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ABSTRACT

Building Inspection with Automated Code Compliance Checking

Tang Hung Nguyen

Inspecting existing buildings for conformity with current regulations is often
difficult to carry out for people lacking expertise in code compliance checking. The
difficulty is due to the complexity of building codes which inherently contain a large
amount of regulatory information with multiple cross references. Building inspectors on
site do not have much time to properly interpret and judge the building regulations.
Misinterpreting and overlooking the building code information may lead to serious
problems with respect to building safety due to code wviolations. To overcome such
problems, building inspectors must be provided with a computer-based tool which

facilitates the building code compliance checking process.

The present research aims at developing an automated approach for the diagnostic
of existing buildings during inspection. The proposed methodology is that of an intelligent
system combining current computer technologies such as expert systems, databases, and
hypertext techniques. The expert system represents and reasons with specialist knowledge
to diagnose problems with code compliance checking whereas the database and hypertext
techniques are efficient for handling cross references among distinct building subsystems

and disciplinary viewpoints in data management systems.

The development of such an automated code checking system is characterized by

two tasks: the establishment of a knowledge base consisting of building code requirements

iii



in Part 3 of the National Building Code of Canada, and the incorporation of a data
management module. The knowledge base is developed through three steps. First, code
documents are broken into specific categories to be considered during compliance
checking. Next, following the inherent logic for each compliance category, decision trees
are developed in such a manner that the data required for checking is systematically
collected with a minimum number of queries. The final step is to structure decision trees in
a format suitable for computer-based system implementation. The data management
module incorporated into the automated system allows the user to browse through
documents. By using the hypertext technique, the text of the National Building Code of
Canada as well as relevant case studies are stored as extermal databases that are

dynamically linked to the automated code checking system.

The research methodology has been implemented in a software prototype known

as Health and Safety Expert System (HASES). The prototype system relies on knowledge
and reasoning to interpret the requirements of Part 3 of the National Building Code of
Canada. HASES aims at facilitating the inspection of existing buildings by simplifying the
data collection and compliance checking processes, generating reports, and prowviding

access to texts and relevant case studies on the fly, as an inspector walks around a

building.
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Chapter 1

INTRODUCTION

1.1 General

Building code compliance checking is considered an integral part of engineering
design and construction processes. At the design stage, the code checking process is often
very complex to carry out. However, it becomes even more complicated to perform for
existing buildings that are renovated or modified. These buildings must be inspected
periodically for compliance with the current code requirements to ensure the health and
safety of occupants. Usually, code violations are difficult to identify for people lacking the
expertise in code compliance checking. In addition, many on-site inspectors do not have
much time to properly interpret and judge the building safety regulations. They often find
code provisions confusing and overwhelming because of the multiplicity of hierarchical
subdivisions and cross references. Misinterpreting and overlooking the building code
information may lead to serious problems with respect to building safety due to code
violations. Recently, the emergence of information technologies have provided new
effective approaches to automation in building code compliance checking. This makes it
possible to develop a computer-based system capable of facilitating the building inspection

process.
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1.2 Building Inspection Issues

Building inspection is an examination of construction work completed or in
progress to verify its compliance with the current building code requirements. Normally,
the construction is executed only when the compliance with all applicable code provisions
of the drawings and specifications have been achieved. However. numerous existing
buildings have been found to violate current code requirements. In effect. a recent survey
on Agriculture Canada buildings conducted by Public Works Canada revealed about 1700
occurrences of code violations in 19 buildings due to occupancy changes, renovations,
and building code revisions [PWC 1991]. It has also been reported that most violations fell
in categories of fire, occupancy and building hazards which correspond to the code
requirements found in Part 3, Use and Occupancy, of the National Building Code of

Canada [NBCC 1990].

One of the main reasons for the regulation violations is the lack of proper in-
progress building inspection in which inspectors play an essential role. The main duties of
a building inspector can be summarized as follows [Alhussayni 1996, Personal

Communication]:

@ Carry out technical and detailed inspection from the beginning to the end of
the construction work to ensure conformance with construction permits.

@ Ensure compliance with applicable code provisions by determining the
symptoms of diagnostic problems in code violations, documenting the code
violations (if any), and providing suitable remedial measures to meet the code
requirements.

® Monitor and make sure that the project progresses according to schedule.

& Reject or stop construction work, modification or demolition carried out ~
without permits, violating building code requirements or exposing danger to
public safety.
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Basically. the building inspection process includes three sequential sub tasks: first,
information is gathered about various aspects of the building; second, the information is
compared with applicable code provisions to verify for conformance; and finally,
compliance results are documented as inspection reports which include explanations for
code violations, if they exist, as well as suitable recommendations to meet the code
requirements. To successfully accomplish this process. the building iﬁspector must be
knowledgeable about the building codes. consistent in compliance checking, and
methodical in report writing. However, the on-site inspector normally may not have
enough time and expertise to interpret and identify correctly the building codes which
contain massive, wide-ranging, and very complex regulations of a broad scope [Nguyen
1996, Personal Communication]. Although the field inspector is trained in basic code
usage and interpretation as well as techniques of inspection, the quality of his performance
may be limited. Therefore, it is proposed to develop a computerized system which can

assist on-site inspectors in facilitating the code compliance checking process.

1.3 Scope and Objectives

Checking a design or an existing building for conformance with applicable building
codes is a tedious, laborious, and complicated task. Misinterpreting or overlooking
provisions of the building codes, which is often the case with inexpenienced users, may
lead to serious consequences. An expert system can be developed to effectively simulate
human competence in code compliance checking because the knowledge contained in
codes and standards is largely in the form of rules, and is generally used with a systematic

and sequential process to verify the compliance of buildings [Frye et al. 1992].



The objective of this research is to develop a systematic methodology to obtain a
computer-based system which will assist code practitioners in automating the compliance
checking process in building inspection. The proposed methodology is that of an
intelligent system combining current computer technologies such as expert systems,
databases. and hypertext techniques. The regulatory source used to extract knowledge for
the automated compliance checking system includes code regulations found in Part 3 of
the National Building Code of Canada [NBCC 1990]. The knowledge and information
contained in this part are structured and represented by a knowledge-based system
approach. An external database is used to store the general building data which can be
extracted as needed during the code checking process. Users can view, edit, update and
delete or save this data in the database. Also users can access to the NBCC text and
relevant case studies which are, by means of databases and hypertext techniques,
incorporated in the system to assist in identifying the applicable code provisions and
providing suitable solutions for problems with code violations. Once a compliance check is
completed, its final result is automatically displayed as an inspection report including
building information, code requirements, NBCC references, and check results. The report

then can be sent to an external text file that can be viewed and edited from any text editor.

A research prototype named Health and Safety Expert System (HASES) was
implemented in an attempt to demonstrate the practicality and feasibility of the proposed
methodology. The HASES implementation includes the development of a knowledge base.
a data query user-interface, a compliance checking mechanism, and a data management

module. HASES has been tested to validate the knowledge base in building inspection.

1.4 Organization of the Thesis



The following chapter presents general characteristics of the NBCC and a review

of literature on electronic building codes.

Chapter 3 discusses the cnitical issues in developing an automated code compliance
checking system. identifies some information technology applications as alternative
solutions. and presents the proposed methodology for the development of an intelligent

system to assist in building inspection.

Chapter 4 describes the basic components of an intelligent system including the
expert system and the data management module. A description of the knowledge

representations of the expert system is also provided in this chapter.

Chapter 5 provides the details of the HASES implementation, the main
characteristics of the research project, and the description of a commercial tool to be
selected for developing the prototype system. The validation of HASES as well as

comments on the prototype system are also summarized.

Chapter 6, as a conclusion, identifies the contributions of this research project and
points out the feasibility of the study outcome. Several recommendations for extending the

present work are also presented.



Chapter 2

BUILDING CODES AND ELECTRONIC CODES

2.1 Introduction

Building codes are generally difficult to learn, hard to use, and onerous to apply
[Rosenman and Gero 1985]. "Information technologies have made it possible to provide
instant and accurate access to the vast amount of information contained in building codes
and standards" [Vanier et al. 1994]. Hence, numerous research efforts are in progress
around the world to facilitate the building code compliance checking process through

computer-based approaches.

This chapter provides the contextual background material for the knowledge of
automated code checking systems. The building codes in general and the NBCC in
particular are briefly described to indicate the research direction and to define the extent of
the domain. Some previous work done in the field of electronic codes are summarized to
form part of the basis for the methodology to develop an automated code checking

system: the subject of the study.

2.2 Overview of Building Codes



Building codes play an essential role in construction industry: they are indexes for
constructing safe, durable and reliable structures. Most building codes are developed by
the national authorities of each country; and they are mandatory at a national, regional or
local level. In Canada, the NBCC is a legal document that is adopted by all provinces. It is
basically a set of uniform building regulations and standards for the safety of buildings
with reference to public health, fire protection and structural sufficiency [NBCC 1990].
The NBCC provisions are intended to be applied to the construction of buildings. the
extensions or modifications due to a change in occupancy and the improvement of

buildings [NBCC 1990].

The following subsections provide a brief description and structure of the NBCC
as well as its use in the construction industry. Some Information Technology applications
to the field of building codes, including NBCC electronic prototypes and projects. are also

presented.

2.2.1 General Description of Building Codes

Every country around the world has different national building codes. Each is
generally intended to provide overall regulations for life, health and safety protection. In
the United States of America (USA), building codes are developed by independent private
organizations: the Uniform Building Code of the International Conference of Building
Officials (CBO). the Standard Building Code of the Southern Building Code Congress
International, Inc. (SBCCI), and the National Building Code of Building Officials and
Code Administrators International, Inc. [BOCA 1993]. These three model building codes

are currently adopted by the various regions. states or municipalities of the USA.



The National Building Code of Canada is drafied in such a way that it may be
adopted or enacted for legal use by any jurisdictional authority in Canada [NBCC 1990].
With the exception of some provinces that use their own regional codes by modifying the
NBCC to suit their provincial requirements, most provinces have adopted the original
form of the NBCC. Differences among the national and provincial building codes have
resulted in some of the difficulties in establishing a comprehensive computer-based system
to assist in automatic code checking in Canada. The NBCC includes not only building
standards and regulations for life, health and safety protection; but also other areas such as
environmental protection, barrier-free design [NBCC 1990] and energy conservation. Any
requirements extending the scope of the Code must undergo a thorough consultation with

regulatory authorities before taking effect [NBCC 1990].

2.2.2 Hierarchical Structure of the NBCC

Similar to most national building codes. the NBCC is structured in a well-defined
format as shown in Table 2.1. Its hierarchical structure consists of nine main subdivisions
named NBCC Parts, each concemning general regulation areas. The next levei of
subdivision called NBCC Sections, deals with more specific regulations with different
Headings. such as 'Requirements for Fire Safety’, 'Safety Requirements within Floor
Areas’, '‘Requirements for Exits', 'Service Facilities', etc. An NBCC section is subdivided
into a number of subsections which address very specific subjects such as 'Exits through
Lobbies'. 'Exits Signage', etc. The lowest subdivision having a Heading is NBCC Article
that contains multiple NBCC Sentences stating NBCC regulations. Each sentence may
contain a list of the conditions or requirements for conformance, called NBCC Clauses

and Subclauses.
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All NBCC Parts have the same format of hierarchical structure. The following

example demonstrates the format of the NBCC:

Part 3 Use and Occupancy
Section 3.4 Requirements for Exits
3.4.3. Width and Height of Exits
3.4.4.5. Exit Capacity

(3) The required width of means of egress serving a Group A. Division
4 Occupancy shall be determined by multiplying the occupant load of the area

served by
(a) 1.8 m per person for
(i) aisles, . . .
Table 2.1. NBCC Hierarchical Structure
Number Subdivision Heading
3 Part Use and Occupancy
3.5 Section Service Facilities
3.5.2 Subsection Service Rooms
- . Fire Separations around
3.5.2.1 Article Service Rooms
3.5.2.1.(2) Sentence N/A
3.5.2.1.(2).(a) Clause N/A
3.5.2.1.(2).(a).(iD) Subclause N/A

In general. each of the lowest subdivisions in the NBCC states a specific

requirement. However, one statement may refer to another statement, building standards
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or appendices resulting in multi cross-references throughout the building code document.

The following example illustrates the cross-references in the NBCC:

3.2.4.16 Sprinklers in Lieu of Heat Detectors

(1) Heat detectors in Articles 3.2.4.10 and 3.2.4.11 need not be provided
where an automatic sprinkler system conforming to sentences (2) to (5) and
Article 3.2.5.13 is installed throughout the floor area (NBCC, 1990).

3.2.4.17. Manual Pull Stations
A manual pull station shall be installed in every floor area near every required
exit (See Appendix A).

2.2.3 Use of Building Codes

The building codes are used not only within the design stages but also during the
construction process including extension or renovation of existing buildings. In all design
phases, due to its generally complex nature, the building code is rarely regarded as a
design index or a design guideline and the designers have tendency to avoid official code
literature [Liebing 1982]. Most design professionals do not want to take time to explore
and understand the details of the code. Many find the building regulations to be restrictive
or imposing and. therefore. impede the development of the basic design concept. In the
meantime, others use buildings codes to extract the design constraints for building design
[Fazio et al 1990]. In the construction process, the standards and codes are used to
regulate the construction. Building inspectors use the building codes to verify the
construction for conformance with the applicable regulatory requirements. In addition to
building inspectors, other participants such as owners, architects, engineers, contractors,
etc. must share the responsibility for the code compliance of construction drawings and
specifications [Liebing 1982, Alhussayni 1996 Personal Communication]. The Code must

take into account a wide variety of buildings (institutional, industrial, or residential) and
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building situations (extension. modification, or renovation). For example. the NBCC

Sections 3.3.4. and 3.3.5. apply to floor areas or parts thereof used as residential and

industrial occupancy respectively.

2.3 Electronic Building Codes

Recently, computer applications to the management of regulatory information have
attracted considerable attention in construction industry. Previous studies on the
application of information technology (IT) to building codes [Frye et al. 1992, Kahkonen
et al. 1992, Kumar et al. 1995] confirmed that electronic codes are in demand. Also, these
surveys indicate that building codes have been viewed as a promising area for automation
for a long time. In Canada, a survey on the NBCC usage conducted by the Institute for
Research in Construction (IRC) has concluded that the majority of the building code users
have a keen interest in electronic code products [Vanier 1989, 1994]. However, there are
still many obstacles to overcome in the development of an NBCC comprehensive
electronic code, which are identified in the following subsection. Several available

electronic code applications are also described.

2.3.1 Difficulties in Developing Electronic Codes

The emergence of advanced computer technologies such as hypertext, expert
systems, and expertext systems which are presented in the following chapter, are providing
alternative approaches to the development of electronic building codes. However, the

progress of producing electronic retrieval systems for the NBCC is impeded due to the



complexity of user demands, provincial and national code differences, and classification of

building code information.

Building code users include interdisciplinary professionals such as architects,
engineers, building inspectors, etc. as well as non-professionals such as building owners
and manufacturers. The code practitioners have different levels of expertise in code usage
and various needs for the application of code provisions. For example, architects use
building codes to verify the compliance of their architectural designs. whereas structural
engineers regard building codes and standards as indices for safe designs. In addition, the
rapid evolution of information technologies leads to confusion in selecting a software
application most suitable for electronic codes. The variety of building code users and the
numerous potential applications make it difficult to provide a comprehensive or integrated
software development program for electronic codes in order to meet all their
requirements.

To add to the complexity, the NBCC application varies from one region to another
since it is modified to suit individual local requirements. Apart from the provincial and
national differences, the NBCC document is required to have minor corrections every year
[NBCC 1990]. Therefore, the building code information in electronic code applications
must be updated to meet new requirements, as well as correct deficiencies and omissions.
The other Canadian Codes, such as the National Fire Code of Canada, the Canadian
Plumbing Code and the Canadian Farm Building Code, as well as provincial codes also

encounter the same problems.

Another major obstacle to the production of workable electronic codes is the fact
that the information content within the building codes is not classified or structured for
electronic application, as presented in subsection 2.2. In most research prototypes. the

information contained in building codes is formalized on the basis of the procedural logic



[Rosenman et al. 1986, De Waard 1992 . Frye et al. 1992] rather than the classification
from the code itself. Although these prototypes provide users with access to electronic
information, they are still limited in providing 'intelligent’ electronic codes and standards

[Vanier et al. 1994].

2.3.2 Electronic NBCC

Electronic NBCC prototypes and projects have been developed at IRC since the
mid-eighties. These electronic NBCC versions were aimed at enhancing the existing
building code text with intelligent user interfaces and simplifying the contents using IT

[Vanier et al. 1994].

The first prototype electronic version of the NBCC was the NBCC Retriever
which was made available to 20 architects and engineers for evaluation [Vanier et al.
1994]. This electronic NBCC prototype is workable on both the Apple Macintosh and
MS-DOS personal computers. It provided the functionality required to access the NBCC
text quickly and efficiently, included a friendly user-interface, electronic tables of contents
and checklists. This prototype was later revised and named the NBCC Guide' 85 with the
same features as the previous version. The NBCC Guide' 85 ran only on the Macintosh
environment using a commercial hypertext shell to store and browse the NBCC text. It
provided three altermative access methods into the NBCC. First, the electronic table of
contents which is a duplication of the information at the front of the NBCC allows the user
to search for the desired code provisions. Figure 2.1 is an example of the electronic table
of contents with Section 3.2 partially expanded. Clicking on the bold text reveals further
information of the code text of interest, or clicking on the outlined text brings the user to

that location within the NBCC document. The second access tool, namely hypertext index.
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in the NBCC Guide' 85 includes a list of subjects identical to the index at the back of the
hard copy NBCC. The information can be accessed by browsing through the text, or using
a keyword search in the index. The features of this access method are illustrated by Figure
2.2: by clicking-on the bold line the user locates the desired Article, and clicking on the

outlined text (e.g. Barrier-Free Access) moves the user to that NBCC provision.

I N6C Guide '85:Part 3

PART 3 Use and Occupanry
SECTION 3.1 Gensral i
SECTION 3.2 Size and Occupancy Requirements
Subsection 3.2.1 Genem!
Ao $.3.8.1 :
Asdific 5.8.1.8
Ariic 9.3.1.3 )
Subsection 3.2.2 Brilking Size aad Consuuctioa
Subsection 3.2.3 Spatial Sepamtion
SECTION 3.3 Safety Requitemeats withia Floor Aress
SECTION 3.4 Requirements for Exits

Figure 2.1. Example of Electronic Table of Contents [Vanier et al. 1994]

‘85:Part 3

(IR NoC Guide
A

Abbreviations of...

Access for fire fightag. ..

Accessibility for e disabled,
[see alsc Pamfn-GRS c85385) 3.7, 9.9.3.7.,
£.0.8.4.

Accessibility signs, 3.7.8.4.

Access opeaings throwgh ...

Figure 2.2. Example of Hypertext Index [Vanier et al. 1994]

The last alternative access tool of the NBCC Guide' 85 is the electronic checklist. This
access method allows users such as building plan examiners and inspectors to work on a

code compliance checklist to verify buildings for conformance with the regulation, as well
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as to access the relevant NBCC provisions. The detail of this access method is described in

subsection 3.3.1.

Another prototype electronic version of the NBCC was NBCCard developed in the
late 1980's. [Vanier 1991a]. This NBCC hypertext prototype was structured as a card-
based sequential database in which each NBCC subdivision is represented by one card or
database record. An example of a typical NBCCard Record is demonstrated in Figure 2.3
including the NBCC Article 3.1.2.4 Police Stations and its corresponding references such
as Part, Section, and Subsection numbers. The NBCCard allows the user to browse and
navigate within the NBCC document. Its functionality includes cross-reference linking,
search trails, NBCC Definitions (Figure 2.4) and keyword searching (Figure 2.5).
Although both the NBCC Guide'85 and the NBCCard are sequential hypertext
applications. the database structure of the latter provides a more comprehensive and

efficient access tool into the NBCC document.

NBC Part 3 Exrample

3 | Use and Occupancy |_HyperkRs Help
S \Ceneral
3.1.2 | i
1.2.4.
PRE ;}IEXT BACK rouvision Search Trail able of Confents

Police stations with detention quarters are permitted tobe classified as Group
B. Division 2 zud/jcr cerupercyes” provided such stations are not more than 1

storepin buiiding hejeht and 600 m2in burlding arva.

CLICK ON THE PROVISON NUFBER, APPENDLX NUMBER OR HEADING NUMBE

Figure 2.3. A Typical NBCCard Record for NBCC
Article 3.1.2.4 [Vanier et al. 1994]



3 Use and Ouup,_nw
31 Genenal -
—a L
312 Classification of Buildings or Parts of Buildin, MajorOecu
| XN Police Shatians PRrKRS
PRE MEXT BAC Provision #£)(Search Trail)(Yadle of Contents) Meip

Jolice stations with detention guarters are permitted 1o be classified o3 Group B,
Civision 2 mejor accupencies provided such stations are nct more than 1 SOy in

Swrldirg height and éfﬂnﬁmhu&m-_
ONRE The Ualinitions

2rwe’ s the greatest area ofa
sbave grade within the outside surface of extericr walls or
within the outside surface of exterior walls end the centre line d g

Afa/oraxum means the principel axypency for whiche {3

or part thereof is used or in to be used, and shell [
5e deemed to include the subsidiary acvuperaciow which ere an D
integrel part afthe principal aa'npm

Slorey meens that portian of « dusiiding which is sitaated fol
betwean the top of any floorand the top af the floor next above

Figure 2.4. NBCC Article Record with Definition [Vanier et al. 1994]

SRR Home
— __

62 Auto Expansion of the seerch terms
(__Word Search ) HyperKRS Search Card Field Neme
search For| Door, Opening = in OlAny
G And  [Size Width 0 in O Ay
O
184 And O in O
2 @19
10 _ oriess words spart e E4
in the same @ Sentence Leve! O Provision Level Sewren Choar Help
Tatel Found: R List card uitles
Hits/Cards BJ Higniignt Metches m
R ndex Horre
Hits Cerd Titie

2 NBC3.1.8.6. Maximum Openings (Fire Separations and Closures)
2 NBC1.1.105. Maximum Openings (Firewalls)

1 NBC3.23.16. Protection of Scffits (Spatial Separation and Expcsure P ‘.r
1 NBC3.2.5.11. Hose Stations and Cabinets (Provisions for Fire Fighting {*
t NBC 13.3.1.16. Capacity of Access to Exits (Requirements Applying tc Al
¢ NBC3.3.1.17.  Guards (Requirements Applying to All Floor Areas) 5

———

Figure 2.5. NBCCard Keyword Searching Interface [Vanier et al. 1994]
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2.4 Building Inspection

Inspecting existing buildings for compliance with code requirements of the NBCC
is generally difficult to perform for inexperienced or infrequent code users. The difficuilty
results mainly from the complexity of the code document containing numerous
subdivisions and cross references which may cause confusion in interpreting and
identifying texts. In effect, many building code users often find NBCC confusing and
overwhelming because of the number of requirements which apply or seem to apply to a
given building [Frye et al. 1992]. The major problems to overcome in the use of the hard
copy edition of the building codes include finding the appropriate section, and correctly

interpreting and understanding NBCC provisions [Alhussayni, Nguyen 1996].

Some research efforts to develop electronic codes to facilitate the inspection
process have been paid significant attention. These efforts include the development of the
electronic versions of NBCC such as NBCC Retriever, Guide' 85, and NBCCard, as
presented in the previous subsection, in which code practitioners can search and retrieve
with ease specific information within the document. In general, the positive features of
these NBCC electronic versions are the hypertext links and friendly user interface. Despite
the availability of these software products, most inspectors on site are rarely equipped
with electronic codes and still use the hard copy of the NBCC when carrying out code
compliance checking during building inspection [Nguyen 1996]. The latest electronic
version of the NBCC is a CD-ROM (Compact Disk - Read Only Memory) developed by
Institute for Research in Construction [IRC 1995]. This CD-ROM contains both 1990 and
1995 code documents. In this electronic NBCC, the user has access to all information
required for compliance checking. Cross-referenced articles are easy to follow by simply

clicking on them. The software also identifies related references in other code documents.
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Although these electronic code products are useful to code practitioners in general,
and building inspectors in particular, as browsing and searching tools, they fall short of
providing automated verification for code compliance. As a result, a number of computer-
based systems were initiated to address this deficiency. Some are presented in the

following chapter.



Chapter 3

AUTOMATION OF CODE COMPLIANCE
CHECKING PROCESS

3.1 Introduction

Checking a design or an existing building for conformance with applicable code
requirements 1s a difficuit and time-consuming task for inexperienced or infrequent users
of building codes. The availability of information technologies such as hypertext,
knowledge-based expert systems (KBES), intelligent systems are providing new

environments as well as new approaches to automation of the code checking process.

This chapter is divided as follows: first, the background in developing an
automated code checking system is presented, including difficulties in interpreting building
codes, roles of case studies, the specific requirements for an automated code checking
system, and IT applications to be described as possible alternatives; second an overview of
various approaches to the field of building codes automation is summarized; and finally the

automation approach selected is explained.
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3.2 Background in Developing an Automated Code Checking

Svstem

3.2.1. Interpreting Building Codes

The building code document contains a large amount of compiex regulations with
numerous subsections, articles, sentences, and cross references to address various code
requirements. Despite much effort of the code writers to organize the document in a clear
fashion. the knowledge contained in building codes tends to be unstructured and difficult
to interpret [Maher 1987, Kumar et al. 1995]. The difficulty may cause confusion in
interpreting texts as well as identifying specific provisions from the general document

[Frve et al. 1992].

To develop an automated code checking system, the regulatory requirements in the
building codes are used as the main source of information to establish its knowledge base.
However, code texts are written in a natural language format which is not able to be
encoded directly to the computer-based system. Thus, the procedural logic of the code
should be restructured and formalized into a suitable format for the implementation of the
computer application. In the case of the NBCC, differences between national and
provincial codes make it difficult to construct a comprehensive knowledge base to be valid
for all code requirements. Expertise in the code, especially Part 3, has been slow to
develop, though a lot of time, effort and money have been spent in trying to make the code

document more understandable and easier to use [Frye et al. 1992].
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3.2.2. Roles of Case Studies

Case studies, in the context of code checking, represent a piece of information
related to various aspects of code violations found previously in existing buildings. Each
of the cases describes building components non-compliant to specific regulatory
requirements and proposes solutions for the violation problem. Roles of case studies are

identified below.

Providing reminders to code practitioners in problem solving

Case studies can be incorporated into databases that are dynamically linked to the
automated code checking system. During the checking process, cases related to a
particular code provision may be called from the database for providing valuable reminders
to past problems and solutions for code violations. In solving diagnostic problems in code
checking of existing buildings, the information available from these case studies can be

consulted for remedial measures for the code violation problems.

Enriching the knowledge base [Raphael et al. 1995]

Knowledge acquisition is considered to be a difficult task in the development of a
knowledge-based system (to be presented at the end of this chapter). The difficulty is due
in part to the fact that rules to represent the knowledge, which are precise and general
enough is very difficult to obtain from an expert. It is, however, found that obtaining
information from past relevant cases is easier than dealing with a current case. Case
studies can be used as sources of rules. In effect, it is theoretically possible to elicit rules
from cases by generalizing from the specific situations. For instance, using a large number
of code conformance and violation cases, rules can be created about the features that

make a compliance or non-compliance example.
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The present study takes into account case studies which have been extracted from
1700 occurrences of code violations of existing buildings contained in the recent survey
conducted by Public Works Canada, as mentioned in the beginning of Chapter 1. The
survey represents a large amount of relevant information which may be extremely valuable
for future inspections of other buildings These case studies can be incorporated into an
automated code checking system as reference materials for consultation during building

inspections. Such an incorporation is discussed in Chapter 5.

3.2.3. Specific Requirements for an Automated System

The automated system is designed to improve performance in building code
compliance checking. The design objectives which were established to successfully
develop such a system include efficiency, consistency, and convenience. The first objective

translates into specific requirements as follows:

® Provide easily understood questions for eliciting information and templates
for presenting compliance results.

® Operate fast and give reliable conclusions. To meet this requirement, the
number of questions required for checking must be minimized, and all
compliance categories extracted from the code document must be structured
and formulated in a systematic fashion.

® Ensure automation in storing/updating building data, displaying check
results, and generating reports.

8 Provide access to relevant code provisions and related case studies.



Second, consistency in compliance checking as well as high quality results must be
ensured. This is done through available rules representing the information of building
codes. Finally, the system should be convenient to use, i.e. a friendly user interface is
needed to satisfy the requirements of various code users. Another element of convenience
is to ensure that the software product is a portable tool which enables the on-site

inspector, while walking around the building, to carry out the building inspection process.

3.2.4 Information Technology Applications

Recently, the applications of advanced IT to the development of computer tools
which assist in accessing, interpreting and applying regulatory information have been given
particular attention [Kumar et al. 1995]. Several IT applications such as hypertext, expert
systems, expertext and intelligent systems are briefly described below in an attempt to

provide an overview of the possibilities in developing automated code checking systems.

Hypertext can be defined simply as the creation and representation of interlinked
discrete piece of text [Kumar et al. 1995]. In hypertext systems, each discrete piece of text
is represented by a node which is linked to other nodes allowing the user to navigate
between nodes. According to [Yabuki and Law 1993], there are two types of links:
navigation links and organization links. The former connects a document to other
referencing documents and the latter connects the table of contents and indices of a book
such as the NBCC to its subdivisions (Parts, Sections, Subsections, etc.). A navigation
system systematically and efficiently provides access to information . [Kumar et al. 1995]
summarized the advantages in using the hypertext approach for codes and standards

processing as follows:
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& [t 1s suitable for representing codes and standards information.

@ The user can access easily desired information withbut encountering
unnecessary information.

® Cross-references are incorporated as 'hotspots’ to enable the user to move to
the relevant location simply by clicking on the reference.

# The code information contained in a hypertext environment can be easily
updated or modified.

& Tables, graphs and figures can be attached to provisions texts.

& The hypertext system can be integrated with external processing software

such as spreadsheets, thus assisting in design and conformance checking.

However, this approach still has disadvantages [Yabuki and Law 1993]: the hypertext
version of design standards is limited by the development platforms (software and

hardware) and the representation form of multiple nodes results in a complicated network.

'Expert systems' is defined as 'an intelligent interactive computer program that can
play the role of a human expert by using heuristic knowledge or rules of thumb' [Adeli
1988]. It may function as a human expert or as a decision-maker assistant in solving
problems or giving advice. With the assistance from the expert system, the level of
performance of a novice decision maker may be raised to the level of an expert. This

improvement in performance was illustrated in Figure 3.1 [Vadas 1992].
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Figure 3.1. Performance Improvement with Expert System [Vadas 1992]

The differences between conventional computer programs and expert systems are
summarized in Table 3.1. Many of the expert system applications to building codes were
developed around the world to date for the construction industry [Rosenman and Gero
1985, Dym et al. 1988, Bedard and Ravi 1991, Sharpe 1991, Moulin 1992. Frye et al.
1992, Heikkila and Blewett 1992, Delis and Delis 1995]. Some of these research are

described in the subsection 3.3.

'Expertext’ represents a combination of expert systems and hypertext [Casson and
Stone 1992]. This approach combines the best features of expert systems and hypertext to
develop computer-based systems having the semantically rich nodes of hypertext and the
well-specified, computable links of expert systems. [Vanier et al. 1994] stated that expert
systems require too much work to develop, whereas hypertext systems fall short of

providing an ‘intelligent’ interface to assist in searching for building codes and standards.



The requirement for an efficient control mechanism may be satisfied in a system

integrating both hypertext and expert systems.

Table 3.1. Characteristics of Conventional Programs and Expert Systems
[Allen 1992]

Conventional Programs Expert Systems
- Representation and use of data - Representation and use of knowledge
- Knowledge and control integrated - Knowledge and control separated
- Algorithmic (repetitive) process - Heuristic (inferential) process

- Effective manipulation of large database| . Effective manipulation of large knowledge base

- Programmer must ensure uniqueness - Knowledge engineer inevitably relaxes

and completeness uniqueness and completeness restraint
- Mid-run explanation impossible - Mid-run explanation desirable and achievable
- Oriented toward numerical processing | - Oriented toward symbolic processing

'Intelligent systems' is a term used in this thesis as a combination of computer
technologies including expert systems, hypertext and databases. Chapter 4 is dedicated to

describing in detail this system.

3.3 Approaches to Automated Code Checking

This section presents the review of implementations regarding automated code
checking systems. which is intended to identify the representative cases of what has been

done around the world. This literature survey will hopefully lead to the selection of an



appropriate approach. The research implementations to be described can be classified into

three groups: Hypertext Systems, Expert Systems, and Integrated Systems.

3.3.1 Hypertext System Applications

Hypertext systems with a full text database can serve as replacements for hard
copy publications. As described in subsection 3.2.4, this approach provides a new
software paradigm for managing text-based information such as building codes. In
addition to the NBCC electronic versions developed by using the hypertext approach, as
presented in subsection 2.3.2, a number of projects were initiated to address alternative

approaches to providing more 'intelligent’ access to building codes.

The International Organization for Standardization [ISO 1986] described the
Standard Generalized Markup Language (SGML) as one of the major international
standards for the interchange of text-based information. It is a generalized markup
language for encoding document structure information as part of the document, and for
tagging the structural elements of documents. The Institute of Research for Construction
has adopted this approach to encode the NBCC documents, in which SGML is used to
denote special notation for the various subdivisions such as Parts, Sections, and
Subsections, or for special annotation of cross-references, glossary, or dimension
descriptors. The following example demonstrates how an NBCC Article (e.g. Article

3.1.2.4) could appear in an SGML application:

<NBCC art> NBCC num> 3.1.2.4. </ NBCC num><NBCC art head> Police
Stations </ NBCC art head>

<art body> Police stations with detention quarters are permitted to be
classified as Group B, Division 2< NBCC def > major occupancies </
NBCC def > provided such stations are not more than 1 < NBCC def >
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Storey </ NBCC def > in < NBCC def > building height </ NBCC def ></
art body ></ NBCC art >

In the above example. the start and the end of the structural element are indicated by angle
brackets (< -~ >) and (</ --- >) respectively. This SGML demonstration consists of two
portions: the first identifies the 'NBCC Article 3.1.2.4' with Heading ‘Police Stations' and
the second contains the body of the NBCC Article. In addition, the < NBCC def > in the
second portion refers to the NBCC Definitions. An IT tool using an SGML shell, named
MiniCode. has been developed at the IRC [Vanier et al. 1994] to assist the design
community in performing building code compliance checking [Thomas et al. 1992]. The

characteristics of the MiniCode system are summarized as follows [Vanier et al. 1994]:

® Assist the user in classifying the type of building.

® [dentify the NBCC provisions relevant to the user's classification selection,
while excluding those that do not pertain to the specific building projects.

® Provide a Microsoft Window Help interface to the full-text of the NBCC,

including hypertext cross-references, history trails and interactive NBCC

definitions.

The MiniCode system initialized the idea of intelligent searching in electronic codes.
However, it is not specific enough to identify all detailed information contained in the
NBCC document. This deficiency lead to the development of a Designer's MiniCode
system, that is a logical extension of the MiniCode Generator [Vanier et al. 1994] with a

number of enhancements such as additional classification trees and building attributes.

Another IT tool to support building code users that has been developed by IRC
using the SGML-encoded documents in a hypertext environment is CD-ROM Based Code

[CD-ROM 1993, IRC 1995]. This product allows users to search for full-text of all
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documents on the CD-ROM. including tables and equations. In addition, the other features
of the CD-ROM Based Code such as interactive side-by-side tables of contents and full-
text, dynamic cross-references. indexed searching and interactive NBCC definitions are

also integrated into the IT tool.

3.3.2 Expert System Applications

[Rosenman and Gero 1985] were among the first research to explore expert
sy.stems technology to represent building codes. According to the authors, the user can
'‘communicate’ with the system by answering questions or replying with 'how' (how do [
answer this?) or ‘why' (why do you want to know?). The reply 'why' prompts the system to
provide an answer in terms of rules. An example of a rule is:

If ‘the building' is_a hotel or dormitory

Then classification is 'Class [II'
The reply 'how’ directs the system to search for any knowledge it may have to satisfy this
request. The search procedure is made more efficient by the system's indexing of the rules
with regards to the objects. Figure 3.2 is a sample dialogue between the user and the
system from the initial command to the first conclusion reached. The conclusions of the
research indicate that expert systems could be a suitable tool for providing a variety of
users the means of accessing the knowledge contained in building codes in an efficient,

complete and consistent manner. The authors also emphasized the enormous amount and

complexity of information in the building code document.

[Frye et al. 1992] developed an expert system for the Fire Protection Requirements
of the National Building Code of Canada. The initial knowledge base of the system is

limited to Section 3.2 - Size and Occupancy Requirements for Fire Safety of the NBCC-
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Part 3. The expert system provides the user with a simple query mode to input the
information required for compliance checking. Rules are used to represent the input
information based on the structure of decision trees for each independent protection topic
(Figure 3.3). Once the input data have been completed and their pre-conditions to the
rules have been satisfied, these rules will fire to give a compliance result with absolute
certainty. Furthermore, a <HELP> option is provided in case that assistance in responding
to a prompt is required. Both text and graphic modules are available in most of the HELP
screens.

Some researchers have evaluated expert systems as available tools for aut;mating
building design process [Rosenman et al. 1986] in which compliance code checking is also
integrated [Bedard and Gowri 1990, Bedard and Ravi 1991, Kumar and Topping 1988].
Others [Fazio et al. 1989] found that this approach does not provide a complete remedy
for the modeling of building codes due to the complexity in the representation of
knowledge contained in such a large regulatory document. However, [Fazio et al. 1989]
believed that the combination of frame-based and rule-based systems may be a desirable
and helpful approach to engineering design. A survey on expert systems for structural
design codes by [Kumar and Topping 1988] indicates that it is easy and efficient to
represent the building code information and the encoded standards information couid be

used to facilitate the design of structural members as well as to provide solutions for

design problems.
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Figure 3.2. Sample Dialogue Between User and System From
Start to First Conclusion [Rosenman and Gero 1985]
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Figure 3.3. Decision Tree, Provisions for Fire Fighting [Frye et al. 1992]



A commercial expert system product currently available is BCAider [Sharpe 1991,
Blackmore et al. 1994]. This is a computerized version of the Australian Building Code
using an expert system to represent the information knowledge. The BCAider user can
access the interested code provisions by entering the values for the desired category of
building, and then investigate detailed information by answering TRUE/FALSE questions
to identify the conditions under which the provision is applicable. In spite of its limitation
in Australian building plan examination, BCAider demonstrates the capabilities of expert

systems in assisting building code users.

3.3.3 Integrated System Applications

Some researchers have developed comprehensive systems for the domain of
automated code checking that integrate codes and standards information in building design

systems.

[Dym et al. 1988] described an expert system embedded in a Computer-Aided
Design and Drafting (CADD) system to assist in automating architectural design process.
The prototype system, named Life Safety Code (LSC) Advisor, links the CADD system to
a type of building code to allow users to review CADD drawings and ensure compliance
to the LSC of the National Fire Prevention Association. The authors stress the rationale
for rule-based and frame-based representations used in LSC Advisor. Rule-based
representations are used to encode the text of the LSC, whereas frame-based
representations are used to represent floor plans of building. LSC Advisor users input a
file (knowledge base) that contains information describing a floor of a building. The

CADD information is captured and verified for code conformance. If a fire code
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requirement is not satisfied, LSC Advisor provides the information extracted from the rule

base. Figure 3.4 is an example of the primary output of the LSC Advisor system.

An extension to the LSC Advisor is Fire Code Analyzer (FCA) developed by
[Delis and Delis 1995]. This is an automatic Fire-Code checking System using expert
system technology. 'The system consists of a rule-based system that encapsulates the
various code requirements, a frame-based system for building representations, and a set of
geometric algorithms' to facilitate knowledge inference. The FCA is used to assist in the

review of building designs. The enhancements of FCA include the following:

® Provide a more versatile frame-based representation of floor plans.
@ Create a more elaborate rule-based system to handle three dimensional issues.
® Utilize a set of geometric algorithms to facilitate knowledge inference.

® Provide a more user-friendly interface.

Figure 3.5 shows the elements of the interface: the upper-left grid is used to review
architectural layouts, the middle panel allows users to input graphical information of
building drawings, and the upper-right window provides access to the rules representing
the LSC (e.g. the paragraph 12-1.6.2.c of the LSC are displayed in screen). These rules

fire when all preconditions are satisfied.
The authors also indicated some limitations of the FCA prototype:
® Only architectural layouts from the domain of hospital buildings are examined.

® Interface with a CAD system is not available.

® Only a fraction of the LSC is encoded in the system.



L.fe Safety Code Violation for the Building:

Sprinklers are required and need to be added.

Detailed Life Safety Code Violations for Building:

==Note: Sprinklers were assumed to be present.**

Object
STORY1

FRZINSI
FRZNS1
FRZIN9?
FRZNS1

FRZN102
FRZN102
FRZN102

ROOM20C0

ROOM2000

ROOM20C0

ROOM180

VERTICAL —OPENING3

CORRIDOR1
CORRIDOR2
CORRIDOR2

WALLTY
WALLSS

DOORSS
DCORis«
OCGR153
DCOR10CC
DOOR10CC

CORRIDOR_NODE3"S
CCRRIDOR _NODE383
CORRIDCR_NOOE:0CH
CCRRIDOR_NODEYSS

Description
Exit doors not remote encugh (85.0 <90.60905 feet).

FRZN102 not large enougn to serve as area of refuge.
Fire rating of wall opening too low: DOOR79

Fire rating of wall too low: WALL66

Fire rating of wall too low: WALL?9

Exit doors not remote enough (11.18034 < 40.804413 feet)
Fire rating of wall opening too low: DOORSS
Fire rating of wall 200 low: WALL'

Room > 1000 sg ft needs more thar i exit access door.
Inroom travel distance 30.91165% > 3C.0 feer at (2 70).
Should have 2 qualifiec egress dooris:. Only has 1.

Fire rating of wall openirg too low: DOORSS

Fire rating of the wail opening too low: DOORS<

Corridor too narrow {6.0 < 8.0 feet) at(1.30.0112.0)
Corricor toc narrow (6.0 < 8.0 feeti ac (46.0 104 0}
Corricor o0 narrow (6.0 <8.0 feet; at {46.0 64.0)

Fire rating shoulc be 2 hours. Actuat rating: 1

Fire rating shouic be 2 nours. Aciuai sating: 1

Visior pare! reguire2d for horizonzai exit.

Daoor swings 1.0 feer oo far into CORRIDORL1.

Daoor swings 1.0 feer oo far into CORRIDOR!.

Max legai diszance o exiz = 130.0 fee:z. Actual = 182.0
Leaves of patient room must be 3 =5 incnes: 42.0 in.
Dead end of 36.0 fee: > ailowed 30.0 ‘ee:.

Dead end of 125.0 feez > allowed 3T Testl.

No exit sign visiole from this pcint 1C8.0 118.9;

N0 2xic sign visinwe “rom this soint “23.3 T72.0!

Figure 3.4. Typical Floor Plan Conformance Report [Dym et al. 1988]
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Figure 3.5. FCA Analyzer Interface [Delis and Delis 1995]



[Garrett et al. 1995] investigate a computer-based model integrating a standards
processing system named SSE with a building design system i.e. SEED (Software
Environment to support the Early phases in building Design) which is based on a division
of the preliminary design process into phases, each of which addresses a specific task
[Kilicotte et al. 1995]. The SSE represents a Standard Support Environment for
processing building standards during the stages of design supported in the SEED system.
The overall architecture of the SSE consists of two major components: the Standard
Usage Module (SUM) and the Standard Processing Framework (SPF). The SUM that
encapsulates the functionality of the SPF is used to support communication, data exchange
and constraint management between the SEED modules and the SPF. The SPF is a multi-
module framework designed for representing and processing standards. The authors stress
the complexity of the dynamic nature of building design standards and indicate that the
integrated model is a viable approach to providing support for both standard compliance

checking and compliant generation.

3.4. The Approach Selected
3.4.1. Proposed Methodology

The review of research on automated code compliance checking demonstrates that
expert systems are capable of representing and reasoning with specialist knowledge to
diagnose problems with code conformance checking, whereas databases and hypertext
systems are efficient for handling cross references among distinct building subsystems and
disciplinary viewpoints in data management systems. The proposed methodology is that of
an intelligent system combining these computer technologies. Such a combination is

believed to meet the specific requirements for an automated code compliance checking
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system and to overcome the problematic characteristics of the information contained in

the building code document. as presented at the beginning of this chapter.

To develop such an automated system, the process of mapping the knowledge
available in building codes into the system's knowledge base, known as knowledge
engineering, must be carried out. The development of knowledge acquisition for building

codes is also required. The knowledge acquisition process basically consists of three steps:

First, code documents are classified into specific categories to be considered
during the building compliance checking. As described in subsection 2.2.2, the NBCC
document is divided into multi subdivisions such as Parts, Sections, Subsections, Articles,
etc.. the information under this hierarchical structure can not be incorporated directly into
the computer-based system. It must be reorganized in such a way that all compliance
topics contained in building codes can be verified in a systematic fashion. The list, as
shown below, represents all compliance categories to be checked. Each category may be
divided into several compliance subcategories, depending on complexity and nature. The
hierarchical structure of these categories has been extracted from the information
available in Part 3 of the NBCC. (Details of these compliance categories and their

corresponding subcategories are presented in Table 5.1 in subsection 5.3.1)

1. Fire Detection and Alarm Systems

9

. Fire Separations

. Fire Escapes

LI

. Structural Fire Protection

H

(V)]

. Exit Requirements

. Means of Egress

~N O

. Interior Finish and Insulation Protection



8. Storage and Repair Garages
9. Emergency Lighting

10. Stair Requirements

1. Service Facilities

12. High Building Requirements

13. Miscellaneous Requirements

Second, based on the procedural logic for each specific compliance category,
decision trees are developed in such a manner that the data required for checking is
systematically collected whilst unnecessary queries are avoided. The major problem
appears to be that the existing information contained in the NBCC is not always explicit;
thus, it can not be interpreted in a proper fashion without using appropriate analysis
capability. The interpretation of some code provisions can be a difficult task because of

multiple cross references and the qualitative nature of information.

The final step in the knowledge acquisition process is to structure the decision
trees in a format that can be encoded into the knowledge based expert system. The
development of these formats requires suitable knowledge representation forms. Rule-
based and frame-based approaches are the two techniques to be selected for representing

the knowledge. They both are presented in the following chapter.

The three stages to develop the knowledge acquisition for building codes are
demonstrated by the following figure for the case of Article 3.4.2.3. Distance between

Exits. (Decision trees for other code requirements of Part 3 are also available in Appendix)
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3.4.2.3. Distance between Exits

‘-
»e 1) Except where a floor area is divided by a fire separation so that it is
# necessary to pass through it to travel from one exit to another exit. the least
® distance between 2 required exits from a {loor area shall be
- a) one half the maximum diagonal dimension of the floor area,
S but need not be more than 9m for a tloor area having a public corridor, or
& b) onc half the maximum diagonal dimension of the floor area,
but not less than 9m for all other floor areas. (See Appendix A}
Is the floor area divided Yer [s it necessary to pass )
- by z fire scparation? through the fire separation
- to travel from one exit o
No another exit™
.«
Docs the floor area [ No Yes
8 have a public corridor?
o o
o Is one half the maximum o Yes Is one half the maximum Cade r:qufrcm;nt does
= flocr area dimension greater §&———— ——9 ftloorarca dimension greater not apply in this case
.2 than 9 m? than 9 m? ~—~———
.g No, _'Yv:s No 5 ~ YOS
S Is the distance between Is the distance between
X . WO required evits at two required exits at .
Is the distance between 1 e half the least ane half the Is the distance betw cen
two required exits at ! . . . wo required exats at
X o m? maximum diagonal maximum diagonal least 9 m?
cast 9 m. dimension of the tloor dimension of the floor .
area” area?
No Yes No Yes No Yes No Yes
B e e P& - N .- .
FAIL PASS FAIL PASS FAIL PASS FALL PASS
IF Floor divided by a fire separation IS Yes = TRUE AND Pass through FireSepmration IS YES THEN
CheckResult := " Not Applicable”
ELSE
BEGIN
o [F Floor has a public corridor IS Yes = TRUE THEN
c‘g IF HaltMaxDimension of FloorArea > 9 THEN
=) IF Distance between 2 exits >~ HalfMaxDimen THEN
& CheckResult := "PASS”
— ELSE
é CheckResult ;= "FAIL"
ELSE

IF Distance between 2 exits ~= 9 THEN
CheckResult ;= *PASS”
ELSE
CheckResult := "FAIL"
END

Figure 3.7. Example of Knowledge Acquisition Process
for the Least Distance between Exits
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3.4.2. Scope and Limitations

The proposed approach aims at interpreting, formulating, and structuring the
knowledge contained in building codes into the knowledge-based expert system in order
to create a practical computer-based tool that can assist an inspector in verifying existing

buildings for code compliance in a consistent and efficient fashion.

The present research intends to develop a systematic approach to automating the
code compliance checking process in building inspection. The compliance categories to be
checked are extracted from the information available in the Part 3 of the NBCC addressing
Fire Safety, Exit Requirements, Emergency Lighting, etc. However, the proposed
methodology can be applicable to other building code documents using the same approach

as described.

HASES is a prototype implementation of the proposed methodology for inspecting
existing buildings for code conformance. HASES provides a user-friendly interface using
query languages to allow users to easily input the data required for the building inspection
process, to generate reports, and to access building code texts as well as relevant case
studies. The two characteristic features of the proposed methodology is to minimize the
number of questions needed for compliance checking and to supply relevant case studies

for consultation on suitable solutions for problems in code violations.

The HASES knowledge base is developed from the information contained in Part 3
of the NBCC alone. The present work focuses only on two Building Occupancy
Classifications: Group D (Business and personal services) and Group F - Division 3 (Low
hazard industrial occupancies). Although the knowledge base of the prototype system

actually represents all the information required for verifying the compliance of the code
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provisions in Part 3, it is certainly not complete and needs more knowledge acquisition to
account for provisions addressing buildings classified in other occupancy groups, which

are not incorporated in the system.



Chapter 4

INTELLIGENT SYSTEMS
FOR AUTOMATED CODE CHECKING

4.1 Introduction

The building inspection process is a complex activity that requires various
information for diagnosing problems with code compliance checking. The proposed
approach combines expert systems, databases and hypertext techniques to provide an
automatic system feasible for facilitating such a process. In effect, this approach benefits
from specialist knowledge in the form of an expert system capable of giving advice with
diagnostic problems in code checking, whereas database and hypertext techniques are
exploited for their ability to handle efficiently cross references and multiple viewpoints in
data management systems. This chapter presents in detail the main components of the
intelligent system and suitable representation techniques to be employed for describing the

building objects as well as encapsulating the knowledge contained in building codes.

4.2 Basic Components of the Intelligent System

The intelligent system's architecture basically consists of two components: an
expert system and a data management module (see Figure 4.1). This section presents the

general architecture of the expert system in an attempt to briefly describe the functionality



of its three main facilities and the reader is referred to books such as [Maher 1987,

Harmon and Sawyer 1990, Allen 1992] for a more extensive account of expert systems.

EXPERT SYSTEM

/"~ DATA
' MANAGEMENT
MODULE

Figure 4.1. Basic Components of An Intelligent System

4.2.1. The Expert System

The main characteristics of expert systems is a separation of domain knowledge,

control knowledge, and knowledge about the specific problem currently being solved



[Allen 1992]. This leads to the identification of three basic components of an expert

system: the knowledge base, the inference mechanism, and the user interface.

The knowledge base contains the facts and the heuristics associated with the
domain of building codes [Frye et al. 1992]. One example of a fact, or object, is a floor. A
floor could be represented in the knowledge base as a compliance item to be checked with
attributes including "floor area", "number of exits", "divided by a fire separation”, etc.
Heuristics in building code information are typically represented by rules. It is required
that the knowledge base be transparent enough so that it can be modified or expanded
since the knowledge in a building code such as the NBCC is continually changing and
updating. This statement is supported by the general description of building codes in
subsection 2.2.1. Rule-based and frame-based techniques are the representation forms
suitable for making this knowledge as transparent as possible. These representations are

presented in the following section of this chapter.

The second component of the expert system is the inference mechanism. It controls
the reasoning process. An example of the inference mechanism to determine if the building
requires the installation of a fire alarm system is one in which the expert system for a given
occupancy classification group (e.g. F-Division 3) reasons back to known facts (e.g. Does
the building contain a contained use area? An impeded egress zone? An interconnected
floor space? More than 3 storeys? - as required in NBCC Sentence 3.2.4.1.(1)) to verify
whether the building should be provided with a fire alarm system (see Figure 4.2). This
approach is referred to as backward chaining in which the system assumes a hypothesis
and reasons back to known data or facts to support or discount the assumed hypothesis

(Harmon and Sawyer 1990].
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Another control strategy is forward chaining. A system uses this strategy " if it
works from an initial state of known facts to a goal state (conclusion(s)) " [Maher 1987].
Figure 4.3 shows an example of forward chaining to be used for determining the required
exit width found in NBCC Article 3.4.3.1. Exit Width. Several hypotheses for the exit
types (e.g. corridors, passageways, stairs, ramps, or doorways) are given. Using the data
input from the user, the system verifies the actual condition of the exit and determines the

minimum required exit width.

Building requires
a Fire Alarm
System (FAS)

Group B
Division 2

Group F Group A Group A
Division 3 Division 2 Division 4

/

The building contains

- a contained use area,

- an impeded egress zone, or

- an interconnected floor space

Occupant
load <= 75§

Occupant
load > 75

NOT
REQUIRED
FAS

REQUIRED
FAS

Figure 4.2. An Example of Backward Chaining Inference



CORRIDORS PASSAGEWAYS

STAIRS RAMPS DOORWAYS

Serving more than 3
storeys above grade
or more than [ storey
below grade

Serving not more
than 3 storeys above
grade or not more
than | storey below
grade

Not serving
patient's
sleeping rooms

Serving
patient's
sleeping rooms

Required exit
width > 1100
mm

Required cxit

Required cxit Required exit
: width > 1050 idth > 7
wumlln :‘ 1650 mm md":n:n 90

Figure 4.3. An Example of Forward Chaining Inference

Another basic component of the expert system is the user interface. Its role is to

facilitate the dialogue between the user and the computer. It should accommodate various

levels of user expertise [Frye et al. 1995]. The user interface consists of such elements as a

menu generator, a query module, and a result layout module. The menu generator

represents the main menu and submenus displaying the list of compliance categories to be

checked. Certain compliance categories may be further sub-divided, depending on their

complexity and nature. The query module elicits information by asking the user to respond

to a direct question. In addition, data to be input may be obtained by means of a database

file. The result layout module presents the compliance conclusion including the input

information of building and code requirements. It also provides access to reference

materials such as code documents and relevant case studies.



48

4.2.2. The Information Management Module

The large amount of various information required during the building code
compliance checking process should be systematicalily stored and accessed in a convenient
manner. The information management module which is a partial component of the
proposed intelligent system is designed to perform such a task. This module employs both
hypertext and database techniques to maintain the required information as well as enable
the user to access relevant code provisions and pertinent case studies. Hypertext is able to
assist the user in browsing easily through the information in building code documents,
viewing only the parts that are of interest while avoiding unnecessary information.
Moreover, the information contained in the hypertext environment can be easily modified,
an important requirement for building regulations. Whereas the hypertext is exploited for
its ability to create and represent interlinked discrete pieces of information text, the
database system is used to stored the context or the information about code provisions,
case studies, and building description required for the code checking process. The context
initially contains the information that defines the parameters of the code checking problem
and, as the intelligent system reasons about the given problem, the context expands and
contains the information or results of the compliance checking process generated by the
intelligent system to solve it. For example, a context in the intelligent system to verify
whether the size of an opening in an interior fire separation meets code requirements
initially contains information about the measured maximum dimension and size of the
opening to be stored. The context would expand as the compliance checking process
progresses to include information about sprinkling of the fire compartment and code

provisions associated with required maximum dimension/size of the opening.
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4.3 Knowledge Representation

Knowledge representation refers to the method used to represent the knowledge
contained in building codes in a way that is recognizable to the computer in the intelligent
system. As was identified in subsection 3.2.1, the regulatory texts in the code documents
are written in a natural language format which can not be processed directly by the
computer based system. Thus, these texts must be represented in such a format that the
code information can be entered in the knowledge-based system. The establishment of
such a knowledge base requires appropriate representation techniques. Two forms of
knowledge representation to be used in the proposed system are presented in the following

subsections.

4.3.1 Rule-Based Representation

Similar to other building code documents, most of the provisions in the NBCC are
of the normative propositions which describe prescriptions and contain expressions
indicating permission, obligation, or interdiction associated with the modal verbs such as
"shall be", "shall have", " shall provide", "shall consist of", "shall comply with" [Moulin
1992]. This type of code provision consists of a number of conditional statements which,
when satisfied, lead to a set of requirements or consequences. Hence, a rule-based
technique seems the most natural for representing the knowledge in building codes as the
form seems to match that of the code provisions. The following example demonstrates the
interpretation of a code text into a rule, which is a part of the code representation in the

automatic compliance checking system.



The National Building Code of Canada [NBCC 1990] Article 3.1.8.6 concerning

Maximum Openings reads:

(1) The size of an opening in an interior fire separation required to be
protected with a closure shail be not more than 11 m2, with no dimension
more than 3.7 m, when the fire compartment on both sides of the fire
separation are not sprinkled.

(2) The size of an opening in an interior fire separation required to be
protected with a closure shall be not more than 22 m2, with no dimension

more than 6 m, when the fire compartment on both sides of the fire separation
are sprinkled.

Based on the procedural logic found in the requirements of the NBCC Article, the decision

trees have been developed and correspondingly, the Article is translated into the following

rule:

[F FireCompartments are sprinkled IS Yes THEN
ReqdOpeningSize := 22
ReqdMaxDimension := 6

ELSE
ReqdOpening = 11
ReqdMaxDimension = 3.7

END

[F OpeningSize <= ReqdOpeningSize

AND MaxDimension <= ReqdMaxDimension

THEN

Compliance .= "PASSED"
ELSE Compliance := "FAILED"
END

Such a rule-based representation proves to have several advantages [Delis and Delis

1995]:

@ able to represent any particular requirement at the same high level of
abstraction that appears in the original text;
® easy to understand both by developers and users due to its natural way of

expressing knowledge,



® possible to modularize blocks of knowledge like those that appear in
building codes. Thus, new rules (knowledge) created due to code revisions
may be added or deleted independently of other rules, and

® suitable for a gradual development of the proposed system since each

modular rule can be developed separately.

Major disadvantages that accrue when a rule-based representation is used in an application
domain include: difficulties in specifying certain control features such as sequences and
complex loops; for example, it is difficult to use rules to calculate a square root, and
restrictions in localizing control, as the system become more complex, due to undesirable

interactions among rules [Allen 1992].

4.3.2 Frame-Based Representation

A frame is similar to a form of data-structure for representing stereotypical (and
hierarchical) information of a building [Delis and Delis 1995]. In object-oriented
programming, each frame contains a number of slots which are used to store the
description of the attributes of an object or a class of objects. For example, an object
‘building data’ may have the foilowing attributes: name, address, construction type.
occupancy classification, fire safety system, number of facing streets, number of storeys,
and building area. Frames may inherit information from other frames in a similar manner to
that of semantic networks. In the other words, in defining any specific building (e.g.
Center for Building Studies: CBS), a frame representation allows CBS to inherit ihe
properties of the generic class of buildings. "Information hiding (of attributes and their
values) is useful when visualizing a large knowledge base" [Allen 1992] since it minimizes

redundant input data. When new objects are created, only specific information associated
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with them is required. An example of the frame BUILDINGDATA is given in Figure 4.4
When a building (e.g. CBS) is inspected, an object BUILDINGDATA 1 is created and the
user is asked for eliciting general information of the building (i.e. name, address,
occupancy classification. etc.), which inherits from attributes of the frame

BUILDINGDATA

Frames can be organized into taxonomies using predefined links that represent
relationships between various frames [Allen 1992]. Typical predefined links include
class/subclass, instance-of/instance, and part-of/part. An example hierarchy of building
frames illustrating the use of the class, instance, and part-of relationships is shown in
Figure 4.5, the straight lines and black dots represent the parent-child relationship where
inhentance occur from parent to child. Due to these inheritance characteristics, descriptive

information of the building can be shared among multiple frames.

Frame-based systems provide methods for attaching procedural information. which
are known as demons. These methods become activated when they are attached to or
removed from slots or when slot values are accessed or changed. For example, the
calculation of the CBS building area can be represented as a demon that is invoked
whenever the value of the Building area slot in the frame BUILDINGDATA (Figure 4.4)

is required.



BUILDINGDATA
Name: (String)
Address: (String)
Construction type: (String)
Ocec. classification: (String)
Fire safety system: (String)
No. of facing streets: (Numeric)
No. of storeys above grade: (Numeric)
No. of storeys below grade: (Numeric)
Building area (m?): (Numeric)

BUILDINGDATA _I

Name: Center tor Building Studies

Address: 1257 Guy Street - Montreal

Construction type: Combustible

Occ. classification: Group D .

Fire safety system: Sprinklered g:::g

No. of facing streets: 2 type: (String)

No. of storeys above grade: 3 tion: (String)

No. of storeys below grade: | . :

Building area (m?): 2000 tem: (String)

' - treets: (Numeric)
™~ ¥s above grade: (Numeric) (String)
No. of storeys below grade: (Numeric) (String)
Building area (m?): (Numeric) (String)
(String)
No. of facing streets: (Numeric)

No. of storeys above grade: (Numecric)
No. of storeys below grade: (Numeric)
Building area (m?): (Numeric)

Figure 4.4. Example of the Frame Representation

W
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Chapter S

IMPLEMENTATION AND VALIDATION

5.1 Introduction

The research methodology has been implemented in a prototype system named
HASES (Health And Safety Expert System). The HASES implementation aims at the
development of an automated code compliance checking system for the diagnostic of
existing buildings during the inspection process. HASES relies on knowledge and
reasoning to interpret the regulatory requirements found in Part 3 - Use and Occupancy of
the NBCC [1990]. This chapter is divided as follows: first, the software architecture
HASES is presented; second, the main characteristics of the research project are
identified; third, the selected development tool Level5-Object is described; and finally, the
validation of the prototype system is summarized. Comments on HASES as well as its

limitations are also presented.

5.2 Software Architecture of HASES

The software architecture of HASES consists of three main components:
knowledge base, inference mechanism, and user interface (see Figure 5.1). In addition to
these components, a data management module is incorporated in the prototype system to

handle the information management.
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o Duilding
Information
Code
Requirements

Logic
Reasoning

DATA
MANAGEMENT
MODULE

= Code Text Database
Case Studies Database
= Bldg Details Database

Figure 5.1 Software Architecture of HASES

5.2.1 The Knowledge Base

The knowledge base contains information on code requirements as well as general
building data (i.e. name, address, occupancy classification, construction type, fire safety

system, number of facing streets, etc.). The development of the knowledge base involves



basically three steps. First, code information contained in Part 3 of the NBCC is broken
into specific categories to be considered during compliance checking. Second, following
the inherent logic for each compliance category, decision trees are developed in such a
manner that the data required for each checking is systematically collected with a
minimum number of queries. The final step is to structure decision trees in a format, such
as rule-based representation, suitable for knowledge-based expert system implementation.
The process of this development has been illustrated by Figure 3.7 in Chapter 3. The
various types of information present in the knowledge base are implemented in the form of
production rules and frames. The former are used to represent code provisions, whereas
the latter are used to describe information of the objects of a building to be inspected. The

details of knowledge representation have been described in section 4.3.

5.2.2 The Inference Mechanism

The HASES inferencing process applies both backward and forward chaining
inference strategies, which have been discussed in the previous chapter. Mostly, the
forward chaining is used to verify code compliance. The process is performed through
two steps. First, the mechanism obtains information input from the user through queries
corresponding to the logic for each compliance category to be checked. Once the required
information is completely obtained, the reasoning is carried out through available rules
representing the information of building codes. The frame-based representation described
in subsection 4.3.2 shows various object attributes. The relationships between the object
attributes are defined by rules to ensure the dynamic and logically dependent nature of the
attributes. Whenever their conditions are satisfied, these rules fire to carry out the

compliance checking reasoning. Typical examples of backward and forward chaining



inference strategies have been illustrated by Figures 4.2 and 4.3, respectively, in the

previous chapter.

5.2.3 The User Interface

The user interface provides prompts for answering queries, supplying information,
receiving results, and producing reports. The HASES user interface is designed to be
friendly since it gives attractive and easily understood prompt formats for eliciting
information, which satisfy the requirements of various code practitioners. The information
is collected in such a fashion that only the number of questions needed to reach a
conclusion are prompted, whilst avoiding unnecessary queries. This approach allows the
system to operate fast and provide reliable results. Another element of friendliness of the
user interface is the automation in displaying compliance results and generating reports,
hence, saving much time for building inspection. The accessibility of code texts and
relevant case studies provided by the user interface makes inspectors more confident in
carrying out the building inspection process as well as in defining solutions for specific

problems in code violations.

5.2.4 The Data Management Module

The data management module is integrated in HASES to provide users with access
to external databases in which basic building details, code texts and case studies are

stored.



Basic building details represent general information not specific to any code
regulation, such as name, address, occupancy classification, construction type, fire safety
system, number of storeys, number of facing streets, and building area. This data is
required to be input at the beginning of the inspection process and stored in an external
database as a building record. During the code compliance checking process, whenever a
compliance category to be checked requires information from this building record, this
data is automatically extracted from the database, thus, avoiding redundant data input.
This feature of HASES enables the number of queries to be minimized since several
compliance categories to be checked can share the same data from the building record. In
addition, this building record can be deleted or updated from the data management

module.

Besides the code checking process, the HASES user can query the external
database for relevant NBCC texts as well as pertinent case studies which are integrated in
HASES by using Windows HLP (WinHelp) files that are dynamically accessed from the
expert system. The WinHelp provides custom footnotes where a context string is assigned
to identify the relevant document materials. For example, a context string "3.4.4.4" is
created in the code text file as the identi{ier of Article 3.4.4.4 Integrity of Exits. Whenever
a code compliance verification concerning this article is carried out, the system calls the
context string for identifying all pertinent code provisions to be imported to the user
interface for display. In addition, "hotspots" is a feature available in WinHelp to allow the
user to navigate between code provisions in the NBCC. Figure 5.2a represent a table of
contents consisting of all code requirements in Part 3 of the NBCC incorporated as
"hotspots", from which the user can browse any specific code provisions by clicking the
desired Article. For example, by clicking the underlined Article 3.5.2.1 Fire Separation
around Service Rooms, the user will move to the relevant location (Figure 5.2b). Also.

this feature is very useful for displaying cross-references in code documents in a different



window. Figure 5.2b is an example of the use of "hotspots" to display cross-reference:
clicking the underlined text "Article 3.5.2.2" will reveal another window containing the
requirements of this Article. The integration of case studies into the system which follows

a similar technique is described in detail in the following section.

PE gt vreab b bl e

TABLE OF CONTENTS
(ote: - Clicking the desired article will reveal firther information)

Part 3 : Use and Occupancy

Section 3.1 General

i

3.11. Scope =
3111 Scope il
i1z, Defined Words =
32113 Fre Protechon Informaton ;%

B

3.1.2. Classification of Buildings or Parts of Buildings by Major Occupancy ?:5
3121 Classification of Buldings é
3122 Occupancies of Same Classification :;5.;‘
3123 Arena Type Buildmes o
3.124 Police Statons £

Figure 5.2a. Content Table Containing Part 3 of the
NBCC Stored in External Database
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(1) Except as provided i elfired appliances shall be located in a
sesvice room separated from the Temaiagesefthe building by a fire separation having a
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where such buildings are more than 2 storéys in building height or 400 sq. min
building area, and
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(1) No fire separation is required for fireplaces or for rooftop appliances.
{2) Except for buildings classified as Group B or Group F, Division 1 major
occupancy, the fire separations required in Sentence 3 5 2.1 {1} need not be provided for

Sentence {1), and

and B fuelfired appliances, other than fuelfired appfiances referred to in Sentence 352.1(2).
(b) tHf that serve
served by means ] (a) not more than one room of suile, or
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heigtt of not more than 2 sforeys.

(3) Where a room contains 3 limited quansity of service equipment. and the service
equipment does not constute a fire hazard, the requirements for a fire separation or
sprinkienng described in Sentence 2 5.2 1 (3} shail not apply.

Figure 5.2b. Example of the Use of "Hotspots"
to Display Cross-Reference in Code Text

5.3 Main Characteristics of the HASES Project



5.3 Main Characteristics of the HASES Project

The research project demonstrates the feasibility of an automated code compliance
checking system for building inspection. The main characteristics of such a project are

identified below.

5.3.1 Interpretation of Part 3 of the NBCC

The National Building Code of Canada [NBCC 1990] is generally a very large and
complex regulation document with multiple parts, sections, subsections, and cross-
references. Efforts to make this code document more understandable and easier to use
have been spent over the last decade, such as training through formal education programs,
seminars, and workshops [Frye et al. 1992]. In spite of these efforts, the development of
expertise in the NBCC, especially Part 3 Use and Occupancy, has been slow. The code
requirements found in Part 3 of the NBCC constitute the main source of information for
establishing the knowledge base for the HASES system. Major issues in building the

knowledge base include:

® NBCC-Part 3 contains a large amount of complex regulations with
numerous subsections, articles. sentences, and cross references to address
fire safety, means of egress, exit requirements etc. The complexity is due in
part to the qualitative nature of the information which may cause confusion
in interpreting texts;

®m Code texts are written in a natural language format which requires
formalizing and extracting the procedural logic of the code for the

establishment of the knowledge base; and
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® Differences between national and provincial codes make it difficult to
construct a comprehensive knowledge base to be valid for all code

requirements.

The complexity due to the qualitative nature of regulatory information found in Part 3 has
been a major obstacle for researchers to develop a complete knowledge base containing all
code provisions from this part. Some researchers have made efforts to develop computer-
based systems for facilitating the code checking process, however, the knowledge base of
these systems was mostly limited to certain sections of the code document. For example,
the knowledge base of an expert system for building code checking developed by [Frye et
al. 1992], as mentioned in subsection 3.3.2, was narrowed only to sections of Part 3

concerning fire protection requirements.

The knowledge base of HASES contains regulatory information addressing most
code provisions in Part 3 of the NBCC. To achieve the successful development of such a
knowledge base, an incremental approach has been adopted as a suitable technique for
gradually encoding the code information in the computer-based system. This code
information is initially broken into a set of specific categories to be verified for the
compliance during inspection. The set includes, as mentioned in subsection 3.4.1, thirteen
compliance categories whose regulatory information is entered in the HASES knowledge
base. Each compliance item may be divided into several subcategories, depending on its
complexity and nature. In addition, these compliance categories are mostly independent of
each other, thus, facilitating the incremental approach to the development of the
knowledge base. Table 5.1 represents the list of thirteen compliance categories with their
corresponding subcategories. The hierarchical structure of these categories has been

established on the basis of the building code regulations discussed in [NRCC 1993]. The
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problem domain is initially narrowed to one compliance category extracted from several

related code provisions, then it is expanded to other categories .



Table 5.1. List of Compliance Categories and Subcategories

FIRE DETECTION AND ALARMSYSTEMS

Fire Alarm Systesms - Roquiraments
- Restrictions
- Emergency Power Supply
Fire Detection Systems - Smroke Detector Requaraments
- Smoke Detector in Air Handling Ducts
- Fire Detectar i
- Suparvision of Sprinkier Systems
FIRE SEPARATIONS
Opening Sizes
Opening Protection - Rating of Clouures
- Positive Door Laches
- Hold Open Device Release
- Doar Closing Devices
FIRE ESCAPES
Fire Escape Provisions
Fire Escape Protection
Guards and Railings

STRUCTURAL FIRE PROTECTION
Rating of Supporting Construction
Mandatory Sprinklering of Basements
Conditions to Permit Heavy Timber Roofs

EXIT REQUIREMENTS
Minimum Number of Exits
Exit Width - Protection into Exat Width
- Qumuiative Fxat Width
- Rexqared Exit Width
Exit Capacity
Distance between Exits
Exit Headroom Clearance
Location of Exits
Horizontal Exits - Gradient m Horzontal Exits
- Clear Width on FHonzontal Exats
- Floor on Sides of Horzontal Exats
- Stairs/Steps in Horizontal Exats
- Doors in Horizoreal Bats
Exit Doors - Direction of Exat Doors
- Width of Exat Door Leaves
- Opening of Exit Doors
- Stair Riser - Exit Door Distance
MEANS OF EGRESS
Barrier Free Access
General Requirements - Heaght of Guards
- Door Leaves
- Requuirerments tor Exits
- Access 1o Exits trom Roots
Egress from Suites or Rooms
Means of Egress from Roofs
Public Corridors - Minirmum Width
- Fire Separation

Underground Walkways




Table 5.1 (Contimxxd)

INTERIOR FINISH AND INSULATION PROTECTION
Flame-Spreading Rating of Interior Finish

7 Protection of Insulation Including Foamed Plastic
Protection of Foamed Plastic Factory Panels
STORAGE AND REPAIR GARAGES
Interior Stairs Extending to the Roof of a Storage Garage
8 Separation of Garages
Ventilation for Garages
Sprinkiering for Garages
Vestibules to Stairs in Storage Garages
Clear Height in Storage Gearages
EMERGENCY LIGHTING
9 Minimum Lighting Levels in Corvidors and Exits
Emergency Lighting for Corridors and Exits
Provisions of Emergency Lighting
STAIRRE
Curved Stair Requirements
Slip Resistance of Stairs and Ramps
Smoke Tightness of Scissor Stairs
Landings and Maximum Vertical Rise of Stair Flights
- Limits on Mextical Rise of Exit Stairs
10 - Dimensians of Landings
- Clearances on Door Leading onto Ramps
- Level Area an Rarmp beside Doorvwavs
Handrails Requirements for Stairs and Ramps
- Handrail Haght
Guard Requirements for Stairs, Ramps, and Passageways
Stair Treads and Risers in Exit Stairs
SERVICE FACILITIES
Service Rooms - Fuel-Fired Appliances
- Fire Separation
- Hazardous Service Roars
Electrical Equipment Vaults - Fire Separaion
11 - Pratective Mesares
- \antilation
- Sprinklening
- Liquid Tightness of Floors
Fire Separation of Vertical Service Spuces - \extical Service Spaces
- Top of Vixtical Service Spaces
- Botom of \ertical Service Spaces
HIGH BUILDING REQUIREMENTS
Sowke Control Systems
Cemtral Alarm and Control Facility
12 Voice Communication Systems
Protection of Electrical Conductors
Mandatory Sprinklering of Defined Spaces
Elevators for Use by Fire Fighters
MISCELLANEOUS REQUIREMENTS
Underground Walkways - Seroke Bamiar Doues
- Non—caomiantible Fishs
13 Interconnected Floor Spaces

Mezzanine Egress Requirements

66
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5.3.2 Incorporation of Case Studies

In a recent study conducted by Public Works Canada [PWC 1991], 1700
occurrences of code violations have been identified in 19 Agriculture Canada buildings.
This represents a large amount of relevant information which is extremely valuable
towards future inspection of other buildings. A number of code violations were analyzed
to extract rules [Gowri and Depanni 1994]. This analysis of case studies indicated that the
extraction of generic rules to diagnose specific problems would not be useful in practice
since no pattern could be established to classify these rules. However, it was proposed to
incorporate these case studies in HASES as reference matenials for consultation during
building inspection. Hypertext technique available in WinHelp, as mentioned in subsection
5.2.4, has been used to carry out this task. The incorporation of case studies in HASES

can be characterized by the following.

Classifying Case Studies

The amount of relevant information containing those 1700 occurrences of code
violations has been analyzed and classified into 60 cases based on the compliance
categories extracted from code provisions (e.g. articles, sentences, and clauses) in NBCC
Part 3. Each case study format includes the descriptions of regulatory violations as well as
suitable recommendations to meet the code requirement. Figure 5.3 represent a typical
case (i.e. CASE No: AGA30.032 AGRONOMY) which concerns code requirements of
Article 3.4.4.4 Integrity of Exits. [n this case, besides the availability of problem
description and recommendation, other case studies addressing code violation regarding
regulatory provisions in the same article are integrated as "hotspots" and can be accessed
by clicking the underlined case (e.g. CASE No: VAN12.001 OFFICE LAB, CASE No:
KAMS52. WORKSHOP, or CASE No: VAN21.001 SCIENCE SERVICE LAB).



Shrrprt s

File Edit Boolq_nik Help

aniz§ Sewrch ack. His
CASE No. AGA30.032 AGRONOMY
CODE CLAUSE REFERENCE NBC 3444
PROBLEM DESCRIPTION:
A wooden duct penetrates the exit starr enclosure The National Building
Code does not permit ducts to penetrare eXit stairs.
ANALYSIS AND RECOMMENDATION:
Separate the duct from the extt stair by two layers of 5/8inch Type X gypsum
wallboard.

See also:
*CASE Mo VAN1Z.001 OFFICE LAR
= CASE No KAMS2 WiORXSIOP

Eile Edit Boot!ut Help

==K

CASE No VAN12001 CFFICELAB

CODE CLAUSE REFERENCE NBC 344 4

PROBLEM DESCRIPTION:

A vent from the basemest discharges into the exat  Such an opeamng s not
permmtted

ANALYSIS AND RECOMMENDATION:

Reconfigure the exhaust vent to discharge directly to the extenor and not mro
an exxt Seal the vent openmg with a matenal havng atleast 2 3/4 h

fire protection razng.
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Figure 5.3. Example of Case Studies
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The information available from these case studies can be consulted for remedial measures
for the diagnostic problems in code checking of other buildings whose situations are
similar to those described in the case studies. It is noted that in current automated code
checking systems, the use of case studies has not been exploited much so far in assisting
code practitioners to develop solutions for problems in code violations; except in some
building design systems, case studies have been incorporated to support "the rapid

generation of design representations” [Flemming et al. 1994].

Indexing and Retrieval

The sixty relevant case studies have been integrated in HASES by using Windows
HLP (WinHelp) files that are dynamically accessed from the expert system. Each case is
indexed and attached to an appropriate code provision. Once the code compliance
checking process has been completed, all cases related to the particular code provision are
imported to the user interface for display. Similar to the technique used to identify relevant
code provisions from the code document stored in database, as discussed in subsection
5.2.4, custom footnotes in WinHelp are used to create a context string as an identifier for
locating the relevant document materials. For example, a context string "3444" is created
in the case studies text file as the identifier of a case addressing code violation of Article
3.4.4.4 Integrity of Exits. Whenever a code compliance verification concerning this article
is carried out, the system calls the context string for identifying all relevant case studies to
be imported to the user interface for display. In addition, the "hotspots” feature which
initiates a jump to another topic enables the user to navigate between case studies stored
in the database. The user can also access a content table (Figure 5.4) including all case
studies incorporated as "hotspots” which allow the user to browse any pertinent case by
clicking the desired one. For example. clicking the underlined CASE No:

DEL34 HEADERHOUSE will move the user to the relevant location (Figure 5.4). Also,
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the use of "hotspots” allows the user to move from one specific case to other relevant case

studies regarding code requirements of the same article, as illustrated in Figure 5.3.

Requirements for Case Studies in HASES

The incorporation of case studies in HASES aims at assisting building inspectors
in two critical ways. First, it provides access to a large memory of previous solutions for
code violation problems that contain examples inspectors on site may not remember
immediately on their own, since either the amount of case studies are quite numerous or
they were generated by different inspectors. A second aim is to quickly provide inspectors
with examples of solutions for code violation problems, which may be similar to the

current case under investigation.

5.3.3 Portability of the HASES tool

The HASES tool is designed to improve performance in building inspection. The
portability is a necessary design objective for the development of such a computerized
code checking system. It is noted that no portable computer-based tools are currently
available to assist code practitioners in verifying existing buildings for code conformance.
In effect, most field inspectors carry out the code compliance checking process in a
manual manner by using code documents in a text-based format, which are preferably
utilized in offices rather on site [Alhussayni 1996, Nguyen 1996, Personal
Communication]. This situation causes time-consuming problems and reduces productivity
as well as the quality of performance in building inspection. To overcome such problems,
the HASES tool has been designed to be capable of automating the code compliance
checking process. Besides the automatic nature of such a computer-based tool to facilitate

the building inspection process, it is a portable software product, which enable the on-site



inspector, while walking around a building, to carry out the building code compliance

checking process, as well as, to quickly generate reports on compliance results.
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Figure 5.4. Content Table Containing Case Studies Stored in Database



5.3.4 Main Operations of HASES

The main operations that are performed by HASES include:
- Store general building data,
- Select Compliance Items - specific queries, and

- Display compliance checking results and reports.

Store general building data

Figure 5.5 presents the general building data screen from which the user can view,
edit, and update the basic data not specific to any code regulation such as the name,
address, occupancy classification, construction type, number of storeys, building areas,
number of facing streets. This data is stored in an external database as a building record
and can be automatically extracted as needed during the code compliance checking
process, hence, avoiding redundant queries. In addition, from this general building data
screen the user can select, delete, or add a record to the database by activating the
"Record"” button. In addition, the user is usually provided with a "Glossary" button in case

that definition of technical terms in responding to a prompt is required.
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Figure 5.5. Data Stored in Database

Select compliance items - specific queries

The user next selects the specific compliance items to be verified from the list of
compliance categories in the Main Menu screen (see Figure 5.6). This menu is established
on the basis of the building code requirements discussed in the document "Guidelines for
the Application of Part 3 of the National Building Code of Canada to Existing Buildings”
[NRCC 1993]. Corresponding to each of these categories, submenus list the specific items
to be checked. For example, if the user selects the "Exit Requirements" category, a
submenu appears and presents eight compliance items (see Figure 5.7). Some compliance
items are further subdivided, depending on complexity and nature. Through the HASES
user interface, specific data required for compliance checking is finally collected by

querying the user. The queries depend on the initial building data stored in the database
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and the answers to any previous queries. For example, if the user select the pushbutton
"Exit Width", HASES will query the user for additional information (see Figures 5.8a and
5.8b).

Display compliance checking results and reports

The compliance check result screen presents a summary of the data collected and
of the code requirements used, the reference code text, as well as the final pass/fail result
for the compliance check (see Figure 5.9). The "Code Text" button allows the user to
view the code texts relevant to the compliance check item. Also, the user can access
previous case studies corresponding to the specific code reference by activating the "Case
Studies" button. The "Code Text" and "Case Studies” buttons are attached to Code and
Case identifiers, respectively. Once the verification of a specific compliance category has
been completed, the system calls these identifiers to import code provisions and case
studies relevant to the compliance category to the user interface for display. For example,
as the result screen for compliance verification of Exit Width appears, Code string
"3.4.3.1" and Case string "3431" are attached to the "Code Text" and "Case Studies”
buttons, respectively, to identify relevant code texts and case studies regarding the
regulatory requirements of Article 3.4.3.1 Exit Width. Activating the "Code Text" button
or "Case Studies” button will reveal another window displaying relevant code provisions
(Figure 5.10) or pertinent case studies (Figure 5.11). From this window, users can move
to a content table of the reference materials by pressing the "Contents" button, where they
can browse any specific topics through the reference document, as illustrated'by Figures
5.2a and 5.4). In addition, the results of compliance checks can be stored in text files as
HASES reports. As a report screen appears, the user can view all the data in the current
report, as well as add comments or supplementary information if necessary, before sending

it to the external text file (see Figure S.12).
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3.4.3.1. Exit Width:
(1) The aggregate width of required exits shall be not less than the value
determined in conformance with Sentence (2) and Articles 34.32 103435
(2) The required width of an exif shall be not less than
{a) 1 100 mm for
(1) corridors and passageways, and
(ii) stairs and ramps that serve more than 3 storeys above grade or
more than 1 sforey below grade,
{b) 900 mm for stairs and ramps that serve not more than 3 storeys above
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©® 1 650 mm for stairs and ramps serving patients’ sleeping rooms,
(d) 1 050 mm for doorways serving patients' sleeping rooms, and
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Figure 5.10. Relevant Code Text
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CASE No: ST.14 ROOT CELLAR

CODE CLAUSE REFERENCE: 2MBC 3.4.3.1(2)

PROBLEM DESCRIPTION:

The width of the exit door serving the upper foor is less than 900mm as
required by the National Building Code.

ANALYSIS AND RECOMMENDATION:

Widen exit door to munimum required width of 900mm.

Figure 5.12. Report Screen
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5.4 LevelS-Object: An Expert System Development Tool

The software environment used in the development of HASES is Level5-Object
[Level5-Object 1994] created by Information Builders Inc., a tool to facilitate the
development of expert system applications in the Microsoft Windows environment. This
section is divided into two sub-sections: the first presents the features of Level5-Object

and the second discusses programming in such a software environment.

5.4.1 Features of LevelS-Object

The most important features to be evaluated in the selection of such a development
tool include the knowledge representation, inferencing methodologies, and the end-user

interface.

Level5-Object integrates knowledge representation language with rule-base, logic
and object-oriented programming methodologies. The knowledge representation language
used to develop the HASES application is called PRL (Production Rule Language) which
provides an object-oriented framework for organizing information and logic into the
expert system. In Level5-Object, knowledge is represented in the form of the production
rules, which are inherently suitable for representing the type of information found in
building codes. In addition, as an object-oriented environment, Level5-Object allows the
developer to represent building data as frames with objects and attributes. Relational links
such as [S-A and INSTANCE are provided in PRL to enable inheritance between objects,
and the relationships between object attributes are defined by rules. These rules consist of

an antecedent and consequence written in the PRL format, which express the logical
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relationships between the information and the conclusions in the application. In LevelS-

Object, the Methods/Rules/Demons Editor is used to create rules (see Figure 5.15).

The inferencing methodologies used to carry out the reasoning process in LevelS-
Object include both forward chaining and backward chaining. Backward chaining, as a
goal-oriented approach, is suited to solving diagnostic problems in code checking, where
the objective is to verify the code compliance of a given building. However, the
combination of forward chaining and backward chaining allows the inference engine to
reach decisions more efficiently. The availability of both reasoning techniques in Level5-

Object makes it easier to develop such applications as HASES.

The end-user interface provided by LevelS-Object facilitates the development of an
application due to a number of its capabilities. First, the PRL language which is used to
encode the domain knowledge and logic into the application is simple to learn and read,
and is similar to the natural English, thus imposing less programming effort. Second, it
provides the capabilities to access and perform other actions on data within dBASE II,
dBASE III, or dBASE [V databases. This enables the updating or modification of
information in databases without any effect in the knowledge base. Also, a direct program-
to-program communication facility is available for facilitating a possible communication
link using an external file for data exchange between an external program and the
knowledge base. Third, Level5-Object is capable of incorporate graphic information in the
knowledge base. This capability makes it possible to create a graphical interface for data

input.
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5.4.2 Program Development in LevelS-Object

Programming the HASES application has been accomplished in three steps. First,
objects are defined using the Objects Editor. Next, a collection of objects are displayed
using the Display Editor to create prompt forms. Finally, rules are implemented using the

production rule language (PRL).

Objects defined in the HASES application may be either physical (e.g. building
components) or abstract (e.g. code requirements) concepts to be checked for compliance.
In Level5-Object, a class defines the general properties of a group of related objects. For
example, the class Building Data defines the common properties of all buildings to be
checked for code compliance. The development of the HASES application initially
requires the definition of objects and attributes specific to each compliance category. The
Object Editor Window available in Level5-Object allows the developer to edit the classes
and their attributes. As an example, the definition of the class ExitData is given in Figure
5.13. The class ExitData is defined in association with its attributes such as ExitTypes,
ExitNumber, FloorArea, etc. This class provides a good example of what type of values
attributes may have. The first attribute, "ExitTypes", represents a compound attribute [C]
which can assume only one value from a group of symbolic values (e.g. a door way, a
corridor, a passageway, a stair, or a ramp). Second, the numeric attribute [N] represents
numeric values or quantities. "ExitNﬁmber", FloorArea", TravelDistance", ... are examples
for such an attribute type. The third type "ExitTypes in Floor" is a multicompound
attribute [MC], which represents attributes that can assume more than one value from a
group of symbolic values (e.g. Ramps, Doorways, Corridors, Passageways, and
Stairways). Other classes in the code compliance categories are defined in a similar

manner.
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ExditNumber
FloerAres
TravelDistance
Occupantioad
RampTypes

Exterior Ramp

Interior Ramp
RampGradient
ExitWidth
Exit serves more than theee storeys

Yes

No
TotalExitWidth
Required aggregate width of exits
ExitTypes in Floor

Ramps

Figure 5.13. Definition of the Class ExitData

The Display Editor Window provided by Level5-Object is used to create displays

and the objects that comprise them. In Level5-Object, the individual parts or objects ofa

display, are called display items. Each display item created in the Display Editor is an

instance of a class, which inherits all properties of the class. A number of built-in display

items are available in Level5-Object to facilitate the creation of prompt forms and graphic

displays. Several of them are demonstrated in Figure 5.14. The first display item

"Textbox", as shown on the left side of the figure, allows the incorporation of text within a

display. The second item "Checkbox Group" displays a group of checkboxes which

represent the possible values of a multicompound attribute, for example, the types of exits
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found in the floor space may be "doorways" and "passageways". The third item
"Promptbox" is used to prompts the end-user for an attribute's value. The fourth item
"Pushbutton" is a standard Microsoft Windows button, which can be attached to a value
or another display. When the pushbutton is activated, a set of actions contained in the
rules attached to that pushbutton will be carried out. For example, the pushbutton
CHECK in Figure 5.14, when being activated, will verify the exit capacity for code
compliance and display the checking result.. The description of other built-in display items
available in Level5-Object can be obtained from the Level5-Object Reference Guide

[Level5-Object Reference Guide 1994]

O Ramps
X Doerways
(3 Corridors
& Passageways
O Stirways

so00j

Figure 5.14. Example of LevelS-Object Built-in Display Items



The final step in implementing the HASES application is to program the rules representing
the knowledge in building codes, whose objects have been defined in the first step. A rule
created in HASES is a program written in PRL, which is able to reason with information
in order to reach conclusions regarding code checking results. The rules can be
programmed by means of methods, backward-chaining rules, or forward-chaining demons.
Two types of methods available in Level5-Object include WHEN NEEDED and WHEN
CHANGED. The former specifies a procedure for determining an attribute's value and the
latter establishes a procedure that LevelS-Object executes when an attribute's value
changes. Figure 5.15 shows the example of a WHEN CHANGED method created in the
Methods/Rules/Demons  Editor, which is attached to the pushbutton
"ELocationCheck3PB". When this button is activated, the exit location is verified for code

compliance.
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facs o

“Methods  Edit

WHEN CHANGED
BEGIN
IF Rooms separsted by FireSeparation OF ExitDats IS Yes = TRUE THEN
BEGIN
text OF textbox 297 := CONCAT( * - Measured travel distance = *, TO STRING{ TravelDista §
text OF textbox 287 := CONCAT] text OF textbax 297, * - The floer srea is sprinkiered.”, Ca
text OF textbax 297 := CONCATY text OF texthax 297, ** - The floer area is served by 3 publ |
text OF textbox 297 := CONCAT] text OF textbax 297, * - Roems snd sultes are separated f |
output OF window 8 := CheckResult
visible OF window 8 := TRUE

text OF textbox 298 := ** - Maximum allowable travel distance = 45 m.”
IF TravelDistance OF ExdtData > 45 THEN
BEGIN
text OF textbox 289 :=** - FAILED
END
ELSE
text OF textbox 299 ;=" - PASSED"
END
IF Rooms separated by FireSeparation OF ExdtData IS No = TRUE THEN
BEGIN

output OF window 12 := ECorridWidthCeilHeight

Figure 5.15. Example of a WHEN CHANGED Method

A rule is an [F-THEN-ELSE structured program in which the IF statement or antecedent
begins with an expression such as an attribute while THEN introduces a conclusion
consisting of a PRL command or a simple, compound, or multicompound attribute. When
the antecedents have been proved true, the rule fires. The attributes in the conclusion are
then established and the commands executed. If the antecedents are proved to be false, the
alternate conclusion (ELSE clause) executes, if present. The syntax for a demon is the
same as that for a rule. As an example, the creation of the rules "Checking openings in an

interior fire separation” is given in Figure 5.16. The code checking process is performed



through two rules: the first determines the code requirements concerning the Opening Size

and Maximum Dimension and the second provides the compliance result.

uleg Edit Select Lists
{7 d k. =Eifs

RULE te determine required OpeningSize and MaxDimensien
IF FireCompartments are sprinkiered IS Yes

THEN ReqdOpeningSize := 22

AND ReqgMaDimension := 6

ELSE ReqOpeningSize = 11

AND ReqdMmdDimension == 3.7

DL X R P B s
RULE to check Openings in FiseScparation|
IF InputOpeningSize <= ReqdOpeningSize
AND InputMaxdDimension <= ReqdiMaxDimension
THEN text OF ComplianceResult := “PASSED”
ELSE text OF ComplisnceResult := “FAILED"

Figure 5.16. Examples of Level5-Object Rules
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S.5 Validation and Comments on HASES

This section discusses the validation of the HASES knowledge base and addresses

several comments on the HASES prototype.

5.5.1 Validation

During the various stages of development, HASES has been tested by SIRICON
Inc. at Centre for Building Studies of Concordia University and Public Works Canada
(PWC) to ensure the validity of the knowledge in handling all compliance checking
scenarios. The HASES reasoning has also been verified for consistency in compliance
checking. This verification was carried out for each compliance category to make sure all
code provisions have been correctly interpreted and conclusions provided by the HASES
are reliable. Interpreting building codes is inherently a complex task, thus, the test for the
HASES validity was carefully carried out by different professionals through various
phases. In effect, having completed its first version, HASES was initially tested by
Depanni S., a professional engineer at SIRICON Inc., and then was distributed to some
code practitioners (i.e. Rod Davidge, Melinda Burke, Stephen Lo) at Public Works
Canada for reviewing. Several suggestions by PWC have been incorporated to improve
the HASES user interface and to enhance the system architecture making it valid for new

versions of building codes.

5.5.2 Comments on HASES
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Some encouraging responses to the user interface of the HASES prototype have
been obtained from code practitioners. The major reasons for their interest of this HASES
facility include: ease and convenience in use, simplicity in prompting formats for eliciting
information, and automation in storing/updating building data, presenting compliance
results, as well as generating reports. Also, the accessibility of code texts and relevant case

studies has proved to be the desirable features of HASES.

Besides the above positive comments, there are a few aspects to which minor
improvements are required to make the tool more comfortable to use. For example, the
program should provide a detailed list of all subsections as well as the result of the code
check, which allows users to keep track of every section of the program they entered. In
the current HASES tool, the check of a single compliance category, in general, involves
selections from several menus and many questions in various windows so that users might
get confused and forget what section of the code they are currently in, as well as how
many of the subsections of any given menu had not been checked. It was proposed to
create a second report that summarizes which sections had been verified along with the
compliance check result. This report would not replace the current report. It would open
automatically each time the program was run, and would keep track of every section of
the program the user entered. Another proposal to reduce confusion is to provide a
description of the current section by filling the title bar in the active window with the
subsection name. This suggestion has been incorporated in HASES as seen in screen

outputs presented in subsection 5.3 4.

Another concern of the code practitioners is the limitation of the HASES
knowledge base in its present form. As mentioned in Subsection 3.4.2, the code
knowledge incorporated in the proposed system applied only to buildings classified in the

occupancy group D (Business and personal services) and F-Division 3 (Low hazard
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industrial occupancies). Moreover, the regulatory information encoded in the HASES
knowledge base is limited to the code requirements contained in Part 3, Use and
Occupancy, of the NBCC. Although this is a reasonable concern, the current study focuses
mainly on the development of a framework for an automated code compliance checking
system. The proposed methodology for developing such a system is applicable to other
Parts of the NBCC by extending the knowledge base with additional regulatory

information.

Finally, it was also proposed to develop some additional features with respect to
graphical representation of building components to be checked for compliance. This
approach provides the user with a graphics-oriented module for entering data, which is

found to be a more desirable data input mode.



Chapter 6

CONCLUSIONS AND RECOMMENDATIONS

6.1 Conclusions

Building code compliance checking during inspection is a complicated task. The
field inspector normally does not have much time and expertise to properly interpret
complex regulations of building codes such as Part 3 of the NBCC. The complexity of
Part 3 results in part from the qualitative nature of the information and in part from the
multiple cross references which cause confusion in interpreting texts. The lack of proper
on-site inspection has been one of the cause of code violations found in numerous existing

buildings.

Recent research projects on computer-based systems to assist in code compliance
checking have attracted significant attention. Most of these projects focus on the
development of expert systems for design assistance, hypertext systems for browsing
through code documents or for retrieving relevant provisions from the code text.
However, none of these systems were aimed at assisting on-site inspectors in automating
the building code checking process. This thesis presents a systematic methodology to

develop an automated compliance checking system for building inspection.

Several applications of current computer technologies such as expert systems,

hypertext systems, etc. to automated code compliance checking have been investigated.
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The intelligent system approach combining expert systems. databases. and hypertext
techniques was selected as an efficient framework for developing an automated code
checking system for building inspection. The expert system is capable of providing advice
with diagnostic problems in code checking, whereas the database and hypertext systems
are able to handle efficiently the building information management and provide access to

the NBCC text as well as relevant case studies.

The development of the knowledge base for the intelligent system involved three
basic steps: establishing specific compliance categories extracted from code documents,
developing deciston trees based on the procedural logic for each compliance category, and
translating the decision trees into representation formats suitable for computer
implementation. Rule-based techniques have been utilized for representing the knowledge
contained in the building code requirements of Part 3 of the NBCC since the form of rules
seems to match that of the code provisions; whereas frame-based representation has been
found suitable for describing building objects (e.g. floors, zones, spaces etc.) to be

checked for code compliance.

The proposed methodology for automated code compliance checking has been
implemented in a prototype system namely HASES. The HASES system relies on specific
knowledge and reasoning to interpret and verify the regulatory requirements in Part 3 of
the NBCC. Basically, the HASES operations include three sequential tasks. First, it stores
the general building input data in an external database, which can be extracted as required
during the code checking process. Next, by selecting a specific compliance category to be
checked from the main menu or submenus, the user is queried for information in such a
manner that specific data required for checking is automatically collected. whilst avoiding
those unnecessary. Finally, the system displays a summary of the building information and

the code requirements used, as well as the final compliance checking results to be stored in
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text files as HASES reports. In addition, the user is provided with access to relevant code

provisions and pertinent case studies.

The HASES implementation demonstrates the feasibility and practicality of
developing a computer-based tool to assist building inspectors in automating the code
compliance checking process. The advantages of HASES in facilitating the building

inspection process can be summarized as follows:

® Easy to verify code compliance due to the accessibility of reference
materials including code texts and relevant case studies.

® Convenient and time saving for inspections as well as report writing on
the fly, as inspectors walk around a building.

® Consistent and reliable in compliance checking as well as highly efficient
in solving code violation problems thanks to the availability of pertinent

case studies.

6.2 Contributions

The thesis research attempts to demonstrate the feasibility of developing an
automated building code compliance checking system for inspection making use of current
computer technologies. It involved developing a framework for automated approach for
the diagnostic of existing buildings during inspection. The present study results in a
fundamental methodology upon which an automated code checking system can be

developed. The contributions are summarized below.



Investigation of computer-based systems for code compliance checking

As presented in Chapter 3, the capabilities of computer-based applications to code
compliance checking have been evaluated. Expert systems are found suitable for
diagnosing problems with code compliance checking, whereas hypertext systems are
efficient for handling information management. An expert system in combination with
database and hypertext techniques has been identified as an efficient tool to assist building

inspectors in automating the code compliance checking process.

Creation of a framework for automatic approach to code compliance checking

A comprehensive framework for automating the code compliance checking
process has been created and adapted to Part 3 of the NBCC to develop an intelligent
system, described in Chapter 4, for automated code compliance checking in building
inspection. The expert system which is a major component of the intelligent system with a
specialist knowledge base will efficiently assist inspectors on site in giving advice with
diagnostic problems in code checking. Another component of the intelligent system is the
external database capable of handling information management and providing access to
code texts and relevant case studies. Although the prototype knowledge base accounted
for only the code requirements in Part 3 of the NBCC, the proposed framework can be
adapted to other parts of the NBCC or other building code documents to achieve a

comprehensive automated code compliance checking system.

Interpretation of Part 3 of the National Building Code of Canada

The regulatory requirements contained in Part 3, Use and Occupancy. of the
NBCC (1990) have been utilized as the main source of information for establishing the
knowledge base for the intelligent system. This represents a complex regulatory document
with numerous sections, subsections, articles, and cross references involved in the

checking of any particular compliance item. Another element contributing to the



94

complexity is the qualitative nature of the information found in NBCC Part 3, which may
cause confusion in interpreting texts. In addition, since code texts are written in a natural
language format, the knowledge in the building code is necessarily interpreted and
translated into a suitable format for computer implementation. The interpretation process
is characterized by three major tasks: the extraction of specific compliance categories from
Part 3 of the NBCC, the development of decision trees for each compliance category, and

the translation of these decision trees into rule-based formats which are ready for the

intelligent system implementation.

Evaluation of important roles of case studies

The present study evaluates the roles of case studies in providing suitable
recommendations for non-compliant buildings to meet code requirements. It is shown that
the information contained in case studies is a reliable source to be consuited for remedial
measures for the diagnostic problems in code checking. The incorporation of case studies
in the automated code checking system will assist code practitioners in developing

solutions for problems in code violations.

Development of a portable automated code compliance checking tool for building
inspection

The intelligent system framework was implemented in a commercial software
development tool Level5-Object to obtain a computer-based code checking tool named
HASES. In addition to its automatic nature, the HASES software product is a portable
tool which enables the field inspector to carry out, on the fly, the code compliance
checking process as well as to generate result reports, as he walks around a building. The

portability of the automated code checking tool makes it convenient in use on site.



6.3 Recommendations for Further Research

In order to fully exploit the capabilities of an intelligent system in automating the

code compliance checking process, several research issues need to be addressed.

Extending HASES knowledge base

The regulatory requirements found in Part 3, Use and Occupancy, of the NBCC
are the major information source to be used for developing the knowledge base of the
prototype system. In addition, the knowledge base accounts for code regulations only
applied to buildings classified in the occupancy group D (Business and personal services)
or F-Division 3 (Low hazard industrial occupancies). Other occupancy groups such as A-
Divisions 1, 2. 3. 4, B-Division 1, 2, C, etc. need to be addressed completing the
knowledge base for the entire Part 3. Furthermore, the HASES knowledge base must be
improved to be fully transparent so that the updating or modification of the knowledge

due to building code revisions will not affect the knowledge base.

Enhancing the HASES user interface

The input method in the HASES user interface is a simple query mode where the
expert system collects information by prompting the user to answer a direct question. The
user interface could be enhanced to allow data to be entered by means of a spreadsheet, a
database file, and a graphics-oriented module. Furthermore, the current HASES provides
users with a "Glossary" button in case of an assistance in explaining a specific term is
required. The improved interface should provide the explanation while prompting queries
by using a "hotsp'ots" approach where the user can click the word of interest to initiate a

display of its definition.
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Expanding external database for further case studies

HASES external database contains only 60 case studies extracted from a recent
survey by Public Work Canada on Agriculture Canada buildings. A number of code
violation problems do not have corresponding case studies in the HASES external
database. The database should be expanded for storing more case studies accounting for
as much violation circumstances as possible. In addition, it should be updated by adding

new cases whenever code violations exist during the building inspection process.

Incorporating a graphic presentation module

A graphic representation of building components to be checked for compliance
may be preferable, since it allows code practitioners to visualize the building in two or
three dimensions, making it easy to elicit the building information, especially the geometry,
whose descriptions in code text may not be explicit enough. Interfocked spaces, crawl
spaces, roof access, building area, areas of refuge etc. are examples of such building
information. Such a graphic presentation module should be incorporated in the HASES
architecture for displaying the details of building components. It is also necessary to
establish a new facility capable of exchanging data between the knowledge base and the
graphic module. In addition, the incorporation of a graphic module would constitute a
graphics-oriented input method where the inspector is prompted to enter information at

specific locations on a graphics screen.

Integrating HASES with other building design systems

The present HASES is aimed at assisting inspectors in automating code
compliance checking process. It is still isolated from other building design systems such as
architectural design and structural design. It is possible to integrate HASES with these

systems so that architects and engineers can verify their designs for code compliance
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during the design process. The integrated system should be able to read data trom

engineering drawings to be required for the code compliance checking.
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1/ FIRE DETECTION AND FIRE ALARM SYSTEMS

EMERGENCY POWER SUPPLY (Article 3.2.7.8)

[Isanamm power supply (EPS) [xarichdfa'dnmimdﬁrealmnm’l

iYes No
The EPS is fram Cailed
ageneratar e IsmeEPSquIecfpovidxgs‘pavisay_&
abm'l§ ion € power for not lessthan 24 h ? (3)
Is the building a high building (i.e. >=36 m high,
measured between grade and the floor level of the
Sertence ) top storey) ?

[bsdeB’Spovideanmmr s the bullding required to be
eqipped with an amunaator’?)

power under full load far not less

than2h? ol T e
Yg ﬁ “ Is the EPS capable of
m providing an emergency
St = power under full load
S for at least 30 minutes? |
Sentence (3) Sextence 3)
'EF ]
s the EPS designed so that there Yes
will be azomatic transfer to
i Sentences(5)&A(6)
emergency power in the event of]
a fallure of the normmal power #‘@ Cailed)Passed
| sauce Sertence (4)
Is the EPS provided for the voice | s B I C
m(s?\b communication system and capable lsd\eEPSfa'tflevuceocrrl:ruumm
Gaileld) of maintaining operation of the system capable of full operation
= system for not less than 2 haurs ? immediately upon a the failure of the
normal saurce of power ?

SMOKE DETECTORS IN AIR HANDLING DUCTS (Articdle 3.2.4.13)

- 7

[s a fire alarm system required ? LS p!
No The air handling system serves
© more than on storey
© more than one suite in a storey. -
Not apply o none of the above .
Yes | Is the recirculating air handling
system designed to prevent the
circulation of smoke upon a
« No signal from a duct-type smoke
detector ?




FIRE DETECTOR REQUIREMENTS (Artide 3.2.4.10)

Is a fire alamm requared ?]
Yes No

O jamitor's roons, and

Fire detectors are installed in »
O storage roons not within dwelling urits,
O service roomns not within dwelling units,

O elevator and caarbwaiter shaft ?

No

g Yes

usedorsta'edmtfebuﬂdirg?

rooms where hazardous prodhucts|

No

are to be used or stored ?

—

No Yes

Avre there hazardous products being| e Are fire detectors installed in -~ |

Are the fire detectors

A 4

fire alaam system ?

Yes

SUPERVISION OF SPRINKLER SYSTEMS (Sentence 3.2.4.16.(5))

Is the building equupped
with a sprinkler system |[Yes]
that 1s electrically super-
vised ?

No

Not apply

Is the sprinkier systan electrically
supervised 1o indicate a rouble
signal for each of the fallowing:

O Movemeant of a cantrol valve handle,

O Loss of excess water pressure required
to prevert false alams in a wet pipe system,

O Loss of pressure in a dry pipe system,

O Loss of air pressure in pressure tank,

OAsigxiﬁmdageinmlcvd inany
waer starage aontainer used far fire fighting
purpose, and

O A lemperaure approaching the freezing potrt
in any dry pipe valve axlosure ar water starage
cantainer used for fire fighting purpose ?

No

PULL STATION REQUIREMENTS (Article 3.2.4.17)

Is a manual pull station installed in every
floor area near every required exat ?

= ~&=
- G

FIRE ALARM SYSTEM TO BE INSTALI ED THROUGHOUT BUILDING

(Sentence 3.2.4.2.(3))
Is a fire alalamrequired inany | Yes R Istl‘ez_ala;m installed throughout
portion of the building ? the building ?
lbb Yesl No
Not apply. @ ed




FIRE ALARM SYSTEM REQUIRED (Sentence 3.2.4.1.(1))

[lsaﬁredamirstal]ui?}l‘i‘———-@

YNO
Mhajar ocaupancy of the building is
—0 Grap D
l_- O Grap F-3 1
The building corntains Coaupant load above
O a caontained used area, Ist starey = X7
O an impaded egress aone, Ocoupart 1cad below
0O an inarcamnected floar space. Ist starey =Y ?
O mure than 3 stareys (including storeys below grade). ¢
O ataal ocaupancy load of mare than 300, ar X785
O an ocaupant load of more than 150 above ar below —t T
th::ﬁrststa'ey‘? V>T759
Yes| No : Yes

SMOKE DETECTOR REQUIREMENTS (Artide 3.2.4.12)

Smoke detectors are installed in
Is afircalarm Yes O every roamin a contained used areca

system required? and carmidors serving those roons, and
o O every exit stair shaft
No| lYes
{ Is there an interconnected floor space in the building ? ]

@ — I o NS
TYﬁ "Are smoke detectors installed in the vicinity of draft stops
Gailed) 1 that are required in the building 7

RESTRICTIONS ON FIRE ALARM SYSTEMS (Sentences 3.2.4.6.(1) & (2))

rkﬂewdmmnraimbcmqndwmmmmm°l

wNO  Yesg

Is the fire alarmn systemdesigned so that s the fire alarm systern designed so that
when an alam signal is achuated, itcan when an alam signal 1s actuated, 1t can
not be silernced automatically for at least not be silenced autarmatically for at least
S minutes ? 20 munutes ?

‘.YE.. Does the fire alaim system incarporate
No | silencing swanitches other than those installed
inside the fire alarmn control unit ?

a voice cammunication system attached to the alam, and

y an audible signal device incorporate a means that enables
@ the device to be silenced for a period of nat maore than 10

1 min after which the device shall restore to normal operatian?

Yes

Il:sthewstanuduchp'ovmmfa’sdaﬁrgthcalam
signal in a single stage fire alarm systern when voice —]
Yeq{ messages are being transmitted (after sounding for at least
| munge ) ?

107
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CONTINUITY OF FIRE ALARM SYSTEMS (Article 3.2.4.2)

Does the bualding have service
roons/storage: roors ?
Yes
7 >
[Nnber;fstaeys;:f ?e- then e rrEiOr
¥ cocuparncy ?
T 4 No Yes
Does a vertical fire separation | No
having a fire resistance rating
of nmore than 1 h separate a
portion of the building fromthe A single system
remainder of the building ? serves all | INO
Yes | cocupancies ?
+ lYes
Are there any opemngs throughout Is a fire alarmsystem
the fire separanon, other tanthose | Yes installed throughowut
for piping, tubing, winng and totally the building ?
enclosed noncombustible raceways ? No \&
es
No
No| | Yes
Does each separated portion contain more than one major occupancy ? @'

SINGLE OR TWO STAGE FIRE ALARM SYSTEMS (Qause 3.2.4.3. (1d))
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2/ FIRE SEPARATIONS

GENERAL REQUIREMENTS (Article 3.1.8.1)
Is the fire separaticn Do

No castnxted s a an-
Arc thare any openings 3 s ¢l 4 Yo @ @

in the fire scparation ? | Are the p—
= operengs pratected | yey >
with closures ?

v No
Operang arca =A"
Max dmension =D?
LIs the building spnnklered? |

>
CLOSURES OF OPENINGS IN FIRE SEPARATIONS
(Articles 3.1.8.11, 3.1.8. 12, & 3.1.8.13)
Thedomreis
a door assenrbly
aﬁxadvdredgmsasarﬂya'gasblodc
~+O positive latch an swing door have a fire-resisiance of |
40 rating of dosure nmtmyethan 1 h?
daang devicss No
© hold-gpen device release Is the glassblock ran-| No,
foroed with steed rein-
Is the swing doar equipped foroemant in each
with a positive ladhing horizxtal joint ? RS
—p{ mechanisn designed to hald
the door in the dose positian
after each use ?

between an exit endosure and the rermainder of the floor arca
between a dead-end camidor and an adjacent occupancy where
the aomidor provides the anly access to exat

@ inafire wall

Fire-protection rating|

Car'd
Caont'd The vestibule or commidor is separdied fromthe rermander No
of the floor area by a fire separation having a fire-reastance
> rating of not less than 45 min,

The above separation aontams no wired glass or glass block
within 3 mof the dosure into the exit enclosure, and e

The vestibule or axmidor contains no coapanxy ?




Closing devices (cont'd)

Hold-open device
release (cont’'d)

:

Is the door provided with a self-closing device Yes

110

designed to retum the doar to the closed posttion
after each use ?

v No

Location of the door is

© between a comidor providing access to exat from classrooms and the adjacent classtooms
in a building having not more than 3 storevs

© between a public commidor and adjacent roomss in a building having not more than 3 storeys
and where the doors are not located in a dead-end portion of the comdor. or

O between sleeping rooms or a cormidor and adjacent sleeping rooms. where the doors are
within a fire compartinent less than 1000 m 2 area ?

Yes
O Exit doors
<«+0O Doors opening into a public corridor and egress doors
O _Others
-3 Is the hold-open device  |-Yes
designed to be released
by a sprinklered system No
or a heat-actuated device? —'1
No. of storeys >3 L Failed)
'y
Is the hold-open device | Yes
No. of stareys <=3 designed to be released
—%| upon a signal froma
smoke detector or a fire
alarm? Do

&




3/ FIRE ESCAPES

FIRE ESCAPE PROVISIONS (Article 3.4.7.1)

111

Is any fire escape erected [No
on the building ?

Lyes

Is it impracticable to provide
one or more of the exit facilities
in the building ?

lY&s

No Yes
No
N> §

Number of storeys =N ?

N<=$§

PROTECTION OF EXTERIOR OPENINGS NEAR FIRE ESCAPES (Article 3.4.7.4)

No | Does the fire escape serve

a storey above the second ?
Yes
Mw /) Are :
ox appi E— openings protected
by dosures ?
No| lY&s
Failed No | Are they located within 3 m
honzontally of, 10 m below

or 1.8 mabove any balcony,
platform or stairway of a fire

Yes
escape ?

GUARDS AND RAILINGS (Article 3.4.7.6)

Are the open sides of the fire
escape (platfarm, balcany, or NO

'F

stairway) protected by guards ?

Measured height of guard=H ?

Satenoe(l)

=

H>=920 mm

Isawallhmd'allmstalled

—

Yes

Is the fire escape (platform or stairway)

provided with two equally spaced rails

not more than 460mm apart, parallel to

stmrstnngasarﬂtoplatfamedges"
Yes‘ No

entence (2)
e
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4/ STRUCTURAL FIRE PROTECTION

MANDATORY SPRINKLERING OF BASEMENTS (Article 3.2.1.5)
r&[lsthetnsamm s;rn‘nklered"}-Y£

Is the building ar partion thereof erected entirely
below the adjoining finished ground level and
extends more than 1 starey baow such ground level ?
+ No
Is the baserment subdivided into fine compartments
not more than 600 2 in area by a fire separation
having a fire resistance rating not less than that @
required for the floar assambly immediately above
the basanent ?

LOAD BEARING CONSTRUCTION SAME RATING AS SUPPORTED CONSTRUCTION
(Artidle 3.1.7.6)

Are there any loadbearing walls, colurmns, ar arches| £,
in the starey immediately below a floar ar roof” ot apply)
assembly required to have a fire resistance rating ?

D

Fire-resistance rating of each =X?
Fire-resistance rating of the supparted > X>=Y7
ll\b

X¢

floor ar roof assembly = Y?

Isthel(_nd:wing_wd], colhumn, crgd’u No
SUpparting a service roamar a service space ? @'

CONDITION TO PERMIT HEAVY TIMBER ROOFS (Artide 3.2.2.13)
SPRINKLERS IN LIEU OF ROOF ASSEMBLY RATING (Artide 3.2.2.12)

Are the roof assermblies of | No

heavy timber construction ? @
4 Yes

Nurmber of stareys >2 ? Yo - CEaled)
+ No

Isthebuilcings;rinkle:re:d.vNo > @
JYes 3

Is the sprinkier electrically supervised to indicate a trouble | N,

signal on the building fire alam system anmmunciator ?
lY&

Does the operatian of the sprinkler system cause a sgnal to
be transmitted to the fire deparument ? b (——




5/ EXIT REQUIREMENTS

CUMULATIVE EXIT WIDTH (Article 3.4.3.3)
EXITS FROM INTERCONNECTED FLOOR SPACE (Article 3.4.3.4)

Do two or more exits in the
floor space converge?

- - No
I Is the width cumulauvc?J—v floor areas located one above

No Not Apply

Does the exit serve 2 or more

the other?

No

Is the exit a stair serving
an interconnected floor
space?

Yes

v
Do stairs provide not less
than 0.3 m2 of area of
treads and landings for each

Yes
y
Yes
Yes
< Yes

occupant of the interconnected)
floor space?

No

Are protected floor space
provided at each floor level
and provide not less than 0.5

<

LEAST DISTANCE BETWEEN EXITS

Is the floor area divided
by a fire separation?

LNO

m2 per occupant of the inter-
connected floor space?

Is it necessary W pass

No

:—————' through the fire separation |

Io travel from one exit to
another exit?

No Yes

Does the floor area &
have a public corvidor?

Is one hail the maximum

S S

is one half the maximum

Code requirement does
. not apply in this case

floor area dimension greater e ———’ floor area dimeasion greater -

than 9 m? than 9 m?
No =p Y5 No = ~p 1 C5
Is the distance between is the distance berween
two required exits at two required exits at Is the distance between

15 the distance between
two required exits at

least one half the
maximum diagonal

least one half’the

two reguired exits at

least 9 m? dimension of the floor
area?

No Yes No Yes
-~ ~ § o
FAIL PASS FAIL PASS

. ~—— S—

——

maximum diagonal 9m”
dimension of the tloor lcast 9 m?
area?
sy A~ N St
FAIL PASS FAIL PASS
N— S - — A ——— m——



HEADROOM CLEARANCE (Article 3.43.7)

How much headroom
clearance (mm) ?

114

v
Doorway

$

Headroom clearance
less than 2030 mm?

4No  Yes

v
Type of exit?
4
Stairway Others
v v
Headroom clearance Headroom clearance
less than 2050 mm? less than 2100 mm?
Yes No No Yes

Any device such as
door closers installed
as to reduce the
clearance to less than

1980 mm?
G ™
*
GRADIENTS IN HORIZONTAL EXITS (Article 3.4.6.9)
Horizontal exit is an
0 Exterior ramp
l Q@ Interior ramp
Gradient > —=| Occupancy
Lin 10 ogroup D
Qgroup F-3
Yes No
.
Gradient > | Cradient>
1in6? lin8?
No Yes No Yes




CLEAR WIDTHS ON HORIZONTAL EXITS (Article 3.4.6.9)

Clear width of exit

$

Tvpe of exit?
Vestibules, Stairs,
¢ enclosed balconices, ? steps
brid
Handrails are ricecs
provided ?
NOl Yes
- - A 4
Clear width is less Project into the clear
than that of the | No width more than 100
doorways opening mm ? -
into them ? -
Yes No Yes

NO PROJECTION INTO REQUIRED WIDTH OF EXITS (Article 3.4.3.6)

Does any fixture, turnstile,
construction project into
the required width of exit?

|

Project more than |¥€S| Handrails are provided? o
100 mm on each No }
side of exit width ? —*  Door tvpe
Yes [—-O Reg:ulgr
© Swinging -—l
When open, do they In their swinging, do
obstruct the required they reduce the
door width by over requireddoonwvidth to
50 mm for each door less than 750 mm ?
leaf ?
i) No Yes] [




MINIMUM NUMBEk OF EXITS (Article 3.42.1)
Nunmber of exits =7

>=2 o <2
v
o Nummber of storeys <2
le
No Total occupant load
+——— served by the exit
<=60°7
‘Yes
Cecupancy group
O D
1 —© F-3
v i
Area <=200 m2 - Area <=200 m2
Yes{ ¥ Yes
Travel distance <=25 No Travel distance <=15m
YesL Yes
—s(Passed)e————

DIRECTION OF OPENING OF EXIT DOORS (Article 3.4.6.11)

Does the doar open in the | vaq
direction of exit travel ?
o e

Does the exat door serve
No N

a single dwelling umit ?
L
EXIT DOOR TO OPEN ONTO LANDING (Artide 3.4.6.10)

Does the exit doar open Yes
directly onto a step ?
o
Is there danger of blockage| No Failed
fromice or snow ? _
le -2
Nurmber of steps =7 >= 150 mm
<2 Height of step ="




EXIT CAPACITY (Article 3.43.5)

Occupant load of
the floor space =L?
Total width of exits
forthis floorspace = W?
ITyp&sofen'tsinﬂieﬂoa'smoej
v
v v v v
Caomdor/ .
Passageway Doorway Ramp Stairs
Gradient of]
nore than
1in 87
. v No| | Yes
S T=6.1*L¢ T=92*L
| Addupall |
Ts = SUM
/\
Fud
LIMIT ON LOCATION OF SINGLE EXIT (Article 3.4.2.5)
Travel distance = TD?
i 3
Is the floor area sprinklered ?
No|]  [Yes
$ v
Qocupancy group No | served by a public corridor ?
—O D
-0 F-3 ¥ Yes
Storage garage yes Rooms and suites separated from
r° rest of floor area by fire separation ?
- =
D> > &S] Corridor width less than 9 m ?
¥ No
_»{TD>30m? 28] Ceiling height less than 4 m?
No
TD>40m?

’ID>4>m‘7 TD > 105Sm?
- e b B R
\ 4
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6 MEANS OF EGRESS
MEANS OF EGRESS FROM ROOF (Sentences 3.3.1.3.3), (5), & (6))

Ibdn’eamoﬂqaadaueq
Yes| | No - ‘
Is the roof top endosure provided Is the roof used ar iIntended
with fess than 2 means of egess 2 [€ for an oocupant load of more
‘ Y¢ No than 60 persans ?
Area>200m2 Isitpoviddwithaos o | | & |™®
Ye exits thet lead toan exat a
] the roof level artoanexitaon
(Pt ye— D] the serey immeciady bedow
CFailed) the roof ?
Sentence (6) Passed I\b‘Pi R
Sartenee (5) of egress >=27
Passed . -
Satence (3)
Sertence
ence
e ®

WIDTH OF DOOR LEAVES (Sentence 3.3.1.12.(1))
RESTRICTIONS ON SPECIAL DEVICES FOR LOCKING DOORS (Sentence 3.3.1.12.(2))

Does the door apeninto or' is it located |6,
within a public camdar or other facility
that provides acoess 1o exat froma suste?

¥ Yes :
[MNrrber of door lerves =D 7 22
ID=1 1 4
Width of the doar leaf <810 muf? Width of the narrowest
door leaf <610 mm??
Yes ibb T e

Are there lockang devices an doors
thet can be released either locally ol NS

' ¥ Yes
Axe!ledoaseg&&xsinmm No
10 exit serving a cantained use area or
anin‘pa:hd;?esm?

Yes

locally P . rerotely

v ‘

Are local locking devices operable by | | Are the contrals for remote release

a key frombath sides of the door ? of door locking devices located in

No Yes an areareadily available to secunty
1 pasamel ?

Faled Ye No

<> g o,

Are electrically release devices designed t
operate on e@mErRercy power and are also
manully apenable by secunity persannel ? Yes
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RESTRICTIONS OF OCCUPANCY IN UNDERGROUND WALKWAY

(Sentence 3.2.3.21. (1))

Is the underground walkway designed or used
for arty purpose other than pedestnian travel ?

INES

Is the other purpose acceptable to the authority

having junisdiction ? [ INO
- Yes
Is ary place in the walkway which contains an Mo
occuparcy sprinklered? Yos
EGRESS FROM SUITES (Article 3.3.1.5)
Max distance to nearest Qocupant load > 60?7 Yes
egressdoow\ay=D?_ lNo
Area of the roomor suite
=A? Qocupancy group
' -0 D
__O F3° ps

Does the room ar suite have 2 egress

doorways placed in such a mamner
that one doorway could provide egress
A=200 2,,1 Yes | ifthe other becomes inaccessible to
- the occuparts due to a fire which may No-
No originate in the room or suite ?

ZONE DIVISION OF FLOORS WITH BARRIER FREE ACCESS (Qause 3.3.1.7.(1b))

EXTERIOR EXIT (Qiause 3.3.1.7.(1d))

NNO
Is a barmer-free path of travel provided|
above or below the first storey of the
building ?

v Yes
Nurmber of zones into which the |[Z>=2

Is the building sprinklered ? 65— j
No

Can persons with physical

floor area 1s having a bamer-free|
path of travel, divided by fire
separations =27 ?

disabilities be accommodated
in each 20ne ?
v Yes

Does the floor area have an extenor
exit at ground level or a ramp leading

@._ﬁ to ground level ?
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NO MIRRORS ADJACENT TO EXITS (Artide 3.4.1.9)

EXIT SIGN REQUIREMENTS (Sentences 3.4.5.(1)&(2))

EXITS CLEARLY VISIBLE AT ALL TIMES (Sentence 3.4.2.5.(4))
EXIT DOORS CLEARLY IDENTIFIABLE (Sentence 3.4.6.10.(3))

‘The itemis chacked for

Exat signs Yes
O Exat visibility . - - >
O Exit d Are exit doors clearly identifiable?
O Mirrars near exits -»{ Are aty mirrars placed in ar adjacent LY&s )
10 any exit in such a marmer as to
canfuse the direction of exat ?

Are exits located and aranged
so that they are clearly visible LYes @
-»{ or their locations are clearly
indicated and acoessible at all {_No

times ? '@‘

Is an exit sign placed over or adjacent to every exit door other than the main

entrance to a roomar building ?

No Yes
Sentence 3.4.5.1.(1)

The exit serves The exat sign
© abuilding >2 stareys, O is visible fram the exit approach,
© a building having an cocupant load>150, or © has the ward EXIT or SORITIE displayed
O aroomor floor area that has a fire escape as in plain legible letters, and
part of a required means of egress ? 0O is illuminated contimuously while the
hnldmglsooctpai

Sentence 3.4.5.1.(2)

Intemally illuminated  Extemally illuminated
Does the exit sign consist of red letters Does the exit sign consist of white letters
on a contrasting, background with on a red background or red lettersan a
contrasting letters, with the letters nat white backgraund, with the letters not less
less than 114 mmhigh and having a 19 than 150 mmhigh and having a 19 mm
mm stroke ? stroke ?

No Yes @ Yes No
>@
Sentence 5.4.5.1.(3)

ACCESS TO EXIT FROM ROOFS, PODIUMS, ETC. (Sentence 3.3.1.3.(1))

X Yes
Is every podium, tarace, platform or cantained @
open space provided with an access to exat ? @,
No




MINIMUM WIDTH OF PUBLIC CORRIDOR (Sentence 3.3.1.9.(1))
MINIMUM WIDTH OF CORRIDOR USED BY THE PUBLIC (Sentence 3.3.1.9.(2))

The comdor 1s

——O a public comdor
| © a comidor used by public

Yes

Measured width of the|

corridor > 1100 mm ? 4—‘

XS robstructed wickh of
Noi the comidor > 1100 mam?

SEPARATION OF PUBLIC CORRIDORS (Article 3.3.1.49)

2

| requured to be more than 45 min 7|

Is the public comdor separated from
the remainder of the bualding by a fire
separaton ?
Yes | No
Fire resistance rating of '—j »| Is the comidor more than 5Sm
the fire separation =FRR? in unobstructed width ?
-O FRR>= lh yYes
O 0<=FRR<45 min [ Is the floor area sprinklered?
© 45min <<FRR < 1h Ye
Is the FRR of the floor asserrbly il

——#1 Is the floor area spnnklered ?

No

HEIGHT OF GUARDS - ROOFS, SHAFTS, RAISED FLOOR (Sentence 3.3.1.17 (1))

Is there a guard provided

O around each roof to which access i1s provided for other than maintenance,

O at operings into smoke shafts that are less than 1070mm above the floor, or

O at each raised floor, mezzanine, balcony, gallery and at other locations where
the difference in floor elevations is more than 600 mm?

le g

Is the guard less than 1070 mmhigh ?

D —
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7/ INTERIOR FINISH AND INSULATION PROTECTION

FLAME-SPREAD RATING OF INTERIOR FINISH (Sentences 3.1.13.2.(1)&(2))

—Ced

Flame-spread rating of the |[ESR<=25
intenarwall and ceiling
finishes (induding glazing| psR > 25
and skyligit) = FSR?

[1s the finish an a door?] Mo Gailed)

ﬁsunm;zixay?]k——o

¥ No

Is the doar located withan
adwdlirguﬁt? ‘

PROTECTION OF INSULATION INCLUDING FOAMED PLASTIC (Sentence 3.1.5.11.(4))
Is the building required to be of | No
non~combustible construction ?

> i
;Yes

Flame-spread rating of the comrbustible insulation on any exposed surface or any
surface that would be exposed by cutting through the meterial in @ty direcion (in
the intenor walls) = FSR?

¥

|25 <FsR<=500" Failed
I Yes
*—-——-{Ismeml@ggmmdaem}ﬁ—-—*

Is the building more than 18mhigh [No | [Isthe insulation protected from acjacent

or is it considered as a high building?
¥ Yes

Is the insulahon protected by a thermal
barmer cansisting of

O type X gypsum board not less than
15.9 mmthick confonming to CSA
AS82 27-M mechanically fastened to
a supporting assarbly independant
of the insulation and with all jaunts
ather backed or taped and filled,

nat less than 50 mmthick,

O loadbeanng masanry or conarete not
less than 75 mmtheck, or

O any thermal bamier that, when tested
in confamence with CANULC-SO0I
-M will not develop an average tan-
peranre nse of more than 140 Cor a
MExium temperahure nise at aty
paint of nore than 180 Caon its un-
exposed face within 20 min. and will
rermain in place for not less than 40
minutes ?

O non-loadbeanng masanry or aoncrete

space in the building other than adyacent
concealed spaces within attic or roof
spaces by a thermal barmier aonsisting of
Onot less than 12 7 mm thick gypsusm board
mechanically fastened to a supporting
asserrbly independent of the insulation,
O lath and plaster, mechanically fastened 10
a supporting assexmbly independent of the
insulation,
Omasonry,
O ooncrete, or
Oany thermal bamer that meets the requs-
rarents of classificahon B when tested
in conformance with CANG-S124-M

[ No Yes
=0
Yes
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PROTECTION OF FOAMED PLASTIC INSULATION (Article 3.1.4.2)

Avre there foamed plastics which foormpart of a wall | No
or ceiling assermmbly in combustible construction ?

IYes

Are the foarmed plastics protected

QO fromadjacent spaces in the building,
(other than adjacent concealed spaces
within attic or roof spaces, craw
spaces and wall asserrblies)

O by sheet metal mechamically fastened
to the supporting assernmbly independent
of the insulaton, not less than 0.38 mm | No @.
thick and with a melting point not below =
650 C,

O by a thermal barmier consisting of at least
12.7 mmthick gypsum board mecharni- s @
cally fastened to a supporting asserrbly
independent of the insulation,

O masomy,

O concrete, or

O any other thenmal barner that meets the
requirenrerts of classification B when
tested in conformance with CANG-S124
-M?

PROTECTION OF FOAMED PLASTIC FACTORY PANELS (Sentence 3.1.5.11.(6))

Do the foamed plastics form part a factory-assermbled

exterior wall panel that does not incorporate an air No
space in a building required to be of non-combustible

construction ?

lYes
foarmed plastic insulation > 500 ?

IN’o
Is the foarmed plastic protected on both sides by
sheet steel at least 0.38 mm thick which will No

rermain in place for at least 10 min. when the 4 CFailed)
wall panel is tested in conformance with CAN

ULC-S101-M?
l Yes
Yes

Is the height of the building (measured between grade
and the floor level of the upper-nost storey) > 18 m? [NO
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8/ STORAGE AND REPAIR GARAGES
VESTIBULES TO STAIRS IN GARAGES (Sentences 33.5.5.(1) & 33.5.8.3))

Is an acoess provided fram the starage garage
10 a stair tower ar devatar serving coaEncics No '
above the level of the siarage garage ?

Senternce 3.3.5.5.(1)
LYCS
Ilsmmm@amwclﬁb Failed
v Yes
Tthe vestibule o
O is nct less than 1.8m long, Yes

O is manurally vatilaed 1o outside air by a verxt that has an unobstructed
area of not less than 0.1 m2 far each door that opens into the vestibule
but not less than 0.4 m2 ar is mechanically ventilaedat a rate of 14 @

m3/h for each square meter of vestibule floor surface area, and
© has the openings between the vestibule and an adjoining occupancy
provided with self-closing doars having no hold-open devices ?

CLEAR HEIGHT IN A STORAGE GARAGE (Sentence 33.5.5.(5))

[s measured dear height in es Passeg

the starage garage >=2m? No

¢

GARAGE STAIRS KEPT FREE OF ICE AND SNOW (Sentence 33.5.5.(2))

"Are treads and landings in intericr stairs that extend (&S
to the roof of the starage garage designed to be free No
of accumulations of ice and snow ?

7
*
Ll

Failed
VENTILATION FOR GARAGES (Sentence 3.3.5.5.(4))
Is the garage provided with nanral ar mechanical Yes @
vertilation to prevent excessive acaumulatian of No o
carbon monoxide, exhaust fumes ar flammable Failed
and toxac vapour ?
SPRINKLERING FOR GARAGES (Sentence 33.5.5.(8))
Is the starage garage ar repair garage locaed in | No

starey below grade ?

l Yo Yes /@

Is the starey of the garage is sprinklered ?
No Crailed)

SEPARATION OF GARAGES (Articles 3.3.5.6 & 33.5.7)

Is the garage separated from other | No @
occuparcies by a fire-separation ? T L 3 =
NO

FYes s - Iy-é"
Itis O astorage garage—— Fire resistance g >=1 Sh2}y.
© a repuir garage———{ Fire resistance ratine >2h7 |
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9/ EMERGENCY LIGHTING

MINIMUM LIGHTING LEVELS IN CORRIDORS AND EXITS (Article 3.2.7.1)

The space to be inspected is
O anexit,
0O a public camidor, or

0 a comidor providing access to exit for the public ?

No

1Yes

level where there are stairs or ranps ?

Is the space equipped to provide illumination to an [ Yes
average level of not less than 50lux at floor or read
level and at angles and intersections at changes of No

90 [

PROVISIONS OF EMERGENCY LIGHTING (Artidle 3.2.7.4)

[s an emergency power supply provided to

No

mairtain the required emergency lighting
froma power source such as batteries or
generators ?

1Y&s

3

Tthe power source

buldings?

© will continue to supply power in the evert that the regular Do
power supply to the building is intemupted, and

O is so designed and installed that upon failure of the regular
power it will assurre the electrical load automatically for a
period of 2 hours far high buildings or 30 miruges for other | _Yes I@

EMERGENCY LIGHTING FOR CORRIDORS (Artide 3.2.7.3)

The space is
O anextt,

O a comdor used by the pubilic,
O an underground walkway, or
O a public carridor ?

O a pnncpal routes providing access to exits in an open floor area, [ INg

1Yes

Yes

Is the space provided with an average level

of emergency lighting less than 10 lux at
floor or tread level ?

00 §
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10. STAIR REGUIREMENTS

SLIP-RESISTANT FINISH ON TREADS & LANDINGS
EXTERIOR STAIRS OVER 10M FREE OF ICE (Artide 3.4.6.1)

No

stair designed to be free
of ice and snow acau-
mulabons ?

Type of stair :
O Exteriar stair44 |5 the stair accessible] Y& Do the landings and treads of the
O Interior Stair—+8{ 1o the public ? h stair have a slip-resistant fimsh ?
© Ranp Yes + No
Are the landings and treads of the
Is the ramp accessible No L No| | stair provided with slip-resistant
to the public? I strips ‘which extend not more than
Tves Lrm above the surface of the tread
Docs the ramp have Yes and landing ?
a slip-resistant finish ? v ¢ Yes
Tro Is the exterior stair
s the provided with e mre than 10m high?
slip-resistant strips which | _Yes
extend not more than lmm No Are the treads and
above the surface of the ranp? Yes| landings of the eueriar

HANDRAIL REQUIREMENTS FOR STAIRS & RAMPS (Artide 3.4.6.4)

Handrail height
STAIRS

Handrail hcight measured

N£ vertically froma line drawn

through the outside edges of
the stais nosing  >= 920 mm?

Yes

RAMPS

Handrail height measured
vertically fram the surface
of the ramp >= 800 nmm?

requirarernts ?

Is the handrail additional to
# handrails having passed the

No Yes

e,

W HOORI

v

Handrail requiraments

Width of the ramp/stairway = W?

y

The exit rammp ar stairway has
o ahandrail on ane side
W>=§100mm

W= 1 H00nen

WElXne handrails an both sides

p—

—~0 no handrail

- |

Yes|

© there is no obstrucon on ar above therm

which will break a hand hold.

© a lenst ane handrail is continuos throughat

the length of the stairvwan:. including Landlings.
except where interupted by doorvwans or
nevels & changes in direcion,

© handiails are terminased in a manner wisich

will not obstnuct pedestrian ttanel or este
a hazad,

O a least one hardkail & the side of a tAarvay

or ramp eNtendds horizonally not less than )
300 mm bevand the top and botam of the:

© adearance of ot less than J0mmis provided

between every handrail and amv wall 1o which
itis fastened ?
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LANDINGS AND MAXIMUM VERTICAL RISE OF STAIR FLIGHTS (Artide 3.4.63)
The item is cheackeed for

© Qearances an doar leading anto ranps
Levd area an ramp beside doorway

Docs the doorway or sStairway cvpty’
through an end wall onto a raarp ?

Does the doonway or starway arnpty’

o
onto a ramp through a side wall ? Yo

Width of the starweay = Ws ?
Length of the landing =11 ? |
Width of the landing =W ?

L INO

Yes

Is there a level area extending across
the full width of the ramp and along,

Yes

its lenpth for not less than 900 min ?

No

apply,

Yes

Is there a level area extending across
the fill width of the ramp. and fora

Faled

distance of 300 nm on either side of
|_the wajl] cpenyng ?

L >=Ws 2 | X5

and

W >=Ws 2 Np

0

\ertical nise of a flight of the stair measured between floors and landings <=3.7m ?

CURVED STAIR REQUIREMENTS (Artides 3.4.6.8 & 33.1.15)

Is the cuned stair
used as an exat ? R>= 150nm Yes
Yes| ¥ No and
Mn nn of trends of the anved stair =R ? AR>=200mm
Mn avernge nn of reads of the stair = AR ? and
< Rise i 125memee= RT<=200mim|] No
Run of treads of the star exclusive of nosings =RT ? RT > 240 ey’
Rise between successive treads =R? arz:l o h3
Run of the treexds which are nmeasured 230mm 125 — R<= 200 o
away fram the handrail & the narow end of > ¢:: ’ l@
the tread =T? <= T <=355mm ?
Measured width of the anrved stair —wo| [P0 o N
Inside radius of the arved star =IR? ‘;-Y?s -
© has a handrail an each side.
© has treads and nsers with uniform run and rise in am ane fight. and

o) dnsmdtsd;giﬁmlyhnnadds:mm\cﬂigés?

No

SMOKE TIGHTNESS OF SCISSOR STAIRS (Sentence 3.4.4.4.(2))

Are the sassar exit stairs scparated fram each
other by a smoke-tight by a fire separation ?

No

Faled

¥ &S

Is the fire-resistance rating of the fire separaion
greater then that requined far the floar assebly
through which the scissar stairs pass ?

No

Yes

(s
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GUARD REQUIREMENTS FOR STAIR RAMFPS AND PASSAGEWAYS (Article 3.4.6.5)

o G
1 © Guard haight

[ Pratection of windows 1n exit stairway's
ll—>

| Is there a window which extends 10 less then 1070 mm abowve the landing of the stairway ?

Y
I the window protected by a barrier or railing? — No

D

Is the barrier or railing located approximately [0

" 1070 mm above the landing ? Yes
The haight of guard on the exit ramp

and their landings measured vertically p| >= 1070 oom?

Ys ¢

to the top of the guard fram the ramp

| Ranps
surface
IISta:nmys/ Is the stair an exterior stair and landings
Passageways

nmore than lOmd)ow:a:ljaﬂtgcu)dlevd?

Yes

Failed

e

Height of guard on the exit stair measured
vertically to the top of the guard fram the
surface of the landings = HI1 ?

Height of guard on the exdt stair measured
vertically to the top of the guard froma line
drawn through the autline edges of the stair

nosug=l—£2?

No
Ye

Hil >= 1070n0m?
ad
H2 >= 1500mmm ?

Yes

"] a well-seared guard on each side ?

Does the exit ranyp, stairway ar passageway have a wall or

No
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11/ SERVICE FACILITIES

SEPARATION OF GENERAL SERVICE ROOMS
(Sentences 3.52.1.3) & 3.52.2.(3))

Is the floor area containing | Yes .Passed
a service roam sprinklered? i -
+No
Is the room separated from the remainder of the Yes
building by a fire separation having a fire resistance

rating of notlessthan 1 h?
+No
Does the room contain a limited quantity of service Failed
equipment, and the service equipment does not Yes
canstitute a fire hazard ? »@

NO HAZARDOUS SERVICE ROOMS UNDER EXITS (Article 3.52.4)

o o ~
=D

y Yes Yes
Does the service room contain service
equipment subject to positive explosion? No Failed
SEPARATION OF SERVICE ROOMS WITH INCINERATORS (Article 3.52.6)
Is the service room contain an | No
v Yes
Is the service room separated from the remainder
of the building by a fire separation having a fire _N.‘Lﬁ Failed
resistance rating of at least 2 h ?
v Yes Yes
Does the service room contain any other fuel-
fire appliances ? No

SEPARATION OF ROOM FOR TEMPORARY STORAGE (Article 3.5.2.7)
Is the room used for temporary storage of com- | No '@@
bustible refuse such as garbage or waste paper ?

v Yes
Is the room separated from the remainder of

the building by a fire separation with a fire No Failed
resistance rating of at least 1 h ?
}Yes No

Is the room sprinklered ? :

Yes




FUEL-FIRED APPLIANCES IN SERVICE ROOMS (Artide 3.5.2.1)
NO FUEL-FIRED APPLIANCES IN EXITS OR CORRIDORS (Sentence 3.4.4.4.(4))
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¥YNo

Is ary solid fuel-fired appliance located in a repair garage,
a storage gamge or any other locatian where the appliance

No

could be to flamymble ?
Yes

Is the solid fuel-fired appliance endosed in a service room which is

O scparated from the ramainder of the building by a fire separation
having fire resistance rating of ot lessthan 1 h, and

(~d smlaiwﬂ'xcurhmmardtmlyﬁunalsd‘:ﬂcbtﬂchg

v Yes

No

Is the heat generated by the appliance supplied ndirectly
to the space served by means of dixts arpipng ?

Yes

Are the fid-fired applianass located 1 a service roomsoparated |IND
from the ramainder of the building by a fire scparation ? ;
yYes Arc the fud-fired
I the fire res stance rating of the Arej e | appliances roof-top
separation less than L h? Setence 3.5.2.1.(1) appliances ?

;Ys
Sentence 3.5.2.1.(1)

Seatence 352 1.(2)

Sentence 3.44.4.(49)

Are fud-fired appliances located
in exits or comidors ?

GaDe—N

O Fire separation

The item is checked for

QO Protection of electncal equuipnent vaultsd
Vemlation

Sprinklenng
Licuud tightness of floor

D:esdcvalllmﬂancicla:no-
{ icrad filled clectnical ]
Yes
verts or other protective measures
provided for the electrical equupment

vault ?
Ysl

No

ELECTRICAL EQUIPMENT VAULTS (Artide 3.52.9)

1‘ Is the electrical eqrupment vault
separated from the remainder of

building by a fire separation of
solid mesorwy or concrete cons-

truction ?

_yyes

Is the vault provided with ao-
matic fire extinguishing systerm /)

No

_ g

Faied

Does the fire separation have (1
a fire resistanoe rating >2h?

Yes

Does the fire separation have
a fire resistanve rating >==3h?

e T

Is the floor of vault liquid tight and surTounded

No

by liquid tight wwalls and sills of sufficient
height 10 confine within the vault all of the hiquud

¥ —> il
&I Serterce (4)

Yes

from the largest item of electrical equeprrert ?

prm—

Measwured height of the sill
of the floor >= 100 nun ?

=D

Is the electnical equipmernt vault provided with Do @
a\uﬁlﬂxms}mmu}pﬂmﬂt Is the vault vertilation system ‘M
amrbert temperature in the vault from separated fromthe svstem for the Serterces (5)&(6)
0C? Yes | renminder of the building_ and
designedso that it ;sammdh.lf?_.@
—#{ Is the clecirical equiprment vault sprinklered ? | st offin the event of a fire in

| Yes

g)

Jﬁj®

Is the vault designed for no parpose other than to cortain the electrical equpmernt. and
[s a smoke detector provided in the vault which will actuate the building fire alarm

svstemin the evert of a fire in the vault ?

Sergerce (2)

No




SEPARATION OF VERTICAL SERVICE SPACES (Sentence 3.53.1.(1))

SEPARATION OF SHAFTS WITH FIRE FIGHTERS ELEVATORS (Sentence 3.53.1.(2)
Is the vortical sarvioe space scparated frameadh | No
adjacat flaar area by a fire separation? ’

yyes

Does the vatida service space cantain an deva

tor far use by fire fi ?
rYes

l Fire resistance rating <45 min ﬂ.&.. Is thare a floar asserrbly

above the floar area ? &l
!Ys [

Fire resistance rating less than that = @'
recpared far the floor area below ?

Yes

Fire resistance rating less than thatj—~————
requared far the floor area above ? |

—J The space is
a vertical service space
O a devatar shaft

\atcal service space

Fire resistance | | Fire resistance rating for the floor

rating =FRR? asservbly above the floor area =
— O 45min ® FRR>=45min?

Olh FRR><45min.? |Yes
O 15Ir FRR><=l1hr?
O 2hr

Fire resistance FRR><=1hr"
| rating=FRR?| | © 3 & FRR>=1.Shr? No; Gailed
v

—HElevator shaft

Fire resistance rating for the floar

assambly above the floor area =

O <45min FRR>=A45min ?

O 45Smin FRR>=45min 2|2

O lhr # FRR>=45min?

O 15hr FRR><1hr?

O 2hr FRR>=1.5hr? | Yes

O 3hr FRR><2hr-?

SEPARATION AT TOP OF VERTICAL SERVICE SPACE (Sentence 3.53.1.(3)

Does the versical service space extend Yes

through the roof of the building ? Qo appiy
Mo Yes «

Is it enclosed at the top with construction having a fire resistance No L aASSG

Lraing of at least that ired for service wall ? Grailed

SEPARATION AT BOTTOM OF VERTICAL SERVICE SPACE (Sentence 3.53.1.(4)

Does the versical sarvice space edend| Yes
1o the botamof the building ? T s

;

Yes
Is it enclosed within the building with construction having a fire [ Passy)
resistance rating of &t least that required far service space wall 2 | Faled
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12/ HIGH BUILDING REQUIREMENTS

SMOKE CONTROL SYSTEM IN HIGH BUILDINGS
SMOKE LIMITS IN UPPER STOREYS

SMOKE LIMITS IN EXIT STAIRS

AREAS OF REFUGES (Articles 3.2.6.1 - 3.2.6.3)

Is the building height measurod between grade] Yes N e N - 5

s - 2 o Is thebuilding designed so that during the period
and the floor level of the top storey > 36 m? o 2 h after the start of a fire all f] i
arc above the lowest eat storey will not contain

ITsthcmi]ding>l&nhigh'.’ Do ot apply rmore than | per cent by volume of contaminated
{ébl air from the fire floor ?
No N* Yes

Total oocupant load on or above cach storey above grade =L Yes —i- -
Measured width of all exit stairs at that storey = W ————{ Is the building sprinklered -2t
L/(1.8%W) > 300 ? Yes

[smﬁma}'sa\ﬁgsaeysamutlm‘_ﬁ Is the sprinkier svstermn equipped with a watexrflow

exit level ventad to the outdoaors & or near the and supervisory Signal svstamn that will
Lbottom of the stair shaft 2 © rmsmit ascmatically a walerflow signal directly to

*\g umc_ﬁrcdqunn.ordnmghmimcpmchum
station.

Are measures taken 1o limit movernent of smoke
frorm a fire in a floor area below the level exit
starey Mo upper siareys ?

yYs
Are the air moving fans designed so that in the
event of a fire they can be stopped by means of
a manually operated switch at the oentral alam

and control facility where the system serves > 2 lyeo
storevs ? _——-@;

10 transmit atomatically other supervisory signals to a
proprietary control aenter or to an independent central
station. and

© actuate a signal a the central alarm and control facility

Do accupants above the 1st storey can enter and be safely acoommodated in floor areas
ar past of floor areas that
O are designated as areas of refuge on the plans and are identified as such in the building,
©O are located on every fifth storey,
provide not less than 0.5 m2 of floar space per ambulatory oocupant and 1.5 m2 of floar
space per non-arbul atory aocupant. PUN—
O have access aaxridors and doors leading to each designated part of a floor area on the same
storey sufficient to provide 3.67 mm of width for every person who may have to use these
passages 1o reach the designated part of a floor area,
have access stairs fram intervening storeys leading to each designatexd part sufficient to
provide 5.5 mm of width for every person who may have to use these stair to reach the
designated part of floor area. and
O during a period of 2 h after the start of a fire. the designated area does not contain move
than | % by volume of contamnated air ?

.
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ELEVATOR FOR USE BY FIRE FIGHTERS (Article 3.2.6.9)

| Number of elevatars provided for use by fire fighters = N7'|~N<] Failed
Nl 1 A2 00

[Usmblcplafmnarmofthcdcvaa—A”
g A>=22mR

Is the elevator capable of carrying a load of 900 kg fram a street | ND >

floor landing to the top floor that it serves in 1 min. ?
v Yo

Is the elevator provided with a closure at each shaft opening so that the interiock

mechanism and associated wiring is operational for a period of not less than 1h [ No ___}

when the assembly is subject to the standard fire exposure described in CANG-

S104-M?
=

Is the elevatar protected with a vestibule containing no occupancy and separated | wy,
by the rermainder of the floor area by a fire separation with a fire resistance rating
of >=45min. ?

v Yo
Is the elevator pratected by a carridor containing no occupancy and separated
ﬁuntherarmmbofﬂcbmldmgtyaﬁmsqnanmtnwrgaﬁmmm o
rannaof>-= 1h?

LYes

Is the elevatar capable of providing transportation fram the street floor to every
floor normrally served by the elevator system that is above grade in the building?

¢ Yes Nod
Are electrical conductars for the operation Qo __} Is the systermn designed so that more than
of the devaiar installed in service spaces one change of elevaar is required when
that do not contain caombustible material ? [ | travelling froma street floor to any other
chs floor in the building ?
Are the condhuctors protected against exposure —N?J

to fire from the service entrance of the emer- |0
gency power supply, ar the nonmal service

supply to the equipment served, to ensure ope-
ration for a period of 1h? Yes > Fassd)

MANDATORY SPRINKILERING OF DEFINED SPACES (Article 3.2.6.11)

Yes

| Is the area sprinklered ?} ’@

v No

» No
| Is the floor area > 1000 m2 ? |-

v_Yes l
Is the floor area Is the starey a part thereof
divided into fire compartments <= 1000 m2, Yes | intended for the storage or
separated from the remainder of the floor arca handling of hazardous
by fire separation having a fire resistance rating substances ?
of nat less than 1h? Yes No

No
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CENTRAL ALARM AND CONTROL FACILITY REQUIREMENTS (Article 3.2.6.12)

Arc acmtral alarm axd control facihity. on the strect
arance floar. provaded
O m alocaion that is readily accessible to fire fighters No
Q that takes into account the effoct of background noise
likely to oo under fire anergency' conditions. so
that the Caclity' can property perform its requured
fimctuon under such conditions ?

TYS

Do the central alam and cantrol facility include

means to cantrol the vaice commmication svstamn. and provisians 1o enable nessages

to be scrt o all loudspeakers simultansoushy and 1o individiual floor arcas and exit stairwells,

means to indicate ardibly and visually' alert signals and alam signals and a swach © _L.@
- stlence the axdible portion of these signals. and ‘
- indicate visually' that the audible partion has been silenced.

means to indicate visually tha devaiars are on eneygency recall.

an anmEsalar in close proxirmity' to a building entrance that faces a street or an acoess route

for fire deparament wehicles. ) ) lyes @

oo

OOE (0] ¢)
|
i
|
|
a
F

anilisry equupment cantrol center ?

VOICE COMMUNICATION SYSTEMS (Artides 3.2.6.13 - 3.2.4.22)

Is the builds T with & volos comTCation svsterm J Pl gt of building > 36 rip2ePassd
Yes Yes
Is there a 2-wav commmunication systam in each floor area.
with connextions to the cersral alanmm and control facility
and 1o the mechanical control center ?
Yes

Are loudspeakers operated fram the oontral alanm and control hNo

No

facility which are designed and located so as to be axdlible in TSt @ Single Stage or tv
all parts of the building ? (exoept elevatior cars)
— Doesit i isions for silenci
Does it include provisions for silencing the it include provisions for silencing
alarmsignal when voice messages are being alamsignal and alert signal when voice
transmitted. but only after the alam signal messages are being transritted. but ondy
has sounded for | minute ? aﬁ.a'tl'l:alamsgnaltmsa.nhdfcrl
l Yoy 33

Is the system designed so that voice instructions d
can be tansmitied selectively 1o any zone while al
maintaining an alert signal or alarm signal to the 4
other zones in the building ?

Is the svstemn instajied so the amergency telephanes
are located in each floar area near exit Stair shafts 2 L@

PROTECTION OF ELECTRICAL CONDUCTORS (Article 3.2.6.14)

Are the electrical conductors (used in comection with the fire Are the cortrol alarm and control faclity and the
alarm sy siem and emergency’ equiprent) installed in service |5 fire alarm control unit in different fire

smscauaixﬁr)gcarhm"ble%::ial? ‘Yes o
separated fiom the ramainder of the space by a fire separation g:rmi!mfa-:xo;niodo?;lh? ‘@
with fire resistance raing >= 1h. and

against fire exposure from the source of povver supply Yes Yes ll\b
1o the byanch dirauits serving the equipment 1o ensire continued
cperation for a period of not less than 1 h ?
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13/ MISCELLANEOUS REQUIREMENTS
MEZZANINE EGRESS REQUIREMENTS (Article 32.8.1)

Do the portions of a floor arca or mezzanine that do not terminate a an exterior wall.
have a fire wall or a vertical shaft which tenminates & a vertical fire separation ?

‘Ys

Docs the fire scparation have a firc
resistance rating of at least that
required for the floor assembiy ?

lNo
Lb‘—-—b[mmof thcrmmnim>500mZ‘ﬂ&
¥ No

-

Yes
Does the fire scparation extend

from the floor assembly to the No

Does the mezzanine have an aggregate
area of more than 40 %of the storey in
which it is located ?

I

underside of the floor or roof
assemmbiv above ?

Yes

No | (except open blockshelves) more than 1070 | Yeg

¥ No
Is the mezzanine subdivided by partitions e
or walls where the mezzanine is more than _csd
10 % of the area of the storey in which it is
locaed ?

v No
Does the mezzamine have visual obstructions

nan above the floor where the mezzanine 1s
more than 10 %of the area of the storev in
which 1t is located ?

DOOR OPENING PROTECTION (Artide 3.2.8.4)
INTERCONNECTED FLOOR SPACE REQUIRING
BUILDING TO BE SPRINKLERED (Article 3.2.8.6)

ho Is the building contain an intercamected Fﬁ'—. The item is checked for
floor space ? w‘) Door opeing protectian
— - 1 No .’—
IIS“WMM‘ ] Is an exit opening into the | No
¥ Yes intercormected floor space?
Does the operatian of water- CFalaD ¥ Yes :
flow detecting devices for the Is the exit pratected at each floor
sprinkler systemcascasignal (N0 T NO L jevel in the imterconnected floor
departiment ? A least 1.8 m?
yYes § Yes
Is the sprinkier system electrically fbﬂ Are the vestibules
supervised ? separaed from the remeainder of the
floor area by a fire separation which is nat
@ required to have a fire resistance rating. and
desy; to lurst the of smole ?
UNDERGROUND WALKWAY NONCOMBUSTIBLE FINISHES (Article 3.1.13.9)

SMOKE BARRIER DOORS IN UNDERGROUND WALKWAYS (Article 3.23.21)

in underground wallowans ?

Are the doars installed & intenvals ﬁ Are the intenior wall and
of not more than 100m ? ceiling fimshes of the under-

¥ No ground wallowwan of non-

No
No
é lsdeua\eldsamﬁum!c(htrofamna'm‘_—"
@mmdtmtunamwﬂemmy L g
= E==D
e

more than 1.5 tmes the

for am of the adjacert cocupanaes ?

cambustible nutenal ?
No

least allovable uavel distance




