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Abstract 
A projection of the Canadian population shows that in 2024 one in five Ca-
nadians will be over 65 years old. This shift forces designers to consider the 
entire lifetime of occupants during the design of new buildings. Universal 
Design (UD), which is a design that accommodates all people to the greatest 
extent possible and aging in place design that is deeply rooted in the prin-
ciples of UD, aim to house people irrespective of their age, ability, and chron-
ic health conditions. Building Information Modeling (BIM) significantly 
helps advance the development of the Architecture, Engineering, and Con-
struction (AEC) industry in a more collaborative and automated way. Inte-
grating BIM and UD allows designers to incorporate UD standards easily and 
efficiently at the conceptual design stage of buildings by using the functional-
ities and capabilities of BIM tools. Therefore, this study presents the devel-
opment of an automated computer model to facilitate the adoption of UD 
standards and processes. The novelty highlighted in this model resides in the 
creation of an automated method that employs a newly created plug-in and 
databases to assist designers to incorporate UD standards at the conceptual 
stage in a timely and cost-effective manner. Furthermore, the study introduc-
es the methodology consisting of collecting, categorizing, and storing data 
from various universal design and accessible design guidelines in the devel-
oped databases and developing new plug-ins in BIM tool to link the devel-
oped databases in order to automate the process of retrieving necessary in-
formation and components to help designers and owners select optimal de-
sign alternatives based on their predefined criteria. 
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1. Introduction 

In 2015, Statistics Canada revealed that 16.9% of Canadians were aged 65 years 
or older, out of which 2.2% were aged 85 years or older, which represented a 
20.0% increase in the age of that group since 2011. Thereafter, a projection of the 
Canadian population showed that the number of persons aged 65 years and old-
er will continue to increase to reach 20.1% of the whole population in 2024 [1]. 
Generally, aging relates to increased chronic health issues and functional disabil-
ities. A recent report by Globe Newswire [2] uncovered trends related to aging 
and its impact on seniors’ housing aspirations, expectations, and realities across 
Canada. The report showed that 86% of Canadian seniors want to live in their 
homes for as long as possible rather than go to long-term care facilities. On the 
other hand, in 2021, the Government of Ontario [3] reported that between April 
2020 and April 2021, the number of Canadian seniors who died due to Covid-19 
in Ontario’s long-term care facilities reached 3785 cases (3772 residents and 13 
staff). As a result, adopting the concept of aging in place becomes of top priority 
and high importance. Therefore, more design strategies should be considered to 
overcome the issue of aging in place [4]. Universal Design philosophy is inspired 
by the social responsibility of using the built environment with no distinction. 
This philosophy led to a systematic development of the design guidelines for 
architectural and urban projects to render the accessibility of the built environ-
ment to all [5]. It aims to simplify the life of people regardless of their age, size, 
or ability to achieve an inclusive society where every person has equal opportun-
ities to participate, whether young, senior, disabled, or non-disabled [6]. Thus, 
the term accessibility, which is one of the critical factors for aging in place, is 
used for that purpose. Andersson [7] stated that architecture and gerontology 
are two fields of research that closely need to be explored to be prepared for se-
nior citizens in an aging society. Design for aging aims to accommodate the 
rapid increase in the senior population and to promote innovative design solu-
tions to create desired physical and service environments facilitating a sustaina-
ble aging process [8]. An age-friendly design needs to be accessible for older 
people with varying needs and abilities to promote their physical activities and 
to reduce the risk of many health and medical problems of particular concern to 
elderly Canadians [9]. There is growing evidence that physical activity prevents 
or delays cognitive impairment and improves sleep [10]. “Aging in place means 
having access to health services and social supports for elderlies who need to live 
safely and independently in their homes or their community for as long as they 
wish and are able” [11]. To enable aging-in-place, environmental barriers must 
be removed, including indoor physical modifications and accommodations to 
enhance the accessibility and usability of the home environment, increase safety, 
and reduce difficulties in activities’ performance [12]. Physical modifications 
involve installing ramps in staircases and safety bars in bathrooms, making pre-
mises more accessible and useable [13]. Liu and Lapane [14] stated that envi-
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ronmental modifications in a residential building, such as street-level entrance, 
railings, automatic doors, bathroom and kitchen modifications and elevator or 
lift, could potentially influence an individual’s ability to perform basic tasks ne-
cessary for daily functioning. Building Information Modeling (BIM) is a concept 
used in the AEC industry all over the lifecycle of a project, from design and do-
cumentation passing through the construction stage to operation [15]. BIM has 
significant benefits related to the rich project information, geometry, materials 
properties, and the building process through the project’s life cycle [16]. The in-
creased use of BIM in the construction industry provides a unique opportunity 
for integrating Universal Design principles into buildings’ model as a funda-
mental strength of the interoperability of BIM tools to other programs. Coupling 
BIM and UD have the potential to produce high-performance and universally 
designed facilities. Applying UD guidelines to the built environment at the early 
design stage would facilitate the creation of homes based on owners’ needs. It 
would be adequate throughout their lifespan despite the changes in their cir-
cumstances or abilities [17]. While existing studies such as [17] and [18] pro-
posed models to incorporate universal design standards at the conceptual design 
stage, these studies are limited to creating design families and integrating them 
into BIM tools based only on the National Building Codes of Canada. The au-
thors were not able to find literature about an integrated/automated model that 
has the capability of combining various standards and guidelines in a single 
model that couples universal design and accessible design standards with Build-
ing Information Modeling to help designers apply them at the conceptual design 
stage. This study adequately incorporates various universal design and accessible 
design standards and guidelines to enhance the design for aging in place and 
help designers have instant access to such type of data as well as newly created 
design families that are compatible with those standards and guidelines through 
an automated model. This paper presents the development of an automated 
model that integrates Building Information Modeling with Universal Design 
(UD) and Accessible Design (AD) standards at the conceptual design stage of 
proposed buildings. The said integration will systematically incorporate Univer-
sal Design Standards into BIM environment by developing a database that stores 
those standards and links it to BIM tools. The database stores newly created and 
modified families of architectural components that comply with the different 
Universal Design (UD) and Accessible Design (AD) guidelines. That database is 
integrated with BIM tool by using the tool’s API and by creating an innovative 
plug-in, which is developed for that purpose. This integration would facilitate 
the process of retrieving universal design families while producing the design of 
new buildings under UD/AD standards. Therefore, the main objective of this 
study is to develop an automated computer model that integrates BIM and 
UD/AD standards to help designers incorporate those standards into the design 
of buildings at the conceptual stage to accommodate Canadians despite of their 
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age and health conditions and to help inhabitants age in place; hence when 
aged, they will not be forced to move out to long-term care facilities. The pro-
posed model will provide designers with instant access to information related 
to the desired standards and guidelines, and it will automatically check the as-
sociated design elements to find the ones that do not comply with the selected 
guidelines. 

2. Literature Review 
2.1. Universal Design and Accessible Design 

Universal Design (UD) hypothesis is to design products or environments that 
can be used by people of different ages and abilities without adaptation. This 
theory is widely growing, and it has been expanded towards the scope of inclu-
sive design, which extends the definition of UD by counting inhabitants who 
have been excluded by the rapid change of technology, particularly the aging 
population [19]. The main objective of UD is to provide inclusivity and prohibit 
exclusivity [20]. The term universal design was first defined by the US in 1985 as 
a design approach that incorporates products and building features to the great-
est extent possible that everyone can use [21]. Globally, different terminologies 
have been used to guide to the terms of UD, such as Universal Access (Univer-
sally Accessible), Accessible Design, Adaptable Design, Barrier-Free Design, De-
sign for All, Inclusive Design, User Sensitive Inclusive Design, Cooperative De-
sign and User-Oriented Design. Some of those terms imply different ideas, while 
others have the same meaning [6]. Iwarsson and Ståhl [21] described accessibili-
ty as a term for all parameters that influence human’s functioning in the living 
environment. The accessible environment must match the abilities of a single 
individual or a group of individuals. They describe usability as a measure of the 
effectiveness, efficiency, and satisfaction with which specified users can achieve 
established goals in a particular environment. Accessibility and usability con-
cepts group people into abled and disabled individuals, which result in segrega-
tion, but universal design considers the whole population as one single group of 
individuals that represents diverse characteristics and abilities [21]. Design for 
all is another term more frequently used in Europe and is defined as the design 
for human diversity, social inclusion, and equality [22].  

Persson et al. [23] stated that the most cited explanations of the universal de-
sign concept consist of the following seven principles: Equitable Use; Flexibility 
in Use; Simple and Intuitive Use; Perceptible Information; Tolerance for Error; 
Low Physical Effort; and Size and Space for Approach and Use, which provide a 
framework for designers to foresee the benefits of the design for all users with or 
without disabilities. Carr et al. [24] provided examples to better conceive those 
principles. For instance, automatic sliding doors at the entrance of a public 
building meet at least 6 of those principles. They provide equal access for indi-
viduals with diverse abilities and needs (Principles 1 and 2). They are straightfor-
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ward and intuitive to use (Principle 3). Since they are using sensors to detect the 
presence of a person within a range, they require no physical effort to operate 
(Principle 6). These sensors also ensure that the sliding door will remain open 
for as long as the person stays within the sensor’s range, which minimizes the 
risk of injury (Principle 5). Finally, automatic sliding doors usually are more ex-
pansive than typical swinging doors, making them easier to maneuver through 
the doorway for people using ambulatory aids such as canes, walkers, scooters, 
wheelchairs, crutches, etc. (Principle 7).  

2.2. Building Codes 

Building code provides the mandatory minimum technical specifications for the 
built environment, while the given comments and suggestions are to have a 
higher standard for designers [25]. Improving accessibility is attained through 
the enactment of new legislation and the development of new policies or mod-
ifying the existing standards and policies [26]. Accessibility standards have been 
in place for many years in Canada; they intend to create equitable, barrier-free 
access to communities, workplaces, and services for people with disabilities. Na-
tionally, few provinces and cities have either adopted the national standards or 
implemented their own standards. The province of Ontario was one of the first 
jurisdictions in the world to enact the Accessibility for Ontarians with Disabili-
ties Act (AODA) in 2005, which sets specific enforceable goals for accessibility 
while Manitoba and Nova Scotia were next in 2013 and 2017, respectively. The 
proposed Accessibility Act in British Columbia (B.C.) is currently under review 
after its first reading was completed in 2019, as illustrated in Figure 1 [26]. 
However, the authors noticed that the accessibility legislation has just been 
passed by B.C.’s government. In recent times, the Accessible Canada Act (ACA) 
passed through legislation to create communities, workplaces, and services that 
enable all persons, including persons with disabilities, to fully participate in so-
ciety without barriers. The different legislations forced many cities and provinc-
es to adopt the accessibility standards; however, that adaptation varies from one 
province to another and from one city to another [26]. The National Building 
Code of Canada (NBCC) was introducing the accessibility requirements since 
1965 when accessibility was mentioned for the first time as a Supplement to the 
National Building Code entitled “Building Standards for the Handicapped” [18]. 
Provincial and territorial governments have the authority to pass legislation that 
regulates buildings’ design and construction within their jurisdictions. That leg-
islation may adopt the National Building Code (NBC) without any changes or 
with some necessary modifications to make it suits the local needs [27]. Many 
Canadian provinces and cities provide guidelines for accessibility requirements 
and guidelines based on the National Building Code of Canada, either as it is 
published or after modifying it based on their business needs. 

The Canadian Human Rights Commission [25] published a study entitled 
“International Best Practices in Universal Design,” in which they claimed that  
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Figure 1. Provinces with accessibility legislation [26]. 
 
only half of the countries around the world have developed and included acces-
sibility criteria in their building codes and standards. Some countries have 
well-developed technical specifications, while others are still working on includ-
ing accessibility criteria in their building codes. The study compared the Cana-
dian B651-M95 Barrier-Free Design Standard and the National Building Code of 
Canada with other codes and standards used in different countries around the 
world, such as the UK, US, Japan, Australia, Nordic countries, and Fiji, to de-
termine the optimum practices based on UD principles by providing and com-
paring accessibility codes and standards for different design elements in a tabu-
lated format and then to determine the best practice for the selected elements. 
The result of the study described UD’s best practice as being the affordable 
building practices and procedures that comply with UD principles and that meet 
the needs of the broadest range of people [25]. Nwadike & Wilkinson [28] listed 
several challenges when using building codes and standards, such as: Poor un-
derstanding of building code compliance documents; Lack of qualified technical 
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staff on the part of the building codes; and inadequate training for code users. 
Soliman-Junior et al. [29] believe that regulatory requirements might be subjec-
tive because they rely on designers’ interpretation and creativity. On the other 
hand, with the demographic shifts and growth in the aging population, expecta-
tions for using universal design standards and accessibility design standards 
have increased significantly in recent years. Moreover, the COVID-19 pandemic 
has accelerated the need to provide inclusively designed homes for all. There-
fore, several researchers, such as Soliman-Junior et al. [29], recommend automa-
tion to help designers access and use the standards and codes and to provide 
them with the necessary information whenever it is needed. 

2.3. Building Information Modeling 

Building Information Modelling (BIM) is defined as the process of generating, 
storing, managing, exchanging, and sharing building information in an intero-
perable and reusable way. It represents the process of developing and using a 
computer-generated model to simulate the planning, design, construction, and 
operation of a facility [30]. Ding et al. [31] defined BIM as a digital representa-
tion of a facility’s physical and functional characteristics. It is a shared source of 
knowledge and information about a facility forming a reliable basis for decisions 
during its lifecycle, from earliest conception to demolition. Wu et al. [32] de-
scribed BIM as a novel approach in the AEC industry that is implemented in a 
data center, which integrates geometric and functional information during the 
lifecycle of a building that is presented in a visualized 3D model. BIM supports 
solid spatial cognition by revealing most design issues early during the design 
stage. Antwi-Afari et al. [33] considered that BIM has received considerable at-
tention from academia and industry because of its latent potential and capability 
to achieve performance improvement in the architecture, engineering, construc-
tion, and owner-operated (AECO) sector. It is a dynamic, rapidly changing and 
expanding system that can revolutionize the construction industry. Automation 
in the modeling process, improving the accuracy of construction documents, 
enhancing the communication among parties during the design and reducing 
the field coordination problems are the most critical factors that lead to BIM 
adoption in a project [34]. Abanda et al. [35] emphasized that the common fea-
ture in all the provided definitions of BIM is its process, which is facilitated and 
driven by people through its tools that consists of the three following dimensions 
that need to be incorporated when adopting BIM approach: process; technology; 
and people. Zhang et al. [36] stated that by rapidly increasing the elderly popula-
tion, housing issues are the main barrier to implementing aging in place strategy 
and encouraging people to age in their residences. Although many studies have 
contributed to age-friendly cities and communities, few studies had the focus on 
measuring age-friendly housing. Numerous data are required to assess the 
age-friendly housing and to offer enough tangible actions or recommendations 
for planners and policymakers. Digital techniques such as BIM tools are utilized 
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to facilitate the data collection and to accelerate the assessment in actual 
projects. BIM techniques are widely applied in different types of assessment for 
housing. Even though age-friendly housing is complicated, and its evaluation is a 
time-consuming process, utilizing BIM would significantly optimize the tradi-
tional assessment flow by integrating multi-sources of data. Integrating Univer-
sal Design (UD) with Building Information Modeling is an efficient way to 
monitor the compliance of buildings’ design with the UD guidelines. BIM model 
is a virtual representation of the facility’s physical and functional characteristics 
in a digital format, which provides detailed and reliable information for deci-
sions during the facility’s life cycle. BIM has the potential to share a platform 
API that provides users with a chance to integrate external applications [37]. 
Therefore, accessibility requirements can be integrated into BIM during the de-
sign of a project at the conceptual stage and thereafter during the construction 
phase. Coupling BIM and UD has the capability to produce high-performance 
and universally designed facilities.  

2.4. Overview of the Existing Studies 

Although there are substantial studies that used BIM during the various phases 
of a project, but limited research work was conducted about the integration of 
BIM and UD. Jrade and Valdez [18] described the methodology used to develop 
and implement a model that incorporates a database management system, which 
stores detailed information about architectural components and elements that 
are used to execute universal design based on the inhabitant’s requirements and 
needs. They created a database storing newly developed design families based on 
the National Building Codes of Canada, and they linked it to BIM tool (Auto-
desk Revit©) at the conceptual design stage. Jrade and Jalaei [17] presented a 
methodology to develop and implement an integrated model that links BIM with 
energy analysis and LCA tools to execute sustainable universal design at the 
conceptual stage for Canadian houses. Their model evaluates and compares the 
life cycle cost and benefits of conventional and sustainable universal houses.  

However, one of the limitations of the above-mentioned studies is in creating 
UD families based only on the National Building Code of Canada (NBCC) and 
then incorporating them into the design, while the described model in this paper 
provides the designers with the option to have full access to various universal 
design and accessible design standards and guidelines including the NBCC also 
in addition to multiple guidelines and standards collected from other countries 
in an attempt to increase the efficiency and variety of the information needed for 
the design of universal buildings regardless of their locations. Furthermore, the 
model has the ability to automatically check the design elements and compare 
them with the selected standard or guideline to make sure they meet their re-
quirements. Several studies implemented in the past by Cheng J. and Das M. 
[38]; Choi J. and KIM I. [39]; Kincelova, et al. [40]; Patlakas et al. [41]; Na-
rayanswamy et al. [42]; Häußler et al. [43]; Khattra et al. [44] focused on inte-
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grating BIM and building codes or standards in different areas such as architec-
ture, structures or green buildings. However, their emphasis was mainly on au-
tomating building code compliance checking within a BIM environment by us-
ing different ways and methods, such as IFC or gbXML file format, Dynamo 
visual programming, C# programming and BIM tool Application programming 
interface (API), MATLAB computing environment and rule-based checking en-
gines or commercial software such as Solibri Model Checker (SMC). However, 
the current study is not limited to building code compliance checking. Yet, it 
uses various standards and guidelines related to both universal design and ac-
cessible design and integrates them into BIM tool by using its API and C# pro-
gramming. One of the functions of the proposed model is its capacity to check 
and compare the design items with the various sources simultaneously, mainly 
in the form of the design items’ dimensions. Another innovation of the pre-
sented model is its ability to help designers retrieve detailed information con-
cerning the selected design elements in the form of dimensions, colour, and tex-
ture in addition to other descriptive information and to access the original asso-
ciated documents of the selected standard instantly while doing the design. Al-
sayyar and Jrade [4] proposed a methodology to integrate BIM with Sustainable 
Universal Design (SUD) principles and requirements through a Visual Basic in-
terface (VB.NET) to evaluate the benefits and costs of adopting such type of de-
sign for buildings over their anticipated life. Türkyılmaz E. [45] stated that ac-
cessible design is critical to the social integration of disabled people by improv-
ing their quality of life. Design’s decisions that comply with the inhabitants’ 
needs can create a more compatible and high-quality living space. Furthermore, 
they stated that conventional methods of design are currently used, while their 
results are not compatible with the accessibility regulations. BIM is an excellent 
option to control and evaluate the accessibility criteria. Therefore, they proposed 
a BIM-based analyzing method that integrates BIM tool with a model checker 
software to compare the designed model with a set of accessibility rules, which 
were generated from the Turkish accessibility standards to analyze the living 
spaces based on the standards, then to generate a report to show whether the de-
sign is compatible with the standards or not and to list the incompatible items.  

Thus, this paper describes the design and development of an automated mod-
el that integrates BIM and Universal Design standards and accessibility guide-
lines through an extensive database, which is linked to BIM tool. The model 
would help owners and designers do the design of universal and accessible 
buildings at the conceptual stage. Guidelines from several Canadian provinces 
and major cities were collected, evaluated, and stored in a database developed for 
that purpose and linked to the model to help designers incorporate univer-
sal/accessible design standards while doing the design of buildings regardless of 
their location in an easy and efficient way. In addition, different related guide-
lines from other countries, such as the United States, were collected and stored 
in that database to increase the efficiency and variety of the data for designing 

https://doi.org/10.4236/ojce.2022.124028


V. Rostamiasl, A. Jrade 
 

 

DOI: 10.4236/ojce.2022.124028 501 Open Journal of Civil Engineering 

 

universal buildings that are outside Canada. It is worth mentioning that only 
publicly available documents, including accessibility legislation, standards, or 
guidelines, were included in this study. This process is fully automated and 
achieved via a newly developed plug-in by using and modifying the API’s of BIM 
tool.  

3. Development Methodology 

The development of the integrated model requires an instant and automatic 
access to the necessary data in the form of design families to simplify the crea-
tion of facilities that comply with the universal design standards and to help de-
signers and owners select an optimal design based on their defined criteria. 
Generally, a computer model should meet three requirements known as flexibil-
ity, transparency, and functionality in order to help designers incorporate uni-
versal design standards and guidelines while creating the design of homes to ac-
commodate inhabitants so they would age in them. The functionality require-
ment is to help designers have quick access to all the data and design families 
that are compatible with the different universal design and accessible design 
standards and guidelines. Whereas the transparency requirement is to aid de-
signers identify and understand the reliability, suitability and relationships be-
tween the data used in the model. Where flexibility is to have the model easily 
manageable during its implementation, operation, and maintenance by enabling 
designers to add and modify the stored data in a user-friendly way, in addition 
to automation, which gives designers instant access to the data and the newly 
created design families in a computerized way. Moreover, the model meets the 
automation requirements by having the capability to automatically check and 
compare the design elements based on the selected standards or guidelines to 
ensure they comply with their requirements. To achieve the main objective of 
this study, which is the development of an automated computer model to facili-
tate the adoption of universal design and accessible design standards and guide-
lines at the conceptual design stage of building projects, the required data and 
information for the proposed integrated model were collected from different 
sources, such as the literature, published standards and guidelines, and govern-
mental agencies. The integration process flow, as shown in Figure 2, consists of 
three phases in order to achieve the integration of UD, AD and BIM: A Know-
ledge and family Database development phase; A Data interaction environment 
phase; and A BIM 3D model design phase. The first phase consists of developing 
two databases, the first is a knowledge database and the second is a design fami-
lies database to store the newly created design families and the collected infor-
mation and data, which are related to universal design and accessible design 
guidelines in an attempt to simplify the process of designing universal and ac-
cessible buildings at the conceptual stage. The second phase focuses on develop-
ing new plug-ins to be inherited into BIM tool (i.e., Autodesk Revit©) by using 
the tool’s API. The plug-ins will be used to link the developed databases in phase  
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Figure 2. BIM-UD integration process flow. 

 
1 with BIM tool to facilitate the selection of new design families and the retrieval 
of the associated data and information. This integration will systematically in-
corporate Universal Design Standards into BIM environment at the conceptual 
design stage. It will facilitate the process of retrieving universal families of archi-
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tectural components by incorporating the UD standards into the design. The 
third phase focuses on designing and creating a 3D BIM design model by using 
the databases and newly created plug-ins developed in phases 1 and 2, respec-
tively. The design is based on pre-defined criteria set by owners to incorporate 
UD standards to achieve the best practical scenario to meet inhabitants’ re-
quirements and expectations. 

Phase 1: Database Development 
This phase consists of developing two major databases: a standard database, 

and a design families database. To accomplish the standard database, data from 
universal design and accessible design guidelines are collected and stored in it 
and categorized into four different levels. The first is at the national level, such as 
the National Building Code of Canada (NBCC) and CAN/CSA B-651-18 Ac-
cessible design for the built environment. The second is at the provin-
cial/territorial level, such as Barrier-Free Design Guide, Alberta, and Building 
Design Guide-Barrier-Free Design, Government of Saskatchewan. The third is at 
the municipal level, such as Accessibility Design Standards, City of Ottawa and 
Facility Accessibility Design Standards, City of Mississauga, while the fourth is at 
the international level, such as American National Standards Institute (ANSI). 
However, in this database, the collected data is divided into quantitative data and 
qualitative data. The qualitative data consists of all the descriptive information 
related to the objects and components used in the 3D model, such as compo-
nents’ colour, texture, type, and associated materials. In contrast, the quantita-
tive data comprises numerical information, mainly in the form of dimensions 
extracted from the guidelines. Data is stored in a series of tables forming the 
Knowledge Database that holds over seventeen guidelines collected from various 
sources, as displayed in Table 1. Unique abbreviations are created to identify the 
guidelines in an effort to simplify recalling and storing them, as shown in Table 
1. Some guidelines have their own abbreviation, such as NBCC, CMHC and 
ANSI. The Families Database is formed to store newly created and/or modified 
design families, which are already inherited in BIM tool (i.e., Autodesk Revit©) 
based on the stored information and data in the knowledge database. Those de-
sign families have either the Revit Families (RFA) or the Revit projects (RVT) 
file formats and are stored in the corresponding database.  

The data and information used in this study are collected, grouped, and stored 
based on two sets the Residential dwellings Data and Families (Indoor Items), as 
shown in Table 2, and the Public Area Data and Families (Outdoor Items), as 
represented in Table 3. Those tables clearly state the type of data related to any 
item stored in the knowledge database or the design families’ database by placing 
an asterisk (*) beside the item. All the stated guidelines were examined and eva-
luated in order to collect all the relevant data. The evaluation showed that some 
indoor or outdoor items were not covered in all the guidelines; therefore, all the 
data covered by each specific guideline are listed in Table 4 and Table 5. Under 
the guideline’s name, an asterisk (*) is inserted, which indicates that the item is  
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Table 1. Various guidelines stored in the standard database. 

Level 
Standards Database 

Accessible Design Guidelines Universal Design Guidelines 

Level 1: national level 
National Building Code of Canada (NBCC) 
CAN/CSA B-651-18 Accessible design for the built environment 
(CAN/CSA) 

Canada Mortgage and Housing 
Corporation (CMHC) 

Level 2: provincial/ 
territorial level 

Barrier-Free Design Guide Alberta (BFDGA) 
Barrier-Free Design Guideline, Yukon (BFDGY) 
Barrier-Free Design Saskatchewan (BFDS) 

 

Level 3: 
municipal level 

Accessible Design Guideline, City of Toronto (ADGT) 
Facility Accessibility Design Standards, City of  
Mississauga (FADSM) 
Ottawa Accessibility Design Standards (OADS) 
Facility Accessibility Design Standards, London, Canada (FADSL) 
Barrier-Free Design Guideline, City of Hamilton (BFDGH) 

Universal Design Handbook, 
Calgary (UDHC) 

Level 4: 
International level 

American National Standards Institute (ANSI) 
Fair Housing Act Design Manual, USA (FHADM) 
Uniform Federal Accessibility Standards (USA) (UFAS) 

The Centre for Excellence in 
Universal Design, Ireland 
NDA (CNUD) 
Universal Design by Selwyn 
Goldsmith (UDSG) 

 
fully covered by the guideline, while “N/A” implies that the item is not covered, 
and “limited” means that the item is partially covered, and its associated data or 
information is limited. The significant contribution of the developed database 
residents in enhancing the functionality and capability of BIM tools at the con-
ceptual design stage to help designers incorporate Universal Design standards 
and Accessible Design guidelines easily while designing proposed buildings. The 
aim of developing a separate database of families is to load them every time BIM 
tool (i.e., Autodesk Revit©) opens and to access them via the newly created 
plug-in. This makes the created families instantly accessible when they are 
needed during the design process. The developed databases in this phase can be 
easily updated whenever new or modified versions of the standards and guide-
lines are released. These accurate standards and guidelines are published by the 
federal or provincial governments, who are trustful sources. However, the ver-
sion and the year of publication are indicated in the original documents, which 
are instantly accessible by the designers through the model. While currently up-
dating those documents is done manually, the authors are working on making 
that update automatic. 

Phase 2: Data Interaction Environment 
This phase focuses on developing new plug-ins in BIM’s tool (i.e., Autodesk 

Revit©) by using its API and C# programming language to link the developed 
databases in phase 1 to it in order to facilitate the selection of new design fami-
lies and the retrieval of their associated data and information while creating 3D  
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Table 2. Residential dwellings data and families (indoor items). 

Indoor Item Subset 
Knowledge 
Database 

Family 
Database 

Kitchen 

Kitchen Size, Layout (Flexibility…), Minimal Effort (Low Physical Effort),  
Adaptability, Ease of Cleaning (Finishing material, …), Safety,  
Ease of Use, Furniture Size 

* 
 

Elements and Furniture (Counters, Cupboards, Drawers and Pantries, Sink, Oven, 
Microwaves, Refrigerators and Freezers, Highlights in furniture design (Equitable 
Use, Flexibility in Use, Simple and Intuitive, Perceptible Information, …) 

 
* 

Bathroom 

Size, Layout, Framing, Adaptability, Ease of Cleaning (interior Finishes),  
Safety (Finishing and Grab bars) 

* 
 

Sanitary Facilities (Water Closets, Showers, Bathtubs, Toilets, Showers, Toilets,  
Vanities, Lavatories) Elements and Furniture (Drawers and Storage, Grab Bars, 
Lighting, Switches and Controls, Towel Dryers), Doors (Size, Opening Side, Lock 
System, Threshold Height…) 

 
* 

Restroom 
(WC) 

Standard Size, Layout (Doorway, …) * 
 

Sanitary Facilities (Water Closets, Grab Bars, Lavatories, Automatic Flush Controls), 
Washroom amenities (hand dryers, paper towel dispensers, soap dispensers, waste 
bins, mirrors, changing stations and tables), Door (Size, Opening Side, Lock System, 
Threshold Height, …) 

 
* 

Bedroom 
Standard Size, Layout (Doorway, Closet, and …) * 

 
Furniture (Bed, Closet), Door Size and Location, Window (Easy to Operate, …) 

 
* 

Living 
Room 

Size, Layout, Framing, Adaptability * 
 

Furniture, Door (Size and Location, lock System, Opening Side, Doorway),  
Window (Easy to Operate)  

* 

Elevator 

Elevator Cabin Size, Elevator Door (Location and Type), button and  
Signage Requirements, Visible and Audible Indicator 

* 
 

Door, Cabin, Keypad (button and Signage) 
 

* 

Parking 

Design and Layout (Safe & Clear Path of Travel, Close to Mail Entrance),  
Parking Location and distance to the elevator and exit Route & Size,  
Signage and Pavement Markings, Flooring Materials 

* 
 

Signs (International Symbols), Lighting, … 
 

* 

Stair 

Ground and Floor Surfaces, Guards and Handrails, Tactile Walking Surface  
Indicators, Design Features, Treads and Risers, Nosing 

* 
 

Attachments (handrail & barrier), Nosing and Risers Type, … 
 

* 

Ramp 

Ground and Floor Surfaces, Guards and Handrails, Tactile Walking Surface  
Indicators, Lighting, Running Slope, Cross-Slope, Edge Protection,  
Clear width, Landing size 

* 
 

Attachment (handrail & barrier) 
 

* 
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Continued 

Entrance 
Area 

Size & Layout (Free Path of Travel, Suitable for Wheelchair traffic),  
Clear of Wind and Snow Proper Drainage, Floor and wall finishing Materials  
(Door Mats), Control System 

* 
 

Door, Control System Device 
 

* 

Door & 
Gate 

Size and Dimension (Opening Side, Lock System, Threshold Height…),  
Layout (Path and Doorway…) 

* 
 

Doors, Attachments (lock System& Right or Left Opening, Handel,  
Fastening Device)  

* 

Window 
Size and Dimension * 

 
windows, Attachments (lock System & Opening System, Easy to Operate) 

 
* 

Guards and 
Barrier 

Size (Height, Railing or Solid Type, …) * 
 

Railing or Solid Type Model 
 

* 

Turnstile, 
Gate Area 

Size, Layout, Wall and Floor material (Technical Information) * 
 

Attachments (handrail & barrier) 
 

* 

Grills & 
Gratings 

material (Technical Information) * 
 

Opening Size Limit, Installation Details 
 

* 

floor 
material (Technical Information) * 

 
Finishes, Grating & cover, Installation Details 

 
* 

Wall 
material (Technical Information) * 

 
Opening, Attachments (sign, lighting, …) 

 
* 

Ceiling 
material (Technical Information) * 

 
Installation Details, Attachments (detector, sprinkler, lighting, …) 

 
* 

 
design models of proposed buildings. Autodesk provides powerful APIs (Appli-
cation Programming Interface) and SDKs (Software Development Kits) that al-
low users to customize and alter the used tool based on their needs. At first, de-
signers need to access the various universal design standards and associated fam-
ilies by using the created plug-in before starting the design process. Then after, 
they can view, download, share and print the associated documents of the se-
lected standards easily and instantly. Microsoft Excel© and MySQL© are used to 
create the knowledge database, while C# and Dynamo visual programming are 
used to automate the process of transferring the data. The variation of the rela-
tional database servers depends on how the information is stored and how users 
can access that information concurrently. In general, databases are either remote 
databases, such as Structured Query Language (SQL) that reside on separate 
machine/machines or local databases, such as MS Access, that reside on a local 
drive or network. Local databases are tied to a fixed location, such as a device or 
a local network. In contrast, remote databases and cloud servers are available 
and accessible via the internet by any PC or mobile device from any location.  
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Table 3. Public area data and families (outdoor items). 

Outdoor Item Subset 
Knowledge 
Database 

Family Da-
tabase 

Exterior Path, 
Access & Free 
Path of Travel 

Width of Exterior Walks-Doorway Clear Width Exit Device-Clear Space at Sides of 
Doors-Threshold Height (Dimension & Size) 

* 
 

Attachments (handrail & barrier, Access control) 
 

* 

Passenger  
Loading Zone 

Design and Layout, Relationship to Accessible Routes, Tactile Walking Surface 
Indicators (Floor Surface), Sign Location, Curb Ramps and Depressed Curbs, 
Lighting, Dimension & Size 

* 
 

Parking 
Design and Layout, Parking Location and distance to elevator and  
exit Route, Dimension & Size, Signage and Pavement Markings,  
Additional Considerations-On-Street Parking 

* 
 

Ramp 

Ground and Floor Surfaces, Guards and Handrails, Tactile Walking  
Surface Indicators, Lighting, Running Slope, Cross-Slope, Edge Protection,  
Clear width, Landing size 

* 
 

Handrails and Guards 
 

* 

Stairs 
Ground and Floor Surfaces, Guards and Handrails, Tactile Walking  
Surface Indicators, Design Features, Treads and Risers, Nosing 

* 
 

Handrails and Railing 
 

* 

Elevator & Lift 

Elevator Cabin Size, Elevator Door Requirements, Lift Platform Size,  
button and Signage Requirements 

* 
 

Door, Cabin, button, and Signage 
 

* 

Water Closet 
Stalls (WC) 

Design and Layout, Door and Furniture Requirements (Threshold Height,  
Door Pull Location and Detail, Grab Bars, …) 

* 
 

Furniture and Door 
 

* 

Rest Area 
Ground and Floor Surfaces, Seating, Tables and Work Surfaces, Lighting,  
Design, and Placement, clear floor space 

* 
 

Furniture 
 

* 

Public Transit 
Area 

Design and Layout, Signage and Wayfinding, Controls and Operating  
Mechanisms, Ground and Floor Surfaces, Tactile Walking Surface Indicators,  
Elevating Devices… 

* 
 

Elevating Devices, Shelters, Street Furniture, and Equipment 
 

* 

Inclusive Play 
Area 

Key Design Considerations, Entry and Exit Points, Accessible Routes,  
Play space Ground Surface (Material) 

* 
 

Elevated Play Components and other Furniture 
 

* 

Refuge Area 
Design and Layout, Accessibility, emergency electrical power and Lighting,  
fire safety, identify and designated signage 

* 
 

Signage, Lighting, … 
 

* 

Public Space  
Furniture 

Service and Payment Counter, Signage and Wayfinding, Lighting,  
Benches and Seats, Public Telephones, Waterspout…  

* 
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Table 4. Covered items in different guidelines (indoor items). 
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Continued 
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Therefore, in this study, MySQL and a cloud server are used to allow designers 
instantly access the created databases. For that purpose, different tables are 
created in MySQL after making Microsoft Excel tables in the knowledge data-
base. Data is automatically transferred from MS Excel tables to MySQL through 
a set of rules coded by C#. Next, SQL Server is linked to a cloud server to facili-
tate accessing the created databases while the cloud server is connected to the 
created plug-in in BIM tool. All the connections between MySQL, cloud server, 
and the plug-in in BIM tools are automated and coded by C#. Furthermore, oth-
er data in the form of design families and original documents (guidelines) were 
separately stored in the cloud server. The newly created plug-in connects directly 
to the cloud server to recall those design families and original guidelines when-
ever they are needed, while Dynamo was used to connect the plug-in with the 
cloud server and to retrieve the necessary data stored in the MySQL, such as di-
mensions and descriptive data, and then provide them to the designer while us-
ing the plug-in. Also, the developed model automatically checks the design ele-
ments and compares them with the selected standards or guidelines to verify 
that they meet their requirements. This is achieved when the newly created 
plug-in reads the families’ properties, which are used in the 3D design created in 
BIM tool, such as their width, height, length, etc., to make sure they are compat-
ible with the data stored in the cloud server, which are specific to the guideline 
selected by the designer. In case of any discrepancies, the plug-in highlights the 
elements that do not comply with the selected guideline and proposes the correct 
data of those elements related to the selected guideline. The created plug-in has 
the ability to convert the units of measurements used in BIM tool to match the 
units of the stored data in the cloud server in an automatic manner that was 
coded by using C# programming language. 

Phase 3: BIM 3D Design Model 
In this phase, the 3D BIM design model of the proposed building is created in  
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Table 5. Covered items in different guidelines (outdoor items). 
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BIM tool. That step is achieved by using the newly created families and their as-
sociated components, which are automatically loaded and used via the devel-
oped plug-in. Designers would be able to select and retrieve the compatible 
guidelines from the Universal Design standard or Accessible design standard 
stored in the databases of phase 1. Once a guideline and its component(s) are se-
lected during the design process, all the related design families are automatically 
loaded and placed in the same location where the general families of BIM tool 
(i.e., Autodesk Revit©) are positioned to facilitate their use in the design model. 
In that stage, the cloud server will have a two-way interaction with the newly 
created plug-in in BIM tool to help importing and exporting the data from and 
to the database. Dynamo visual programming connects the database to BIM tool 
so that any modification in the design is automatically executed whenever is 
needed. Once the design is complete, the developed plug-in will check all the de-
sign components based on the selected standard and guideline. If the design is 
acceptable, it will be saved; otherwise, a list of required modifications will be 
generated and used to modify the design accordingly.  

Although the model is somehow fully automated, adequate notes have been 
provided in each section to enhance its transparency and useability. In such a 
case, designers can effectively use the model and gain full knowledge of its per-
formance. It is worth mentioning that this study is ongoing, where it incorpo-
rates four major databases: 1) Universal Design Database; 2) Conventional De-
sign Database; 3) Sustainable Design Database; and 4) Sustainable Universal De-
sign Database; however, this paper focuses on the Universal Design Database in 
addition to its Accessible Design sub-category.  
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4. Model Implementation and Testing 

To test the developed model and to examine its performance and capabilities, a 
single-floor residential building located in Ottawa, Ontario, Canada, is used. 
Autodesk Revit© is selected as BIM tool to create the building’s 3D design model 
with all its components such as walls, doors, windows, floor, stairs, cabinets, and 
railings and their associated geometry. To create the 3D design model of the 
proposed building, the families stored in the external database are retrieved 
through the created plug-in, which is named SUD, in Autodesk Revit©. SUD 
helps designers select and incorporate the appropriate standard and guidelines 
from the database. After making the selection, designers must choose the next 
step from different options, such as reading the related documents; comparing 
the different standards and guidelines; checking the created components based 
on the selected guideline; and using the associated design families to implement 
the selected standard into the building’s 3D design model. Once the designer 
clicks the SUD plug-in, as shown in Figure 3, a form appears with a list of op-
tions allowing designers to access the other sections. The most important option 
in that form is the Standard option, so as once picked, the designer is given 
access to the information related to the selected design standard. Upon selecting 
the Universal Design standard, the designer must choose either the Universal 
Design standards or the Accessible Design standards, as illustrated in Figure 3. 

Once a selection is made, a new screen opens, as shown in Figure 4, for the 
designer to choosea specific guideline, then a category, indoor or outdoor, and  

 

 
Figure 3. Snapshot of the created plug-in and the 3D design model. 
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Figure 4. Access all the items listed in Table 2 and Table 3 via the created plug-in. 
 

after that, select the items that are needed for the 3D design model. An efficient 
numeric coding system is used to symbolize the relationships between the stored 
data in the databases and to simplify the retrieval of the necessary information. 
These codes are unique for each item in the form of five-digit keynote codes. 
They represent the division, subdivision, elements, and materials’ names. 

Next, the designer will have access to additional information about the se-
lected item(s) in the form of numerical data, such as the item’s dimensions, and 
descriptive data in the form of comments retrieved from the knowledge data-
base. Figure 5 shows an example of a selected cabinet and its related data. Such 
data helps the designer to anticipate the item’s requirements and ensure that 
they meet the occupants’ needs. Having instant access to this type of data is vital 
since it reduces the possibility of making errors and significantly saves time. 
Once the Document button is clicked, that designer gains access to both the 
original documents of the selected guideline and the specific item, as shown in 
Figure 6. Furthermore, the designer can view, read, share, save, and print those 
documents. As soon as the “Family” button is clicked, the families’ database is 
activated, as shown in Figure 7, then the families related to the selected item are 
automatically placed in the library of Autodesk Revit© to be used in the proposed 
project. The flexibility of the model, besides being user-friendly, resides in the 
ability of managing and modifying the associated databases in an easy and sim-
ple way. In addition to the abilities that were mentioned above, which include 
selecting standards and guidelines, retrieving related data and design families for 
design elements instantly, having access to the original documents, etc., clearly 
demonstrate the functionality requirement of the described model. 
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Figure 5. Selecting appropriate guideline and item and receiving related data. 
 

 
Figure 6. Viewing original documents. 
 

The last button on the form is the “Standard Check” button. By clicking that 
button, the designer can check if the components used in the 3D design model 
comply with the selected guideline and to make sure the standard’s requirements  
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Figure 7. Automatically placed families in the appropriate location and ready to use in the design. 
 

are met. If errors are found, they will be highlighted in red. For example, if the 
designer selected the Universal Design guideline from the city of Calgary, the 
Indoor category, and Door as an item, as shown in Figure 7, a new screen opens 
upon hitting the “Standard Check” button, where all the standard selections, 
guidelines and the specific item are listed. The item(s) that does/do not meet the 
requirements of the selected guideline are highlighted in red, as shown in Figure 
8, where doors number 2 and 3 have their width less than the minimum width of 
920 mm as stated in the selected guideline. To fulfill the model’s transparency 
requirement, adequate notes were added for each section to help designers better 
understand the functions of the selected section and its use, as shown in Figure 
9.  

The developed model is bilingual; therefore, designers can select their lan-
guage of preference before using the model and its associated components, As 
shown in Figure 10. 

5. Discussion 

The automated model described in this study helps designers to have full access 
to the various standards and guidelines related to universal and accessible de-
signs along with the National Building Code of Canada (NBCC), as well as to 
access multiple guidelines and standards from other countries in an attempt to 
increase the efficiency and variety of the data needed to design universal build-
ings. Comparing the presented model with the ones listed in the literature, 
which integrate BIM with UD and incorporate Universal Design standards used  
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Figure 8. Comparing items dimensions in the 3D model with the selected guideline. 
 

 
Figure 9. Function and use of each section. 
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Figure 10. Bilingual capability of the created model. 
 

at the conceptual design stage, reveals that the current model is comprehensive, 
merges different standards and guidelines, supplies designers with build-in cop-
ies of those standards and has a one step further by being able to check the de-
sign if it meets the selected standard and guideline. While the ones listed in the 
literature are limited to one single standard, which is the NBCC. 

They have reduced the number of predefined design families for components 
most commonly used in designing buildings. For instance, Jrade and Valdez [18] 
proposed a model to include a database management system that stores archi-
tectural components and elements that are universally designed based on the 
National Building Codes of Canada, while Jrade and Jalaei [17] continued the 
work of Jrade and Valdez [18] and presented a model that links BIM with energy 
analysis and LCA tools to execute sustainable universal design at the conceptual 
stage for designing Canadian houses. One of the advantages of the current mod-
el is its competency to provide designers with a variety of information about all 
the design elements in the form of dimensions, colour, texture, and other de-
scriptive information, in addition to providing instant access to the original do-
cumented standards in an automatic way. Despite that some of the existing stu-
dies are related to the integration of universal design standards and Building In-
formation Modeling at the conceptual design stage, but those are focused on 
creating design families based only on the National Building Codes of Canada 
and integrating them into BIM tools, whereas this study incorporates various 
universal design and accessible design standards and guidelines including the 
NBCC to help designers have instant access to various type of data as well as 
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newly created design families that are compatible with those standards and 
guidelines including multiple guidelines and standards collected from other 
countries via an automated model in an attempt to increase the efficiency and 
variety of the information needed for the design of universal buildings regardless 
of their locations. Another innovation of the developed model is its ability to 
automatically check the design elements and compare them with the selected 
standard or guideline to verify that the design elements meet the selected stan-
dard and guidelines’ requirements. Regardless of the many advantages of the 
described model (i.e., reducing future modification and alteration, minimizing 
the associated costs of designing homes based on inhabitants’ needs), it has sev-
eral limitations and constraints. One of its major limitations is that not all the 
building components were converted as Autodesk Revit© families to meet the 
UD standards. Therefore, designers must read the guidelines and apply their re-
quirements while designing and using those components. Designers can access 
those guidelines from within the described model via a plug-in that was devel-
oped and inherited into BIM tool. Once a specific item is selected, the designer 
has instant access to the guideline and the descriptive data related to that item. 
Another limitation of the model is that most of the guidelines cover policies re-
lated to accessibility in buildings only, while universally designed buildings need 
additional information beyond the ones of accessibility, which means it does not 
cover all the areas that are necessary to achieve a complete universally designed 
building. Thus, for future work, it is recommended to enhance the model’s effi-
ciency by storing additional data and suggestions concerning universal design to 
accommodate more people to the greatest extent possible. The authors are 
working on adding aging-in-place policies to the model to extend and enhance 
its database to help designers consider seniors’ needs when designing age-in 
homes. Moreover, the databases are cloud-based; while there are several advan-
tages of cloud storage services over physical/local storage methods, such as easily 
sharing files and collaborating with others, but they still have some limitations as 
well (i.e., designers must have continuous access to the internet when using the 
model to benefit from all the data and newly created design families stored in the 
external database). 

6. Conclusion 

This paper described the development of an integrated model that couples BIM 
and universal design standards and accessibility guidelines to be considered by 
designers when modeling the design of building projects for Canadians to age in 
them. The philosophy of universal design, UD, persuades the development of 
design guidelines used during the design process. UD makes facilities usable 
over the entire lifespan of inhabitants. The increased use of BIM by the AEC in-
dustry due to its integration capabilities with external applications provides an 
opportunity to incorporate universal design and accessible design standards into 
the BIM environment at the early stage of designing building projects. One of 
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the novelties highlighted in the developed model residents is the development of 
an automated method that employs a newly created plug-in to assist designers in 
instantly accessing UD standards and incorporating them while designing pro-
posed buildings at the conceptual stage. The model’s development was imple-
mented through three phases; phase 1 focused on collecting, categorizing and 
storing data from various universal design and accessible design guidelines, then 
databases were created to store these data as well as the newly created/modified 
design components; phase 2, consisted of developing new plug-ins in BIM tool 
(Autodesk Revit) to link the developed databases with Revit by using its API and 
C# in order to automate the process of retrieving necessary information and 
components from the database; phase 3, comprised the creation of a 3D BIM 
model by using the data from the databases of phase 1 and the plug-ins of phase 
2. This study focuses on the conceptual design stage of facilities, where designers 
need to have access to vital information when selecting and applying the UD 
standards to proposed projects that should meet owners’ goals. Reducing future 
modification and alteration and minimizing associated costs are parts of the ut-
most advantages of the developed model. Adopting UD principles early during 
the design stage contributes to creating and constructing buildings that comply 
with elderlies’ requirements who want to age in their homes rather than going to 
long-term care facilities where there is a high risk for them to be affected by un-
predictable situations such as Covid-19 pandemic. Future work can explore in-
tegrating plan review systems and building code checker software into the model 
to enhance the capability of the model’s code compliance checking. Further-
more, adding aging-in-place policies to the model enhances the efficiency of the 
database and helps designers consider seniors’ needs when designing age-in 
homes. 
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