuating 
Children with 
Disabilities from 
Schools [148] 

Guide for preparing individual health care plan 
for students requiring respirational assistance 
(Supplemental oxygen, Tracheostomy, 
Ventilator). A Go-Bag Supplies kit is provided 
which helps improving the emergency 
preparedness of students.  

Children with 
Disabilities 

Educational, 
Schools 

University 
Evacuation Policy 
and Strategies 
[149]  

Evaluating different models of university 
evacuations policies that target students with 
mobility impairments. Pages 11 and 12 discuss 
the best overall model emerged from the 
University of Arkansas at Little Rock. 

Mobility 
Educational, 
Universities 
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General 
Recommendations 
about Mobility 
Impairment 
Evacuations [150] 

Collection of recommendations obtained from a 
variety of resources that highlights key 
evacuation recommendations that aids 
individuals with mobility limitations. These 
recommendations can be retrieved from page 
4. 

Mobility High Rise 

Hospital Staff 
Training Strategies 
[151] 

Staff training analysis and patient moving 
activities and guidelines to facilitate a safe 
patient evacuation out of hospitals in an event 
of evacuations. 

Patients Hospitals 

Hospital 
Evacuation Plans 
[152] 

Discusses important strategies and lessons 
learned from past healthcare evacuations. Pre-
disaster planning, decision making, patient care 
and transportation, record keeping, and 
communication are all addressed.  

Patients Hospitals 

Simulating 
Hospital 
Evacuations [153] 

The first step during evacuation is to leave the 
fire room quickly and avoid remaining in a 
corner, which can effectively prevent harm 
caused by smoke. Stairwells of super high-rise 
hospitals must be equipped with fireproof 
doors; fire doors need to stay closed to avoid 
the spread of smoke which can obstructs the 
evacuees' vision and hinders evacuation.  

Patients Hospitals 

NICU Emergency 
Preparedness 
Strategies [154] 

Crucial equipment and skills needed to 
evacuate unwell infants during disasters in 
NICUs 

Patients, NICU Hospitals 

Staged Evacuation 
[155] 

Staged evacuation, in which the most severely 
ill patients (e.g., those on dialysis, oxygen, or 
those with complicated medical regimens) are 
evacuated early to hospitals outside of the 
disaster region, is preferable to mass 
evacuation.  

Older Adults, 
People with 
Disabilities 

Long Term 
Care Homes 

Emergency Lifting 
Techniques [156] 

Emergency lifting technique for immobile older 
adults 

Older Adults, 
People with 
Disabilities 

Long Term 
Care Homes 

Emergency 
Preparedness for 
Building 
Management 
[157] 

Various recommendations for municipalities 
and building management staff are discussed. 
This can be found in page 14. Older Adults 

Long Term 
Care Homes, 
Retirement 
Homes 
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Crowd Density 
Analysis, Strategic 
Planning and 
Arrangement of 
residents [158] 

 
Arranging the residents of a building to keep 
those who require greater assistance on the 
lower levels, and less assistance on higher 
levels.  

 
Older Adults, 
People with 
Disabilities 

 
Long Term 
Care Homes, 
Retirement 
Homes 

Pink Vests for 
Long Term Care 
Residents [159] 

Long term care residents should wear pink vests 
during an event of evacuation for them to 
become easily noticed by the rescuing team.  

Older Adults, 
People with 
Disabilities 

Long Term 
Care Homes, 
Retirement 
Homes 

Securing 
Alternative Escape 
Routes [160] 

Recommended mandate that all public 
buildings secure alternative escape routes if 
buildings are dependent on elevators and make 
evacuation chairs standard equipment.  

Older Adults 
Public 
Buildings 

Facilitated Escape 
Strategies [161] 

Facilitated escape is a concept which should be 
introduced as an extension of existing access 
provisions. Generally, the provision of a means 
of escape from a public building is by facilitating 
people to make their own way out of a building 
through following signals/instructions and 
escape route signs. 

People with 
Disabilities 

Public 
Buildings 

Fire Safety 
Educational Kit 
[162] 

Fire safety educational tool kit for homebound 
older adults. The kit includes resources for 
proper smoke alarm use. 

Older Adults 
Residential 
Buildings 

Multi-agent Based 
Simulation [163] 

Works as a supplement to evacuation drills and 
to evaluate egress safety for a multi-floor 
building. Multi-agent-based simulations 
simulate the evacuation scenarios where 
evacuees are all older adults, then statistical 
analysis is utilized to interpret results, and 
comparative analysis is conducted to offer 
some suggestions for egress design and crowd 
management. 

Older Adults 
Senior 
Apartment 
Buildings 
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10 Future Work  
Beyond the technical and building requirements that are needed to improve egressibility, it is 
important to consider evacuation planning and knowledge translation of egressibility 
importance to building staff, developers, end-users and so on. It is also important to consider 
the feasibility of a given solution within each building type, as not all solutions will be 
appropriate to implement. Three main areas of work need to be considered for future work. 
Chapter 10.1 discusses the situation when visitors enter a specific built environment. Chapter 
10.2 discusses implementation barriers and challenges from a practical standpoint. Chapter 
10.3 discusses prototypes that are currently in the developmental stage that are yet to be 
commercialized or widely accepted on a larger scale.  

 
Many of the solutions described in the previous sections assume individuals are in their own 
residence or workplace and that others in that setting are aware of their needs. However, there 
is a need to develop systems to support the evacuation of an individual with disabilities who 
may be a temporary visitor in a building [9] or an individual with a temporary impairment (e.g., 
an individual who has returned home following knee-replacement surgery). 

 
Future work is also needed to address a host of practical challenges that have been identified in 
our work. For instance, the Fire Marshall at University Health Network noted that he had been 
interested in purchasing evacuation chairs for on-site staff that might need them. However, the 
chairs were not purchased because the Human Resources department was concerned with staff 
privacy and suggested that the devices be installed in every stairwell on every floor, which was 
deemed to be too costly. 

Work is needed to determine approaches for allowing staff that want to self-identify as 
someone with an impairment that may need accommodation in the event of an emergency so 
that devices like evacuation chairs could be installed in the required areas. 

 
Future work should focus on testing the design recommendations and technology prototypes 
that have been discussed in the literature but not yet implemented into practice. Examples of 
design recommendations that have not yet been implemented include smoke detection 
systems using mobile applications and text messaging [164] and footstep vibrating sensors to 
easily locate children and older adults in an emergency [165].  

In the literature, several evacuation solution prototypes were discussed. Below is a list of these 
prototypes that should be considered for future implementation.  
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More research is needed to develop approaches for training individuals with mild cognitive 
impairment on how to evacuate. Research is also necessary for individuals with communication 
and speech related impairments, as no direct solutions were found during our literature search. 

 

This design enables individuals with mobility limitations to travel independently without being 
directly assisted by another person. The attachments are either user-controlled, or assistant-
controlled (using a second person) [166].   

 

Figure 35: A depiction of wheelchairs and wheelchair attachments 

 

This carrier enables individuals in a wheelchair to travel along stairways while being seated in 
their wheelchair [58]. 

 

Figure 36: A depiction of wheelchair carriers 
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Inclined platform lifts are platforms which support the user while seated in their wheelchair. 
The platform travels along a track placed on one side of the stairway. The tracks are secured to 
the stairs and not to the walls [166].  

Recommendations for design and installation of platform lifts: 

 Straight stairs are preferred because it is easier for the tracks to be installed. 
 Sufficient landing space must be present to allow the platform to reach the lower 

level. 

 

Figure 37: A depiction of platform lifts and stairway chairlifts 
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Table 23 describes a list of potential prototype solutions that can be implemented in the future 

that are currently going through a prototype stage or have been used in research settings.  

Table 23: List of potential prototype solutions in developmental or research phase 

Name Description Impairment Building Type 

Braille assistance 
notification [167] 

A prototype Braille Assistance System 
to help with indoor navigation 
(includes IR sensors, Water sensor, 
Fire sensor, Braille keypad, SMS, etc.) 

Individuals with 
visual impairments, 
Blind & Deaf-Mute 
people  

All buildings 

Smoke Detection 
through 
Broadcast 
Messages [164] 

Smoke detection system using mobile 
application and SMS to notify 
occupants and users.  

All All buildings 

Dynamic 
wayfinding 
algorithm [168]  

Accessible wayfinding for emergency 
evacuation of wheelchair users by 
finding the most accessible route and 
avoiding blockages. It improves 
efficiency and allows for a faster 
evacuation as the routes are updated 
in real time depending on the 
situation (e.g., blocked doors). The 
algorithm can be implemented for 
simulations and floor plans in the 
future.  

Mobility All buildings 

Foot vibration 
sensor [165] 

Footstep vibration sensor to locate 
children and older adults inside 
buildings for the purpose of assisting 
in their evacuation. 

Children, Older 
Adults 

All buildings 

Haptic 
notification 
system [169] 

Handheld haptic direction indicator 
to help individuals with visual 
limitations navigate to building exits 
during emergencies 

Vision All buildings 

Information 
Delivery System 
for Deaf/deaf 
People (IDDD) 
[170, 171] 

Information delivery system for 
individuals with hearing loss. In the 
event of a large disaster, evacuation 
information is sent to the mobile 
phone of the individual. 

Hearing All buildings 
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RFID based 
wayfinding for 
low vision [172] 

RSNAVI is an indoor blind navigation 
system that improves route planning 
based on surrounding obstacles and 
real time sensor data 

Vision All buildings 

RFID Navigation 
Application [173] 

A novel RFID-based mobile phone 
application for evacuation navigation 
of individuals with cognitive 
limitations. 

Cognitive All buildings 

RFID Smart 
Identification 
Locator [174]  

DIORAMA tools enable responders to 
actively triage patients with active 
RFID tags and to mark the location 
for trapped patients and points of 
interest. Patient location will be 
tracked in real time and a 
communication channel through the 
app will be possible.   

Patients All buildings 

Emergency 
Notification 
Robot [175] 

A robot (SA3M) that alerts users in 
case of fire/gas leak/etc. 
(Autonomous support system for 
older adults) 

Older Adults All buildings 

SafeExit4All 
Evacuation 
Guidance App 
[176] 

Mobile phone application that 
provides evacuation instructions (i.e., 
directions for the shortest safe route 
to evacuate the building) via visual, 
audio, or haptic feedback. 

Cognitive, Hearing, 
Mobility, Seeing 

All buildings 

Wireless Sensor 
Network (WSN) 
[177] 

 Adaptive evacuation guidance 
system that helps occupants reach 
appropriate exit/evacuation path. 

Not specified All buildings 

Wireless Sensor 
Network (WSN) 
[178] 

Wearable device to track location of 
individuals with disabilities. All Impairments All buildings 

Wireless Sensor 
Network (WSN) – 
Djikstra [179] 

Software that determines the 
shortest evacuation route. Not specified All buildings 

Spiral Slideway 
[180] 

This slideway allows evacuees to slide 
down to the first floor under gravity 
(no power needed any electric power 
and physical strength for the 
occupant. 

Mobility High Rise 
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RFID Locators 
[181] 

Localization of handicapped persons 
in buildings using RFID tags scanned 
at entry/exit. 

Mobility, Seeing High Rise, Mid 
Rise 

Using Ramps 
Inside Buildings 
(Hospitals) [182] 

Recommended method for the 
descent evacuation (ramp instead of 
stairs) of intensive-care hospital 
patients. 

Hospital Patients Hospitals 

 
 
Notification and 
Wayfinding 
Robots [183] 

 
 
Concept: Using robots such as 
Turtlebot and NAO to help in 
notifying and directing the older 
adults to go out of their homes in 
case of fire/emergency. 

 
 
Older adults 

 
 
Long Term 
Care Homes, 
Retirement 
Homes 

Backboard 
Wheeler, 
Bridgeboard, 
Transfer Sling 
[184] 

An initial set of design ideas for EMS 
patient handling devices are listed 
with detailed descriptions and 
sketches. 

Mobility 

Nursing 
Homes, Long 
Term Care 
Homes, 
Hospitals 
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11 Egressibility Assessment Tool 
Amongst other elements, it has been suggested that future work consider gathering baseline 
emergency preparedness data for different building types [9]. In an effort to reach this goal, we 
designed an egressibility assessment tool (Table 24) that is intended for stakeholders to assess 
their buildings evacuation solutions that are available for individuals with disabilities. This 
assessment tool can also inform the development of new buildings on the types of solutions 
that should be implemented.  

This tool has a scoring system. Looking across each row of impairments, a maximum score of 3 
can be achieved. This score is achieved if the building type has considered all three types of 
evacuation solutions (e.g., notification, wayfinding, and egress) for a given impairment type. 
Once a tally of solutions available for all impairment types has been complete, the user can tally 
a final score. The final score can indicate to stakeholders how well their building is prepared to 
evacuate individuals with disabilities from their building in the event of an emergency.  
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Notification Wayfinding Egress

For each type of 
impairment, check the 
box next to the 
category of evacuation 
solution you 
considered (e.g., 
notification, 
wayfinding, egress). 

Count the number of 
check marks given 
across each impairment 
type. Each row can 
total to a maximum of 
three points.

Physical

All Physical 
Impairments 
(includes mobility, 
flexibility, dexterity)

(.g., Audible alarm, 
broadcast message)

/3
(e.g, evacuation signs, or 
floorplans)

(e.g., moving walkway, 
area of refuge, or 
internal/external 

evacuation slide and 
chutes)

Nonambulatory 
Impairments
(Individuals who use 
wheelchairs, 
scooters, or are 
bedbound)

(.g., Audible alarm, 
broadcast message)

/3
(e.g, evacuation signs, or 

floorplans)

/3
(e.g, evacuation signs, or 

floorplans)

(e.g., area of refuge, fire 
elevator, firetruck 

ladder, stairs)

Seeing

(e.g., audible alarm, 
broadcast message)

/3
(e.g., alarm/PA system, 
directional sounder or 
tactile & braille maps)

(e.g., stairs)

/3

/3
(e.g, evacuation signs, or 

floorplans)

(e.g., stairs)

/3
(e.g., tactile & braille 

maps)

(e.g., stairs)

Cognitive / 
Mental 
Health

Learning, 
Developmental, 
Memory and Mental 
Health-Related 
Conditions

(e.g., lockbox)

Sensory

Hearing 
(Deaf, deaf, Hard of 
Hearing)

(e.g., strobe light or 
vibrating alarm)

/21

(e.g., vibrating alarm)

DeafBlind

(e.g., evacuation signs, 
floorplans or buddy 

system)

(e.g., stairs)

Total score (Out of 21)

Category

(e.g., area of refuge, fire 
elevator or stairs)

Ambulatory 
Impairments 
(Individuals who use 
a walker, cane, 
crutch, or have slow 
gait)

Evacuation Solutions

(.g., Audible alarm, 
broadcast message)

Type of Impairment

Table 24: Egressibility Assessment Tool 



   
 

78 
 

12 Glossary of Terms 
Accessibility: To enable persons with disabilities to live independently and participate fully in all 
aspects of life. Ensures, to persons with disabilities, access, on an equal basis with others, to the 
physical environment, to transportation, to information and communications, including 
information and communications technologies and systems, and to other facilities and services 
open or provided to the public [185]. 
 
Disability:  For the purposes of this report, we use the term “disability” in a broad sense to 
describe individuals with a range of impairments, diseases, limitations, or conditions. 

Egress: Ability for building occupants to evacuate to a safe location, without injury, in the event 
of an emergency [10]. 

Evacuation: Ability of individuals to egress in the event of an emergency scenario. 

Impairment: Problems with the functioning and structures of the individual’s body (e.g., 
musculoskeletal, or sensory systems). Specific examples of impairments include visual, hearing 
or seeing impairments [30].  

Wayfinding: An evacuation solution that guides individuals through the physical environment 
and to a safe exit  
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