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1 INTRODUCTION

This chapter introduces an integrated system with CAD for the automation of the
housing development permit approval process and illustrates the basic approach used
to achieve the objectives. The chapter outlines the motivation, the research objectives,
the methodology, and the organization of the report, as well as provides a reading

guide for the thesis.

1.1 Motivation

The residential construction industry is a significant contributor to Canada’s economy.
New home building, residential renovations, and other housing construction spending
in 1998 exceeded 5% of Canada’s GDP. All three components of residential
construction investment-- new housing, renovations and acquisition costs-- have
shown healthy gains; according to a recent Statistics Canada report, spending totaled $
17.6 billion in the third quarter of 2003, an 11.1% jump from the third quarter of 2002.
New home construction reached $9 billion in the third quarter of 2003, up 8.6% from
the third quarter of 2002. Single-family dwellings contributed the most to this
increase, growing 5.9% to just over $6 billion (On-Site Canada's Construction
Magazine 2004). In Alberta, investment in residential construction increased by 4.8
percent to $ 2.083 billion between the third quarters of 2002 and 2003. In 2003, the
City of Edmonton issued 6592 building permits with a value of over $693 millions as
listed in Table 1-1 and illustrated in Figure 1-2 respectively.

The shortcomings of the current development permit approval process includes the
residential industry’s dependence on an individual’s abilities to interpret the city
bylaws and building codes, and to design a code compliance drawing, makes it error-
prone, and time-consuming process. The number of city bylaws exceeds several
hundred, and the architect has to memorize all the laws or manually look into the most
updated versions of the bylaws and the building code provisions. The designed model

together with the development/building permit application form is submitted in paper

1
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form to the city office for approval. Despite the ever-growing technologies, the

industry continues to exchange paper-based documents.

Single family Dwellng | 3,653 334,201,100
Semi Detached Dwelling 385 56,645,600
Duplex 0 0

Row Housing 232 64,712,900
Apartments 75 205,040,800
Alteration & Repairs 2,247 32,747,200
Total 6,592 693,347,600

Planning and Development Office, the City of Edmonton

Residential Building Permits issued in 2003

@Single family Dweling
ElSemi Detached Dwelling
?D Duplex

ll'.:l Row Housing

!I Apartments

;fAlteration & Repairs

°0% 6%

Figure 1-1: Residential Building Permits Issued in 2003

2
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Value of Residentail Building Permits issued in 2003

% 5% Single family Dwelling

B Semi Detached Dwelling
48% | ODuplex

O Row Housing

B Apartments

Bl Alteration & Repairs

, 9% 0% 8%
{

T

Figure 1-2: The Value of Residential Building Permits Issued in 2003

The approving authorities come across the same procedure as the architect did for
discovering the laws that are applicable to the project. The wrong interpretation or
omission of these bylaws leads to delay of the development/building permit approval
process and cost over runs. Table 1-2 shows the number of non-compliant application

sent to the appeal board in the last five years.

2003 408 14,353 2.8%
2002 380 15,415 2.5%
2001 404 13,708 2.9%
2000 480 11,979 4.0%
1999 470 11,555 4.1%

Planning and Development Office, the City of Edmonton

The changes requested by clients to the approved design to meet their family
requirements at the sales office are evaluated for their compliance to city bylaws and

building code provisions, as well as their effect on the cost and the schedule of the

3
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project. The requested changes are communicated to the architect’s office, which
generally take 4-6 weeks. Due to the current complex practices of building permit
approval process and the communication gap between the sales representative and the
Architect/Engineer (A/E); builders are reluctant to allow the prospective homeowners

to propose changes to the approved design.

To reduce the processing time for the development permit approval process and to
provide sales representative with a tool to evaluate the client’s changes with respect to
city bylaws and the need for utilization of advanced computer techniques cannot be
ignored. Despite the usefulness of advanced techniques, the housing industry remains
slow in adapting these techniques. Computer-aided design in architectural practice is
still in its infancy and has not yet made a significant impact. Although Knowledge
Based Systems (KBS) are capable of automatically checking drawings, these drawing
are stilled checked manually between the A/E, the approving authorities and the sales
representative. The need to develop an efficient system capable of providing a better
CAD environment for drafting, automatically checking drawings with respect to city
bylaws and utilizing an automatic checking system by the A/E, the approving
authorities and the sales representative for their respective uses is evident and cannot
be ignored. The primary advantage of such a system lies in the automatic checking of
drawings, storage of the drawing data in a database, accessibility of the drawings data
and sharing the checking module between the A/E, the approving authorities and the
sales representative. Current system for the automatic checking of building drawings
lacks storage capability for the building data in a database and do not provide users

with an automated system for the drafting and sharing of the building information.

This research presents a methodology for the development of a integrated system with
CAD (ISCAD), which is shared by the A/E, the approving authorities and the sales
representative at various stages in the housing project. The methodology integrates
CAD with databases, and automates the current practices in the housing project,

leading to more efficient communication and lower cost in housing projects. The

4
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proposed methodology has been implemented into a computer prototype system. The
developed prototype system consists of two central databases (the building
information database and the city bylaws database), the automatic checking module,
the information-processing module and integrated building codes assistance module.
Visual Basic for Application in AutoCAD is used for the design of the interface while
the integration of CAD with the database is established by using Data Access Objects
(DAO). Case examples are presented to demonstrate the effectiveness of the various

components of the proposed methodology.

1.2 Research Objectives

The framework of this methodology is based on the concept of information-based
systems and data sharing supported by a relational database. The proposed
methodology not only automates the process but also aims to reduce the informational
gap between project participants in the housing industry. The main objectives of this
study are the following:

e To propose a methodology for the development of a central repository (IP
module and central databases) that can be shared by the participants in the
housing industry, i.e. the A/E, the approving authorities and the sales
representative for their respective uses.

e  To create an intelligent design environment for A/Es integrating CAD with
databases.

e To automate the preliminary drafting process in compliance with the city
bylaw.

To implement the developed methodology in a “proof of concept” prototype

computer system.

1.3 Methodology used to Achieve the Research Objectives

The implementation of the proposed methodology of this research involves four steps

as illustrated in Figure 1-3.

5
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Step 1 - Analysis of Current Practices: This focuses on the current practices for the
development/building permit approval process; the drafting procedures and
information flow between project participants. The analysis is conducted by holding a
number of meetings with the participants in the housing industry, i.e. the sales
representative, the draftsman and the approving authorities at the city office. Existing
redundancies and non-value added activities in the current process were also
identified. Knowledge acquisition was achieved through structured interviews with the
approving authorities at the Land Development department of the City of Edmonton to
understand the current development permits approval process and to interpret the city
bylaws applicable to residential buildings. The main focus was on the interpretation
of provisions in city bylaw #12800, which is applicable to single story detached
residential houses and to understanding the “National Housing Code of Canada 1998
and Hlustrated Guide” (NRCC, 1998) which outlines the minimum requirements for
the design of building code compliance drawing. Bylaw # 12800 lists the regulations,
schedules, and site-specific development control provisions applicable in the City of

Edmonton.

Step 2 - Study Phase: This phase focuses on the literature review of the latest
developments in the field of automation of CAD, the automated code checking

system, integration of CAD with external databases and product modeling.

Step 3 - Implementation: The proposed methodology has been implemented in the
AutoCAD environment. Visual basic for application was used to develop the interface
in the CAD environment. The databases were developed using Microsoft Access, and

the integration of CAD with external databases was established through data access

objects (DAO).

6
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Case Applications

Verification of prototype
with case examples

Implementation

| Development of automation module
2 Development of database

3 Devclopment of knowledge base
information processing (KBIP) module
4 Development of data flow module

representative , supervisor,
draftsman, development officer Study Phase

and building codes officer 1 State of the art literature

2 Knowledge acquisition for knowledge basc
o Interview

e City bylaws

e Building Code

Software and Hardware Requirements

*AutoCAD 2002

* Microsoft Access database

¢ Visual basic application

* Data access application (DAQ)

Figure 1-3: Research Plan

Step 4 - Case Applications: The final stage involves the application of the proposed
strategy in case examples. The case-based approach allows for the validation and
evaluation of the proposed methodology and demonstrates the main features of the

developed prototype.

1.4 Thesis Organization
Chapter 1 (Introduction) introduces the thesis by describing its general context (the
importance of the residential industry) and the problem addressed (the development
/building permit approval process, process for evaluating changes at the sales
office). The chapter also discusses the objectives of the research, and the
development of the proposed methodology. Chapter 2 (Literature Review) includes
review of the state of the art literature, the current practices for the residential
development/building permit approval process and for evaluating the changes
requested by clients at the sales office, as well as a description of the techniques for -

the automatic checking of drawings with an emphasis on a knowledge-based system,
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product model databases, and application of the CAD system with database in
construction industry. In addition, the chapter also discusses the techniques used for
the knowledge acquisition to develop the knowledge-based system. Chapter 3
(Proposed Methodology) discusses the methodology for the developed prototype.
The conceptual design of the system’s components, i.e. the automation module, the
central databases (the building information database and the city bylaws database),
the information-processing module, and the integrated building code assistance
module is also explained. Chapter 4 (Implementation of the Proposed
Methodology) describes the implementation of the methodology proposed for
developing an integrated system with CAD (ISCAD), which is shared by key
players in the housing industry and used in their respective areas. It also explains the
design, the hardware and the software requirements and the functions of the
developed prototype. A detailed description of this prototype encompassing
advantages and limitations is also provided. Chapter 5 (Case Studies) makes use of
up-to-date "real world" case studies to validate and verify the developed system.
Case studies are presented in this chapter demonstrating the effectiveness of the
developed prototype system. Chapter 6 (Summary and Concluding Remarks)
describes the conclusion, research contributions and recommendations for further

research.

8
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2 LITERATURE REVIEW

This includes review of the state of the art literature, the current practices for the
residential development/building permit approval process and for evaluating the
changes requested by clients at the sales office. In addition, the chapter also discuses
the techniques used for the knowledge acquisition to develop the knowledge based

system.

2.1 State of the Art Literature Review

The literature review focuses on state of the art developments in the following areas:
application of the knowledge based system (KBS) in construction, the integrated CAD
system with database, the automatic code checking system, product modeling and

general applications of CAD in construction.

2.1.1  Application of KBS in construction

Knowledge based systems and their various application in construction have been
widely described in the literature Van der Horst (2004), Heijst et al. (2004), Leeuwen
(2002), Lawrence et al. (1995), Sandberg (2003), and Korman (2001). Fasth (2000)
outlines the methodology for the development of a knowledge based system, which
includes two major steps: 1) knowledge acquisition 2) validation and verification of
the developed application. The knowledge acquisition comprises of three stages:
knowledge elicitation, knowledge representation, and knowledge encoding.
Knowledge elicitation refers to obtaining knowledge from the experts; common
techniques of information elicitation include the interviewing of experts and the
studying of related literatures. A knowledge representation and its encoding includes
gathering of the information from experts and literature review, and its modeling and
formalization respectively. Table 2-1 lists a summary of the applications of
knowledge-based system, their areas of application and characteristics used in the .

construction industry.
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Table 2-1: Applications of Knowledge Based System used in Construction

R PPy
e

DR

1 BETVAL

C

Provides advice on the
selection of ready mix concrete
for the job site.

The system was developed using
Insight 2+ and uses IBM PCX or AT

computer.

2 [CONCEX

Used for quality assurance of
concrete at the construction site

Developed using the Rule Master
expert system development too.

CONCRETE
3 MIX
DESIGNER

Provides information on trial mix
propottions of concrete.

Developed using Personal Consultant
Plus expert system shell.

4 |ICONTEC

Diagnosis and treatment of
deteriorated concrete
structures.

Object oriented and rule based expert
system shell has been used for the
implementation.

5 [DURCON

Assists on the selection of
concrete constituents durability:
corrosion, freeze-thaw, sulfate
attack, alkali aggregate reaction

Developed originally in Fortran and
Pascal. Later it was converted into
Insight expert system shell.

6 [|ESCON

Rule based expert system
designed to model the
production of conventional
concrete.

ESCON is in development state using
the 'Savior' expert system shell.

7 |SLABFORM

Designed to assist the
designet/planner to select
horizontal concrete formwork
system..

SLABFORM was developed using the
Exsys Professional expert system
shell program.

Source: Lawrence et al., 1995

2.1.2  Application of integrated CAD system with database in construction

Researchers has addressed the need for integration of CAD with databases in a variety

of different ways ranging from information modeling to knowledge-based interfaces

linking several application and multiple databases (Marir, 1998; Cooper, 1998; Yang,

2003; Navon, 1995; and Froese, 1992). The following section focuses on the few

attempts made to integrate CAD systems with different applications.
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Navon (1995) developed a system called COCSYT (CAM Oriented CAD system) that
can automate the integration of design and construction and supports changes in the
design procedure. The model is based on the principles of a design feature based
system, and predefine parametric and geometric entities with a functional meaning.
The designer takes design element from the predefined library of these elements. The
model allows automatic extraction of construction-related data from the design
database. In the Open System for Construction (OSCON) product model, Marir
(1998) integrates the Computer Aided Design (CAD) and relational database
management system. The model stores architectural design information in an
integrated construction object oriented database that is compliance with industry
foundation classes (IFC) and is shared by a range of computer applications. Based on
OSCON, AutoCAD creates the instances of the design model and stores them in the
distributed object database. An Abstract Design Classes (IFC Building Element)
represents an abstraction for each kind of architectural design element and also
provides abstraction for the model classes to draw and render in the CAD
Environment. In addition, the model has used Virtual Reality Modeling Language
(VRML) for remotely interrogating the information stored in the integrated database,
visualizing and manipulating the design components in a 3D environment. The client
applications, i.e. the esteem, the mentor and the planner, are designed to access and
manipulate instances of the specific domain and OSCONCAD design distributed
objects through CORBA Object Request Brokers. CAD-B PM, a CAD- Based Project
Management Model developed by Zahnan (2000), integrates the CAD design with the
central depository of a project information database. It allows the user to separate the
design data from the specific CAD package that is used to calculate the productivity
and to generate cost estimates for the project. This approach emphasizes the capture of
graphical and textual information about the building project and its direct storage to a
server based central database. Elzarka (2001) presents a cost-effective approach for

developing computer integrated construction (CIC) systems by integrating stand-alone .
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CAD, spreadsheet, database, and scheduling software packages using Visual Basic for
Applications (VBA).

2.1.3  Systems for automatic CAD drawing checking

Much of the research currently carried out in the field of automatic checking of CAD
drawing centers on the development of an automatic checking module and the
development of the building product model (Turk et al., 1992; Han et al., 1998; and
Sulaiman et al., 2002).

Nguyen et al. (2001) presents a computer-based building design framework which
emphasizes the engine; this framework is capable of automatically deducing
topologica! information of building components which support various aspects of the
building design, such as constructability analysis, construction planning, and building
code compliance checking. Han et al (2004) developed “A Client/Server Framework
for On-line Building Code Checking” system, which examines the structure and
attributes of the product model and the building code model. The building code model,
which uses the same structure as IFC product model hierarchy, involves mapping the
building code provisions and embedding them in an object-oriented framework in
order to analyze a design for code compliance. One building code class can have
several instances corresponding to the provisions in the building code. An individual
component can be checked against all applicable instances of provisions for that class
of building component. The standard product model, i.e. Standard for exchange of
product data (STEP), and International Alliance of Interoperability are also used to
facilitate the data exchange. The user of the system develops a plan using an IFC
compliant CAD package and a specially designed module (AutoCAD-to-IFC
translation module) generates the building model class attributes and relationships
required by the code-checking program to perform the building code analysis. An
AutoLisp routine extracts the IFC information from the enhanced AutoCAD database
and converts the information into an IFC Express file, i.e.. [FC Model. The draftsman .

sends his design to the code-checking program that resides on the remote server. The
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code-checking program examines the IFC design data, and groups and re- analyzes the
group components to determine the compliance to code provisions. Delis (1995)
examine the Automatic Intelligent Fire-Code Checking, in which engineering code
requirements are encoded in a knowledge-based expert system that evaluates a design
for overall conformity. The system, termed “Fire-Code Analyzer” (FCA), consists of a
frame system, a rule system, and a set of geometric algorithms. The frame-based
system is used to represent the various three-dimensional objects of an application
model and their relations. The rule-based system includes a set of rules in the
IF/THEN form, and serves to provide all the necessary information to achieve
compliance with codes. A number of geometric algorithms that elicit knowledge from

the frame representation of the various building objects are discussed.

2.1.4  Application of Product Models

Researchers have paid particular attention in recent years to methods of describing a
building in digital form, i.e. Building Product Modeling (Murat 2001). Several efforts
have been made to develop an object oriented building model that contains the
necessary geometric, functional and behavioral relationships of building components.
There are two international standardization efforts that address the representation of
building design: STEP (STandard for the Exchange of Product model data) developed
by the International Organization for Standardization; and the Industry Foundation
Classes; IFCs are the specifications for a set of standardized object definitions,
developed by the International Alliance for Interoperability (IAI). IAI carries out the
development at work on the EXPRESS data definition language that developed as an
ISO standard within the STEP project. The EXPRESS schemata defined in terms of
entities and their attributes offer a standardized format for data exchange. The
database is structured denoting sets of objects and objects incorporating physical and
non-physical information such as weight, color, electrical and thermal properties, cost,
as well as defining how it appears in space. An object also encapsulates procedures
that can be used to behave and related to other objects. Rivard (2000) proposed the
BENT (Building ENtity and Technology) model, which represents each building
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entity as a generic container that encompasses its properties, taxonomy, geometry,
composition, relationships, and the design knowledge applied in generating it. Yang
(2003) presents a method for IFC-compliant design information modeling for 3D
architectural design using IFC technology and the IFC property set extension
mechanism. This method comprises the defining of non-standard and project specific
design information in extensible and interoperable Psets; the instantiation of these Pset
definitions with CAD object information, the generation of IFC compliant product
models, and the management of shared product model data across AEC computer

applications.

2.1.5 Knowledge elicitation process

Knowledge elicitation refers to how the knowledge is obtained from the expert. The
most common methods of information elicitation include interviews with experts and
the study of literature reviews. The following section discusses the methods used to

elicit the knowledge for the developed prototype.

2.1.5.1 Structured interviews

Experts from the domain, including development officers and building code safety
officers, were interviewed to explain the criteria they use to evaluate the compliance
of drawings with city bylaws. These experts were also asked for their interpretation of
these bylaws. Including the level of variations, variances to the regulations can be

approved by the development officers without having to go to the appeal board.

2.1.5.2 Study of city bylaws and building code provisions

This involved the study of the City Bylaw #12800, referred to as the Edmonton
Zoning Bylaw, and also known as the Land Use Bylaw by the Municipal Government
Act. The “National Housing Code of Canada 1998 and Illustrated Guide” (NRCC,
1998), which sets the minimum requirements for the design of building code
compliant drawings required for self-contained, single-detached, and semi-detached

houses, was also investigated.
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2.1.6 Development requirements in the City of Edmonton

The Edmonton Zoning Bylaw, also known as city bylaw #12800, governs
developments in the City of Edmonton. Land belonging to the City of Edmonton has
been classified into 39 zones, 2 direct control provisions and 14 overlays, each of
which has its own purpose and characteristics. A zone as defined in the Edmonton
Zoning Bylaw 1is a specific group of @isted Use Classes and Development Regulations,
which regulate the use, and development of land within specific geographic areas of
the city. According to the bylaws, no person can commence, or cause or allow to be
commenced, or carry on, or céuse or allow to be carried on, a development without a
Development Permit issued under the provisions of the development classes of the city
bylaw. For any development, an approved development permit, a document stating
that the proposed development has been reviewed against the provisions of Edmonton
Zoning Bylaw, is required. The development permit is not required for minor
developments; some activities, which do not necessitate an approval, are listed below:

» Farm buildings, other than those used as dwellings;

* A single storey accessory building not greater than 10.0 m?’ in floor area;

= Interior alterations and maintenance to a residential building, provided that such
alterations and maintenance do not result in an increase in the number of
dwellings within the building or on the site, nor in a change of the Use Class or
the introduction of another Use Class;

* Interior alterations and maintenance to a non-residential building, including
mechanical or electrical work, provided that neither the Use Class nor the
intensity of the Use Class is changed, nor that another Use Class is added;

» The erection of any fence, wall or gate not exceeding 1.85 m in height provided
that the erection of such structure does not contravene any provision of this or
any other bylaw of the City of Edmonton.

» The parking or storage, or both, of any uninhabited recreational vehicle in a
residential zone, where such parking or storage fully complies with the

regulations of objects prohibited or restricted in residential zones of this bylaw;
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* Landscaping, where the existing grade and natural surface drainage pattern is
not materially altered, except where Landscaping forms part of a development
which requires a Development Permit;

* Minor structures not exceeding 1.8 m in height which are ancillary to residential
uses, such as a barbecue, dog house, lawn sculpture or bird feeder.

* Demolition of a building or structure where a Development Permit has been
issued for a new development on the same site, and the demolition of the
existing building or structure is implicit in that permit.

» The temporary use of a portion of a building or structure for which a
Development Permit has been granted under this bylaw, for the marketing of the
building or structure; and

= The erection of an uncovered deck that is located entirely within a rear yard, and
which has a height of less than 0.6 m, and which is accessory to a residential

structure.

Developments are classified in two categories: 1) Class A - Permitted Development
and 2) Class B - Discretionary Development (for definitions see Appendix B). The
majority of projects requiring building permits, which is approval for the construction
of new buildings, additions, interior or exterior alterations to buildings, demolitions,
relocating buildings or construction alterations for the purpose of changing the use of a
building, also require a development permit. The following projects require both
development and building approval: Commercial Change of Use and/or Interior
Alterations, New House or Additions (e.g. Garages, Sunroom, Veranda), Detached

Garage, Uncovered Deck, Shed Permit.

2.1.6.1 Requirements for building permit application for a house

A development permit and a building permit are required for the construction of all
new houses and additions to houses. When considering a new house or an addition to
an existing building, it is necessary to research in the property for easements, rights of .

way or other instruments. Information on these items is found in the land title office.
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Additions to houses require the applicant to obtain the permits separately depending
on the extent of construction. When making an application for the permits for a new
house, the applicant must provide the following drawings and information:
» The municipal address and/or the legal description (lot, block, plan) of the
property.
= Three (3) copies of a site plan showing where the buildings are located on the
property.
» Three (3) sets of construction plans drawn to a minimum scale of 1:100 (1/4 inch

= | foot) with dimensions.

2.1.7 Introduction to Alberta Land Titles

The Alberta Land Titles Office is responsible for keeping the records, and transactions
related to subdivision plans, and for providing a quick and accurate search for land
records in the province. A subdivision plan approved by several authorities such as the
local municipal subdivision approval authority is submitted to the Land Titles Office.
After the final check for compliance with statutory requirements performed by the
Surveys Technologists at Land Titles, the plan is registered with the Alberta Land
Titles Automation (ALTA) system. The land subdivided in a city, town, village or
acreage subdivision is identified by a new legal description defining the land by plan
number, block number and lot number (PBL). The ALTA system systemically
generates a plan number for the plan. Plan numbers are now seven digits, with the first
two digits designating the year and the third digit designating the Land Titles Office,
Calgary being number 1 and Edmonton being number 2. For example, the plan

numbered as 7510001 was the first plan registered in 1975 by the Calgary Land Titles
Office.

In 1999, the Land Titles Office introduced an electronic system to replace the existing
Surveys registration system; it provides advanced facilities such as electronic
submission, examination, registration, storage and dissemination of all survey plans in

the province, which exceeds 250,000 plans. A web-enabled Spatial Information
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System (SPIN) delivers survey plans, survey control marker data, original township
plans, and a wide variety of other land related information allowing either parameter-
based searches, or graphic, map-based searches of the plan and other land databases.
The Alberta Registries & Consumer Services on-line Survey Plan Index (SPIN)
system allows province wide search, view, and download of registered plans of survey
in TIF image form. All survey plans in the province are searchable either by direct key
in of the plan number(s), or by legal description (Alberta Township Survey - ATS) or
graphically through viewing and zooming in on the cadastral mapping of the province.
Copies of registered plans can be obtained from one of the Land Titles Offices located
in Calgary and Edmonton by quoting the plan number and are available on paper,

reproducible film or in digital format on either diskette or CD-ROM.

2.2 Current Practices for New Residential Building Project

The construction of a new house (housing project) passes through four phases: 1)
preparation and submission of a development/building permit application by the
architect/engineer (A/E); 2) the approval and issuing of building permits at the city
office; 3) construction of the approved design; and 4) the selling of the house to its
prospective owner. Figure 2-1 illustrates the current practices followed for a housing

project.

The preparation and submission of the building permit application includes the
drafting of the new house drawings and the submission of the building permit
application, which includes the application form, site plan and construction plans. The
site plan shows the dimensions of the proposed project site, the location of the
proposed building, and the existing facilities (power line, gas line, sewer line etc.) on
the site. The construction plans for the proposed model include floor plans and
elevations of the designed model. The site plan and the construction plan for the
proposed model are drawn in compliance with city bylaws and building codes
provisions. For drafting the proposed model, A/E identifies the city bylaws and -

building code provisions applicable to the new house. The number of city bylaws
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exceeds several hundred, and the architect has to either memorize the bylaws or
manually look for the most updated versions of the bylaws and building code
provisions, which makes the drafting of a drawing a time consuming process and one
which may result in a non-compliant drawing. Drawings are expected to serve experts
from different area of interest as the main medium of integration (Eastman et al.
1998). In addition, the information provided in the drawings is non-systematic, lacking
fixed standards to represent the information in the drawings, and therefore drawings

cannot be viewed as model drawings.

A hard copy of the CAD drafted design is submitted to the city office for approval of
the development/building permit. During the development/building permit approval
process, the development officer checks the compliance of the site plan with city
bylaws and the safety officer checks the construction plan’s compliance with building
code provisions. A development officer reviews the application using the regulations
of the Land Use Bylaw and issues a Zoning Bylaw Compliance Certificate, which is a
Compliance Certificate indicating that a building(s) located on a Site is (are) located in
accordance with the Yard regulations of this Bylaw and the Yards specified in the
Development Permits which may have been issued for the site. A Building Code
Safety Officer reviews the application to prepare the building permit. The Alberta
Building Code regulates the construction methods, and materials used, the occupancy,
and the equipment for the housing project, which provide for the health and safety of
the occupants. The approving authorities go through the same process as the A/E did
for assessing the applicable city bylaws and building code provisions. The
aforementioned code checking, which requires knowledge of the regulations,
awareness of changes, a good understanding of the design process and most
importantly skillful personnel is completed manually (Delis, 1995). The non-
compliant drawings are rejected and follow the steps of modification according to city
laws before being resubmitted for a building permit. If the application is refused, the
applicant may appeal the development officer's decision to the Subdivision and .

Development Appeal Board.
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Architect/Engineer Office > City Office

New project Determination of applicable city bylaws and
building code provisions.
Determination of applicable city bylaws and

building code provisions. Store data manually
Plot drawing Is drawing compliance with code?

Yes: Continue with process
Availability of expert on building code provisions? No: Sent back to A/E Office to re- determine
Yes: Continue with drawing applicable city bylaws and building code
No: Explore other resources provisions

Forward to Sales Center

Complete drawing

Submission of building permit (hardcopy) to City
Office { Start construction l

Sales Center

New project for sale
Client-sales officer

Changes asked for by clients?
Yes: Drawing is referred back to A/E Office
No: Sales officer continue to deal with client

Deal finalization

Figure 2-1: Current Practices
The approved building permit leads the way for the start of construction, and the blue
prints of the approved model are sent to the sales representative to sell the approved
model. Clients at the sales office might demand changes to fulfill their requirements.
The most important criteria for evaluating these changes is their compliance with city
bylaws and building code provisions, while others include methods by which changes
will be implemented and their effect on cost and scheduling. The sales representative,
not necessarily an engineer by profession, may find it difficult to answer the queries of
prospective owners (clients) regarding the changes made to meet his family needs. In
the current system, the requested changes are sent to the architect’s office in
documented form, and A/E undergo the same process to check their compliance with
city bylaws and building code provisions as he did during the design of the project.
The sales representative can pursue the proposed deal only after receiving a response

from the A/E’s office.
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Generally, it takes 4-6 weeks to get a response from A/E’s office and the City office.
Due to this complex, tedious, and time consuming process, most builders are reluctant

to allow changes to ongoing projects.

Most of the activities included in the process described above are redundant since the
same information stored in the drawings is extracted repeatedly during different
phases of the project. By reducing the redundancy, unnecessary time, cost, and errors
associated with each phase may be eliminated. In addition, the non-standardized
method of presenting information, the submission of hard copies of documents leads
to data re-entry, which might consequent in inaccuracies. The issue of integration of
the various stages involved in the residential building project has become more critical
than ever. There is a need for a greater automation of the building permit process as a

whole to bridge the gap between society’s demands and the residential industry’s

supply.
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3 PROPOSED METHODOLOGY

This chapter describes the proposed methodology for the development of a integrated
system with CAD, which is shared by key players for their respective uses in the
housing industry, i.e. the A/E, the approving authorities, and the sales representative.

The chapter also describes the system components of the developed prototype.

3.1 Proposed Methodology

The previous chapter described the current practices in the development/building
permit approval process for a new house that necessitate the need for capturing and
storing drawing information in a database for future use. The research presents a
methodology for an automated development permit approval process, which focuses
on the development of a integrated system with CAD (ISCAD) and its utilization by
the A/E, the approving authorities, and the sales representative at various stages in the
housing project. Doing so involves the development of an Information-Processing
module (IP), an automation module, a building information database, and a city bylaw

database.

The proposed technique presents a new approach for the housing industry, one that
allows for automation of the development permit approval process and improves the
communication between project participants in a housing project, while maintaining
the accessibility of both traditional and advanced computer tools. According to the
Edmonton Zoning Bylaws, principal and accessory buildings can be constructed inside
the specific boundaries of a site, which have minimum offsets from other existing
buildings or facilities. The boundary is known as a building pocket. The details for the
proposed buildings and existing facilities are provided by the A/E, leading to the
completion of a site plan. Upon the completion of the drawing in specific layers, the
drawing data is extracted and stored in a central database. The extracted information is
attached to specific objects (polyline) with specific layers, which are recognized using -

the Visual Basic for Application in AutoCAD. The information, which involves the lot
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shape, the site’s characteristics, the building’s characteristics (height of a new house
and attached or detached garage), and design-drawing specifications, is stored in a
central database that can be updated as new information becomes available. The
information stored in the database is shared by the A/E, the approving authorities, and
the sales representative and can be accessed at any time. The approving authorities
check the compliance of the site plan drawing with the city bylaws and issue the
development permit. If changes are made to the drawing, the data is updated in the
centra] database and changes made to the drawing are checked for their compliance
with city bylaws. The benefits of the electronic sharing of project information include
the minimization of errors, security and data integrity across the functional
applications, as well as improved process efficiency, thus enhancing communication
between project team players. Figure 3-1 illustrates the method proposed to develop

the proposed methodology.

Architect / Approving Sales
Engineer Authorities Representative

Input Data

Project ID
Residential Zone

e
- == Information *Building
Height of Building Building P . City Bylaws /L —N] Parameters
o gs . (d S1I,
Corner Building Information ocessing database | [N~V *Type of Zone
Type of House database Module «City Bylaws
Lane Abutting Site

Attached Garage

Output
f
Automatic Checking Automation in Building Code Verification of Changes
of Drawing Drafting Process| Assistance made in Drawing
L

Figure 3-1: Proposed Methodology
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3.2 Process Flow in the Proposed Methodology

The construction of a new house follows a four-stage process: preparations of the
building permit application, its approval, construction of the house, and the selling of
the approved design model. Three of these stages: preparations of the building permit
application, its approval, and the selling of the approved design model, are carried out
in three different environments: 1) the CAD environment, 2) the city office
environment and 3) the sales office environment respectively. Figure 3-2 shows the
process flow in CAD Environment. Figure 3-2 shows the process flow in the CAD

environment.

Input building and
lot characteristics
Extracts minimum
requirements

City Bylaws
Database

Is project data compliant
with city bylaws(1)?

Changes recommended

No

Extracts lot

Plots lot boundary and building X -
dimensions

pocket in CAD environment

Building Information
Database

" Saves drawing data
Develop site plan '

Extracts drawing data

Extracts minimum requirements

Project data compliant

Changes recommended | with city bylaws(Il)?

No

City bylaws compliance
site plan is ready for submission
As part of building permit application

Figure 3-2: Process Flow in the CAD Environment
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Note: City bylaws(I) checking checks the minimum requirements for minimum site
width, site depth requirements for the residential zones, also described as checking the
feasibility of project. City bylaws(Il) checking checks the minimum yard and area

requirements provisions.

The data flow within the system represents ‘the flow of information between the
following processes: the storing lot data into a central database, checking the
feasibility of the project, drafting of the building pocket compliance with city bylaws
in the CAD environment, extraction of the drawing data, storage of the drawing data
in the database, checking the site plan drawings with reference to the city bylaws, and

the labeling of the site plan drawing.

For the development permit approval process, the approving authority accesses the site
plan information from the central database and checks the site plan with respect to the
city bylaws. The aforementioned code checking is completed in which non-compliant
objects in the drawings are highlighted, and the development permit is issued
instantly. In the sales office environment, the sales representative accesses the
instances of the approved design model stored in the central database. Clients at the
sales office might demand changes to fulfill their requirements. These changes in the
CAD drawing are completed and are updated in the central database. Figure 3-3

illustrates the process flow in the sales office environment.

The updating of the changes is completed in two steps: 1) extraction of the data and 2)
updating the database. The compliance of the changes made in the drawing is verified
instantly, a process that involves a comparison of the drawing characteristics, stored in
the building information database and the minimum requirements stored in the city
bylaws database. The highlighting of the non-complying parts provides instant answer

for its compliance to the city bylaws.
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Figure 3-3: Process Flow in the Sales Office Environment

The integration of the processes mentioned in the section 3.2 provides an efficient
method for generating a drawing that is compliant with city bylaws; later the system
can be used for the verification of changes requested for a particular design. This
research involves the development of an error-free system that automates the
development permit approval process and provides a tool to the sales officer to verify
the changes requested by his/her client. Figure 3-4 illustrates the system components
developed in the proposed methodology, which consists of main components:
automation module, extraction module, integrated building code assistance module,

and IP module.
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Figure 3-4: System Main Components

3.3 System Central Databases

The two databases have been created to meet the requirements of the end user and to
improve the performance functions such as instant data flow between end users.
Storing data in database has many advantages: changes in city bylaws provisions are
achieved by making changes in instances of city bylaws stored in the database and the
participants of a project (the architect, the sales representative, the approving
authorities) can access the project data electronically. The development of the
databases goes through three main phases: 1) requirements, collection and analysis; 2)
the conceptual database design; and 3) implementation of the conceptual design. The
requirement collection and analysis of the database were written based on the end user
requirements and the functions of the prototype. The result of this step was a concisely
written set of user requirements. The data flow diagram techniques were used to
determine the functional requirements of the application. The implementation of the
conceptual design was achieved through the logical database design and the physical
database design. The logical database design involved the implementation of the
database using a commercial database. The databases were designed using MS
ACCESS, and the conceptual schema was transformed from the level data model to an

implementation data model. The result is a database schema in the implementation
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data model of the MS ACCESS environment. In the physical database design, the

internal storage structure and file organization for the database were specified.

3.3.1 Building Information database

The building information database considers three criteria for the storage of data: 1)
the data required in the building permit application form; 2) the city bylaws
requirements for the checking of the site plan; and 3) storage of lot data (angles and
distances for each side of lot). An applicant’s personal data such as the project’s
owner, the applicant’s business name, the contact person and project related
information such as the legal address, and the project address are all required for the
building permit application form. The second set of criteria, i.e. the city bylaws
requirements for checking of the site plan include project’s characteristics such as the
type of residential zone, the height of building, and the type of land use. Based upon
the classification of lot shape, the lot data (distances and angles for each side of the
lot) is stored in the building information database.

The conceptual design of the database provides a comprehensive description of the
database requirements, highlighting its entities and their respective relationships. The
development was carried out using an entity relationship (ER) diagram as shown in .
The ER diagram consists of entities, relationships, and attributes, and serves two
purposes: effective dataflow throughout the prototype as per requirements and
reference for the developer to ensure that all the requirements are modeled without any
conflicts between entities and relationships. Entities are basic objects with an
independent physical or conceptual existence. The proposed database consists of seven
entities: 5 physical entities (project, building etc.), and 2 conceptual entities (i.e. pie
shape and plot shapel). The following section gives a brief outline of the attributes and
relationships between entities in the building information database. Weak entities such

as pie shape, and plot shapel store the lot data in the database.

Attributes are the particular properties of the entity type. This database uses different

types of attributes such as composite, simple, single value, multi value, derived and
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key attributes. The composite attributes such as a lot’s legal address, ProjectID, and
the applicant’s address are a combination of smaller parts, each smaller part having an
independent meaning. The project conditions, applicant’s personal data, and the
characteristics of the building shown in drawing are stored through the use of simple
or atomic attributes. Multi-value attributes are used for different lot shapes. Derived
attributes are used to calculate the side yard and area of the lot. The key attribute that
distinguishes the entities is, in some cases a combination of several attributes. One
composite attributes concerning the project is added to the project entity; the key
attributes of other entities are derived from it. Relationships: The developed database
consists of two types of relationships: 1) ternary relationships such as the relationship
between the project, site and building entities and 2) identifying relationships such as
the relationship between the residential building project and building permit applicant,

as shown in .

3.3.2 City Bylaws database

The City Bylaws database stores the instances of city bylaws provisions for residential
zones. The storage of city bylaws instances in the database makes it easy to
incorporate future changes in city bylaws. In this prototype, the city bylaws database
consists of instances of provisions applicable in four residential zones: 1) the single
detached residential zone (RF1); 2) the residential small lot zone (RSL); 3) the low
density infill zone (RF2); and 4) the planned lot residential zone (RPL). The instances
of provisions in four residential zones are listed in one table having 28 attributes;
atomic and null valued attributes are used to store these instances. The attribute “zone

name” is primary key of the table.
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3.4 Storing of Lot Data

The proposed system consists of a comprehensive database that contains information
about all lots in the city registered in the Alberta Land Title Office. The lots have been
classified into two categories: 1) lots for which the building and development permits
have been approved and 2) lots for which the building permits are not approved yet. In
addition to information about the projects for which the building permits have been
approved, the database also contains lot data (the length and angle of each side of a lot)
for each lot for which a building permit is not approved yet. The information about the
building on a lot is populated later, as the design of the proposed model progresses. The
ProjectID, which is a combination of the plan, block and lot number (PIB), recognizes
each project in the building information database. The Land Titles of Alberta office keep
records for all registered lots. For this research, two subdivision plans having plan
number 0226762 and 7722037 (Attached in Appendix A) were downloaded from the
SPIN web site. The plan view of the lot site shows the side distances and side bearings of
lot, which exists in the subdivision. Figure 3-6 shows the distances and bearing of the lot
having plan number 7722037, block number 3 and lot number 4; the ProjectID for the
building Information database is 772203734.

Figure 3-6: Lot Representation in the Subdivision Plan
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3.4.1 Classification of lot shapes

The lots in the subdivision plan have been classified based upon lot shapes, and the
subdivision plan consists of variety of shapes. These shapes vary from simple such as
rectangular, pie to others that are a combination of lines and arcs. A new approach has
been used to classify lot shapes; the line in the lot shape is coded as 1 while an arc is
coded as 0. The name of the shape starts from the start point of the right side of the lot
and runs anticlockwise; Figure 3-7 is coded as 1110. Lot data in the database is stored
based on the lot’s shape; each lot’s shape has a separate table in the database, and
attributes of table are a function of a lot shape. From the study of downloaded
subdivisions, the lots for single detached houses have been classified into 10
categories; it is also observed that 60-65% of all lot shapes are either category 1111 or
1110.

Table 3-1: Classification of Lot Shapes

No. | Shape Name - Comments
| "t Rectangular, trapezbidal, parallelogram and other four
sides shape, covered in the prototype
2 11110 Not covered in the prototype
3 111100 Not covered in the prototype
4 11110 Not covered in the prototype
Covers three side and arc as front side, covered in the
> H1o prototype
6 1111000 Not covered in the prototype
7 11111 Not covered in the prototype
8 11101 Not covered in the prototype
9 111110 Not covered in the prototype
10 111000 Not covered in the prototype
32

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



3.4.2 Storage of lot data in the central database

The lot shown in Figure 3-7 is composed of three lines and an arc. Sides of a lot can
be a line, an arc, or a combination of both. The azimuth of the line with respect to
north and its length (either in metric or imperial system) describe the line while the
properties of an arc are represented by its length, its radius, and its central angle.
Figure 3-8 shows the Figure 3-7 lot when it is seen from its frontage; it consists of
four sides: the right side; the rear side, the left side, and the front side, named AB, BC,

CD, and DA from the right side, moving in an anticlockwise direction.

-7 Front Side

Figure 3-8: Lot Front View

The angle stored in the database is the azimuth angle for a line starting from the start
point, i.e. AB, BC, and CD respectively. If the given azimuth in the subdivision plan is
for the reverse direction (BA), it is converted to back azimuth by using the equation
shown below.

Table 3-3 lists the title name, side name, its graphic element, length and the azimuth of

the side of the plot shown in Figure 3-7.

Back Azimuth = Azimuth 180 Equation 1

Case 1------- If azimuth <180, back azimuth = azimuth +180

Case2-----~-- If azimuth >180, back azimuth = azimuth -180
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Table 3-3: Lot Data for 1110 Shape Type

Title Side Graphic | Length Angle Radius | Arc Length
Name Name Element (ft) (degree) (ft) (Ft)
AB Right Side | Line 140°. 03 | 92d42°29” | N.A. | N.A.

BC Rear Side | Line 133°. 00 | 335d54’35” | N.A. | N.A.
CD Left Side | Line 126°. 10 | 230d19°14” | N.A. | N.A.
DA Front Side | Arc N.A. N.A. 50°.00]| 36°.99

3.5 Extraction of Data

The concept of the data extraction is based on the idea that the components of a
proposed model are drawn using specific objects (polyline) with specific layers,
objects in the drawing are recognized using the Visual Basic Application in AutoCAD
and the properties of the drawn objects are extracted. Layers are like overlays on
which various types of information is kept; they are an efficient tool for organizing the
drawing. Upon the completion of the drawing in specific layers, the drawing data is

extracted and stored in the central database. Figure 3-9 illustrates the process

developed for extraction of data from the CAD drawing.
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Figure 3-9: Data Extraction Process

3.6 Information Processing (IP) Module

The objective of the IP module is to evaluate the feasibility of the proposed project,
calculate the minimum yard requirements and check the compliance of the site plan
drawing to city bylaws. The IP module is placed in a central repository, which is
shared by the A/E, the approving authorities at the city office, and the sales
representative at the sales office as shown in Figure 3-1. The instant accessibility of
the JP module to participants in the housing industry not only automates the
development permit application process but also eliminates the redundancies involved

in the process.
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3.6.1 Evaluation of the feasibility of a housing project

The feasibility of the project is determined by checking the project’s characteristics
with the minimum required specifications of the specific residential zone (for
definitions see Appendix B). Residential zones are the specific area where the
construction of the single detached, semi detached, duplex, and secondary suit
housing projects is permitted. Table 3-5 lists the characteristics of six residential
zones from city bylaws #12800 which highlights the name, general purpose, uses
(permitted and discretionary), minimum and maximum requirements for the City of
Edmonton residential zones. Each zone is unique and there is significant variation of
requirements in each zone. The minimum requirements such as minimum site area,
minimum site width, and minimum site depth and maximum height for a new house
are a function of the residential zone and the type of house. For example, the
minimum site area requirement for a single detached residential zone is 360 m®
/dwelling while the area requirement for a planned lot (RPL) residential zone is 270

m? /dwelling.

3.6.2 Calculation for side yards

According to the Edmonton Zoning Bylaw, a building of house can be constructed in
the specific area on the lot, i.e. the proposed building must have minimum required
offsets from existing buildings or facilities. These minimum required offsets are a
function of the type of zone, the height of the building, and the characteristics of the
lot such as whether it is a corner building, has an attached or detached garage, and

has a lane abutting the site. This section focuses on the effect of the aforementioned

listed factors for yard calculation.
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Table 3-5: Characteristics and Requirements of Edmonton Residential Zones

o ‘ R S Maximum Allowable
Residential Zone Characteristics Minimum Requirements. e
: . - . S -Site Coverage -
Name of Permit . » : . )
. : Discretionar S . o SD ' PBAC|ABAC| TAC
Residenti Purpose ted Site Area Site Width -MAHght » v
0. - 5 y Use : (m) |- A A%) | (%) | (%)
al Zone Use . - . . -
] RSC, SemDH, .
1 |RF1 Provide SDH primarily SDH DH. S5 360 m2 /dwelling 12.0 m 30.0 | 100m 28 12 40
Provide smaller lot SDH with RSC, SemDH, X
2 [RSL L SDH 360 m2 /dwelling 10.4 m, 9m for pie shaped lot | 30.0 | 10.0m 45
ttached garage DH, SS
Retain SDH while allowing RSC. SemDH 360 m2/ SDH,300 m2/ |7.5 m for each DH or semDH,
, oembH,
3 [RF2 Jsensitive infill at a slightly |SDH DH.SS DH or semDH,100 m2/ |12.0 m for each SDH with or 30.0 | 10.0m) 28 12 40
higher density ' ss without SS
Provide smaller lot SDH
. . 9.0 m, 8.6 m for up to 30% of
while allowing greater 270 m2, 258 m2 when . "
4 |RPL o SDH RSC . . the RPL sites within a 30.0 |10.0m 35 17 47
flexibility for infill 8.6 < site width< 9.0 m . .
registered plan of subdivision
developments
7.5 m for each DH or SemDH,
. . 360 m2/ SDH,300 m2/ .
Provide primarily SDH and RSC, AH, RH, 12.0 m for each SDH with or
. . DH, SS, DH or semDH, 200 m2/
emDH while allowing small DH & SS other i without SS, 6.0 m for each RH
5 |RF3 SemDH, X RH, 160 m2 RH internal i 30.0 | 10.0m( 28 12 40
cale conversion and infill than in . end dwelling, 5.0 for each RH
SDH . dwelling,100 m2 / SS, . :
redevelopment permitted areas internal dwelling, 20.0 m for
800 m2 /AH or SRH
each AH
360 m2/ SDH, 225 m2 /
SemDH DH or SemDH, 100 m2/ |7.5 m for each DH or SDH,
emDH,
6 |RF4 [To provide primarily semDH SO RSC,DH SSand 300 m2/DHor |12.0 m for each SDH with or 30.0 | 10.0m( 28 12 40
semDH within the without SS
boundary of MNbhd
37
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Table 3-7: List of Legends used in Table 6

3 B S P Sy 1

RSC Residential Sales Center SRH Stacked row housing

SDH Single detached housing MNbhd Mature Neighborhood

SemDH | Semi Detached Housing SD Site Depth

DH Duplex housing MAHght Maximum allowable height

SS Secondary suit PBAC Principle building area coverage
AH Apartment housing ABAC Accassory building area coverage
RH Row housing TAC Total Area Coverage

3.6.2.1 Effect of the height of the building

The height of the proposed house plays an important role in the size calculation of the
building pocket. The measurement of the height of a house is a function of the type of
roof used for the construction. Figure 3-10, shows the height calculation for various

roofs.

PN I t~ar Taelbi - o
2
8 Flat Sloped

Hip Flansard

Figure 3-10: Roofs Shape Effect on the Height of the House

The height requirements do not affect the front yard and the rear yard, while side yard
(side yardL and side yardR) requirements are a function of the height of the building.
The minimum side yard requirement is 2.0 m if the height of the building is more than

7.5m; otherwise it is 1.2 meters, as listed in Table 3-9.
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Table 3-9: List of the Effect of the Building Height on Side Yards

Height of House | Minimum SldeYardRequn'ement

< 7.5 meters 1.2 meters

>7.5 meters 2.0 meters

3.6.2.2 The effect of a building on a corner

On a corner lot, building of a house fronts one of two possible sides: 1) front yard and
2) flanking public roadway as shown in Figure 3-11. In the case of building fronts the
Front yard (Right side corner building in Figure 3-11), the minimum side yard
abutting the flanking public roadway is 20% of the site width to max of 4.5m. The
other minimum side yard is 2.0 and 1.2 meters depending on the height of the
building. The building fronting the flanking public road way (Left side corner building
in Figure 3-11), have the minimum side yard abutting the flanking road way is 4.5
meters while other minimum side yard is 2.0 and 1.2 meters depending on the height
of building For corner building, minimum front yard requirement remains same while
for rear yard it is 4.5 m instead of 7.5 as in case of non-corner lot. Table 3-12 shows

the minimum rear yard and side yard requirements in case of corner building.

Table 3-12: Corner Building Effect on the Side Yards

3 Vi,'; he" ST yEla
Front Yard > 7500 4500 20% of site width 2000
Front Yard < 7500 4500 20% of site width 1200
Public Roadway| > 7500 4500 4500 2000
m..;f’ Public Roadway| < 7500 4500 4500 1200

Note: All dimensions in millimeters.
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Minimum Regulations (typical RF1 Zone)

PUBLIC ROADVVAY ~~ CURB LINE

SIDE PROPERTY LINE

SIDE PROPERTY LINE

REAR PROPERTY LINE
*2.0m (6.8 ft.) Minimumn side LANE

yard If house exceeds 7.5m r———— e e
(24.6 ft.) in height. H

Figure 3-11: Minimum Yard Requirements for RF1 Zone

3.6.2.3 Effect of lane abutting the site

The lane is an alley, which provides an access to a garage from the rear side of the lot.
For lots having characteristics such as a lane abutting the site or the proposed building
is a detached garage, one of the sideyards has to be 3.0 meter to meet the vehicular
access requirements. Detached garages are independent structures separated from the
living portion of the residence. The front yard and rear yard are not affected by lane

criteria. Table 3-14 shows the combined effect of the lane, the attached garage and the

height of the building for the side yard calculations.

Note: All dimensions in millimeters.
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3.6.2.4 Total side yard rule

The other important rule governing the calculation of the side yard is that total side
yard (Side YardL + Side YardR) should be at least 20 % of the site width. The
following examples illustrate the total side yard rule. Table 3-16 lists the site and

building characteristics used for the given examples.

Table 3-16: Case Example Parameters

- _Site Characteristi AR

ght.of Building
Example 1 No No No 8000 13000
Example 2| Yes Yes No 7000 13000

Note: For definitions of above used terms see Appendix B.

Example 1
Solution:

Minimum Front Yard = 6000mm, Minimum Rear Yard = 7500 mm
Effect of Height: As the height of the proposed house is 8000 mm, so minimum side
yards on each side will be 2000mm i.e. SideYard.=2000 mm, SideYardR = 2000 mm
Effect of Corner Building: Not Applicable
Effect of Lane: As the site building characteristics shows that the proposed house is a
house with detached garage; no lane is abutting the site. So one of the side yards must
be 3000 mm. So in this it has two solutions:

1) SideYardL = 3000 mm, SideYardR = 2000 mm

2) SideYardL = 2000 mm, SideYardR = 3000 mm
Total Side Yard Rule: The sum of both side yards should be at least 20% of site width.
Total side yards = 2000 + 3000 = 5000mm

20% of site width =20 x 13000

100
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= 2600 mm
Since 5000 > 2600, so in this case total side yard rule is not governing factor and side
yards will be such that sum of the side yards should be minimum 5000mm.The

solution used by the prototype to develop the building pocket is listed below.

Minimum Front Yard = 6000mm, Minimum Rear Yard = 7500mm
SideYardL = 2000 mm, SideYardR = 3000 mm

Example 2
Solution:

Minimum Front Yard = 6000mm, Minimum Rear Yard = 7500 mm
Effect of Height: As height of the proposed house is 7000 mm, so minimum side yards
will be 1200mm i.e. Side YardL = 1200 mm, Side YardR = 1200 mm
Effect of Corner Building: Not Applicable
Effect of Lane: Not Applicable.
Total Side Yard Rule: The sum of both side yards should be at least 20% of site width.
Total side yards = 1200 + 1200 = 2400mm
20% of site width =20 x 13000
1000

= 2600 mm
Since 2400 < 2600, here total sum rule governs the side yards and side yards will be
such that sum of the side yards should be minimum 2600 mm. Table 3-18 lists the

solutions used by the prototype to develop the building pocket for example 1 and 2.

Minimum Front Yard = 6000mm, Minimum Rear Yard = 7500
SideYardL = 1200 mm, Side YardR = 2600 -1200 = 1400 mm

Table 3-18: Yard Dimensions Calculations

Example 1 6000 7500 3000 2000

Example 2 6000 7500 1400 1200
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Note: All dimensions in millimeters.

3.6.3 Checking the compliance of site plan drawing to city bylaws

Existing CAD systems do not provide advanced functions for the automatic checking
of design and drafting errors in drawings. If the knowledge for checking site plan
drawings is implemented into computers, CAD systems could automatically check for
design and drafting errors. The logic for checking the errors in drawing is based upon
rule-based system and is written by using Visual Basic for Application (VBA). The
following section describes a method for systematically checking the site plan for a

new house.

The developed system checks the site plan for site coverage for principal and
accessory buildings and side yards calculations. The regulations for the development
of house in the Edmonton Zoning Bylaw are function of following factors:

» Type of residential zones

* Building characteristics such as height of the building and attached or detached

garage

=  Site characteristics such as lane abutting the site and corner lot.
Based on input conditions, 24 possible cases of site conditions are developed and
values of side yards are determined. Table 3-20 lists calculated values for front yard,
rear yard, Side YardL, and Side YardR. Based upon project conditions, case number is
selected and minimum requirements for that case are fired which are passed to

automation module for drafting the building pocket.
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2 | T|T|T| T | F |<7500| 6000 | 4500 1200 20%SW - SYL, 1200
3| T|(T|{T| F | T |>7500| 6000 | 4500 4500 20%SW - SYL, 2000
4 | T|T|T| F | T [<7500| 6000 | 4500 4500 20%SW - SYL, 1200
5 | T|{T|F| T | F |>7500] 6000 | 4500 20%SW 2000
6 | T|T{F| T | F |<7500| 6000 | 4500 20%SW 1200
7 | T|T|F| F | T [>7500| 6000 | 4500 4500 20%SW - SYL, 2000
8 | T|T|F| F | T |<7500| 6000 | 4500 4500 20%SW - SYL, 1200
9 | T|F|T| T | F |>7500| 6000 | 4500 20%SW 2000
10| T|F|T| T | F |>7500| 6000 | 4500 20%SW 1200
11| T|F|T| F | T [>7500| 6000 | 4500 4500 20%SW - SYL, 2000
12| T|F|T| F | T |>7500] 6000 | 4500 4500 20%SW - SYL, 1200
13| T|F|F| T | F |>7500| 6000 | 4500 |20%SW, 3000 2000
14| T|F|F| T | F |<7500| 6000 | 4500 |20%SW, 3000 1200
15| T |F|F| F | T [>7500] 6000 | 4500 4500 2000
16| T |F|F| F | T |[<7500 6000 | 4500 4500 1200
17| F | T| T [NA.|[NA.|<7500| 6000 | 7500 1200 20%SW - SYL, 1200
18 | F | T| T |[NA [NA.{>7500{ 6000 | 7500 2000 20%SW - SYL, 2000
19| F | T| F [N.A|NA.|<7500| 6000 | 7500 1200 20%SW - SYL, 1200
20| F|T| F |NA|NA.|[>7500] 6000 | 7500 2000 20%SW - SYL, 2000
21 | F |F| T |NA|NA.[<7500| 6000 | 7500 1200 20%SW - SYL, 1200
22 | F|F| T [NA |NA.|>7500| 6000 | 7500 2000 20%SW - SYL, 2000
23 | F | F| F |NA.[NA.{<7500| 6000 | 7500 1200 20%SW - SYL, 3000
24 | F | F| F [N.A.[NA.|<7500| 6000 | 7500 2000 20%SW - SYL, 3000

Note: Side yard R = 20%SW - SyardL, 2000 indicates that Side YardR is equal to 20

% of total side yard minus left side yard, but calculated Side YardR must be equal or

more than 2000.
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Table 3-22: List of Legends used in Table 12

CB: Cormner Building
M yard: maximum front yard

M yard: Maximum allowable rear yard
S yardL: Side yard left

20%SW = 20% of site width

Height: Height of the proposed house

X30 = Building fronts the front yard
X31 = Building fronts the public road way
AG: Attached Garage

LA: Lane abutting the site

S yardR: Side yard right

@

ﬂ:n the design /
project drawing

Extracts project and -
site conditions

Determine applicable city bylaws
for project

Building Information
L\Dafibase

Extracts city bylaws

City bylaws

Extracts drawing data

requirements

Database

Check compliance with city bylaws

*Check maximum principle building area
*Check maximum accessory building area

*Check front yard
*Check rear yard

« Checks the sideyardR
* Checks the sideyardL

A

*Error message
« Highlight and chang
color of error objec

City bylaws compliance
site plan

—

Figure 3-12: Site Plan Checking Process

In the proposed methodology, the calculated minimum requirements are used for two

purposes: 1) to provide input data to

the automation module, which develops city

bylaws compliance building pocket, and 2) to check the yards of the site plan. The
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checking of site plan is a comparison of features of the drawings and city bylaws
minimum requirements. During the process, instances of the minimum requirements
of city bylaws are extracted from the city bylaws database while drawing
characteristics are stored in the building information database. illustrates the site plan

checking process.

3.7 Integrated Building Codes Assistance Module

The main focus of this research is the automation of the development permit approval
process based on city bylaws. However, preparation of construction plans need to be
compliant with the National Building Codes of Canada (NBC). Integrated Building
Code Assistance provided in the prototype is based upon the National Housing Code
(NHC) of Canada 1998 and Illustrated Guide. The National Housing Code and
Dlustrated Guide (NRCC,1998) presents the “National Building Codes of Canada
1995” requirements for self-contained, single detached, semi detached housing with
self-explanatory illustrations. The guide is divided into 16 divisions corresponding to
16 parts of NHC 1) Start-up; 2) Foundation; 3) Floor Framing; 4) Room and Space
Dimensions; 5) Means of Egress; 6) Fire Safety and Control; 7) Wall System; 8)
Roofing; 9) Windows, Skylights and doors; 10) Fireplaces, Chimneys and Flues; 11)
Insulation, Air Barriers Systems and Vapor Barriers; 12) Mechanical System; 13)
Plumbing and Electrical facilities; 14) Interiors Finishes; 15) Exterior Finishes; and
16) Garages and Carports. The NHC contains the extracts from the NBC 1995 that

apply to housing and is best on illustrations.

Residential buildings must be designed and constructed to to provide the required
amount of space to suit the intended use of all rooms and allow adequate headroom to
suit typical uses of room,to accommodate people, furniture, and appliances while still
allowing movement within a room or space, and to form the basis of the prescribed
minimum requirements in the code. It is also intended that all dwelling units contain
certain types of room for specific purposes. Every dwelling unit must have at least one

separate bathroom and space for a function such as sleeping, the preparation and
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eating of meals, and a living area must be allocated with the minimum required ceiling
height, floor area and dimensions. Ceiling heights, floors area and minimum
dimensions are measured between finished surfaces. Minimum floor area does not
include closets or built in bedroom cabinets unless stated otherwise. Two or more
adjacent areas are considered to be a combination room if the wall dividing them
occupies less than 60% of the separating plane. Figure 3-14 illustrates these

conventions as they apply to the code.

Adjacent rooms are considered
combination rooms if less than
60% of seperating plane is

occupied by a diving wall
(8.5.1.4)

Area of closet or built—in~bed
roorn cabinets are gemerally not
included in minimum floor oregs

(9.5.1.3)

Measurements are
taken between finishes
surfaces (9.5.1.2)

Figure 3-14: Requirements for Dimensions & Areas for Rooms and Spaces

The developed system provides assistance on “Room and Space Dimensions” division
which lists the minimum ceiling height, floor area and dimensions required for variety
of intended uses. The code requirements for minimum ceiling heights, floor areas and

dimensions are illustrated in Figure 3-15 through Figure 3-17.
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Living Room 23 m o

(7°6") over No dimension less than 3m

at least L (9107 ; N ;

75% of

required T~

floor

area(9.5.2.1}

Clear helgpt/c\f 2.1 m(6'11") preq:
at any point 13.5 sq. m (145 sq fL)
or
11 5q. m (118 sq ft), where living is
combined with o kitchen and dining area
and contains sleeping accomodation for
not more than 2 persons
Note: no minimum dimensions applicable
(9.5.3.1)
DmngRoom No dimension less than 2.3m {7'7") except
for a kitchen/dining area, or dwelling unit
/ contoining sleeping occomodation for two
people max.(25.4.2)

23 m L 2> —

{7'8") over

at least iy iy

75% of

required

floor

area(9.5.2.1) Clear height”of 2.1 m(6'11%)

Area:

area(9.5.2.1) Clear height”of 2.1 m{6'11")
at any point

at any point 7 sq. m (75.4 sq fi)
or
3.25 3q. m {35 sq ft), when combined
with anather space(9.5.4.1)
Kitchen P
23 m y
(7'8") over
i
o O *
required / 4.2 aq. m {45 sq ft.)
tioor or

3.7 sq. m (40 sq ft)for dwelling unit
containing sleeping sccomodation for
not more than 2 persons (9.5.5.1)

Figure 3-15: Room Minimum Requirements: Height, Space and Dimensions (1/3)
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Bed Room No dimension less than 2.3m (7'7") except for a
kitchen/dining area, or dweliing unit containing
(Qxlon 1) sleeping accomodoation for two people

Min 50% of required floor max.{9.5.4.2) :
T amrea 23 m (7'7") height
(477 - pmiimn ey over at least 50%
| of required floor 5
I 1 eQ
Ny |

Area:
7 sq. m (75.4 sq ft.)
or

Only portion of floor having a

ceiling height of 1.4 m(4'7") or 3. ' f
more con be inculded in floor area cuﬁbisr'\qed rclit(hains‘:(halr)' when
caleulations

space(9.5.4.1)

No dimensgion less than 2.7m

{(8'10")

2.1m(6'11"Jheig é__

over 100% of
BadRoom required f|00\

orea (9.5.2.1) \
(Option2) Arec: 9.8 sq. m (105 sq ft.)
or
8.8 sq. m (95 sq fi), where built in
cobinets are provided
Note: where bedrooms provided, at least
1 must be aize of master bed

room(9.5.6.2)
B&l’[’cxxn Sufficient space to accomodate
fixtures
2.1m{s'11")
£ i
anyone
would \ rea
normally S y .
pace must be sufficient to
stand / accomodate a water closet,
(9.5.2.1) lavatery and bathiub or shower
stall.
{See Plumbing and Electrical
Facilities)

Figure 3-16: Room Minimum Requirements: Height, Space and Dimensions (2/3)
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Unfinished

1.95 m(6's")
Basement min. height

Including under beams, i
d ™~
Laundry Area p:::it: i \

laundary area
and in passage No minimum area required

to laundary
areas (9.5.2.1)

Storage
Garage gverheqd .
rArac
i Qeam I?
» =
Dimensions N g d
AB.C, musf »
be atleast Minimum size as required for
2m{9.5.2.3 e g N Intended use
Passage Hall,
Main Entrance
Vestibule, Cleor height
. of 2.1m{6'11) ]
Mezzanine at any paint Passage, halls and vestibules al least
and Fnished N equal to doorway width

Roomnot This clear \
. height required
specifically above and

. below o
mentioned mezzanine
amVe ﬂoor (9.5.2-2)

Figure 3-17: Room Minimum Requirements: Height, Space and Dimensions (3/3)

The minimum requirements as shown above are drawn in CAD drawings, which are
stored on depository (hard drive). A query system is developed based on Space Name
and User requirements, i.e. query for space, query for dimensions, query for both
space and dimensions. Based on combinations of queries, the CAD drawing

representing the minimum requirements is accessed from the repository.
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4 IMPLEMENTATION OF PROPOSED METHODOLOGY

This chapter describes the implementation of the methodology proposed for
developing an integrate system with CAD, which is shared by key players in the
housing industry (the A/E, the approving authorities, and the sales representative) and
used in their respective areas. It also explains the design, hardware and software
requirements and functions of the developed prototype. A detailed description of this

prototype encompassing advantage and limitations is also provided.

4.1 Prototype Design

The Integrated System with CAD (ISCAD) is a prototype for automating the
development permits approval process; it provides significant gains in productivity
and accuracy over current practices. The prototype is centered on the concept of
development of central repository (information processing module and central
databases), which is shared by the A/E, the approving authorities, and the sales
representative and employed in their respective areas. It consists of a user-friendly
CAD interface, an automation module, a IP module and two databases: 1) Building
Information Database, and 2) City Bylaws Database as shown in Figure 3-4.
AutoCAD is linked with the databases using data access objects (DAO), which stores
drawings and project information. Automation in the CAD environment for the
purpose of drafting is achieved by customizing AutoCAD, which takes care of routine
and repetitive operations making them simpler in an automated manner. For
automation in CAD, visual basic for application (VBA) is utilized to automate the
design of lot size. The building codes clauses for design of a house are explained in
the integrated building code assistance module, which provides a better drafting
environment. To facilitate the comprehension of features within the application, a
series of captured screens are used to illustrate the developed prototype. The following

section explains the implementation of the components of the developed prototype.
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4.2 Development of Databases

Project information, drawing data and instances of city bylaws are stored in the two
databases. The tables of the databases are accessible to the system designer but hidden
from the end user. One significant advantage of storing data in an external database is
that it makes project data easily available to all participants in the housing industry.
The following section explains the implementation of the databases used in the

prototype.

4.2.1 Development of building information databases

This aims at developing the database schema utilizing the ER-diagram by mapping its
entities, relationships, and attributes within DBMS. The proposed data model as
presented in the ER diagram supports seven entities and their relationships. Each
entity and each relationship has been structured and its related attributes have been
added. Figure 4-1 shows the tables and their relations used in the building information
database. Each entity is assigned its data type (text, numeric etc.), its constraints, and
its data integrity functions. Each table has its own key attribute(s) or foreign key(s).
For example, Project table has 18 different attributes describing the project, its owner,
its legal address and ProjectID, which identifies each project stored in the database.
Similarly all entities and relationships are mapped into tables. These relations are
actual links that have been defined in the Microsoft Access. The bold key indicates the
primary key in a table, and a connector line between two tables indicates a
relationship. The main table in the database is the Project table, shown in Figure 4-2.
The construction project must have one site, so the Site table is weak entity of the
Project table. Site’s shape attribute is multi value attribute, so two table: pie shape and
plot shapel, are dependent on the Site table. The new houses have buildings on site,
which are categorized in two types: 1) principle buildings and 2) accessory building.
So the building table has one to many relationships with both Accessory Building and
Principle Building table. Each table has its own function. The following is a

description of each table in the database, listed in alphabetical order.
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Height

Corner Building
BuildingFrontsFro
BuildingfrontsPub

ProjectDescrif
ProjectBeginD
ResidentialZor

Legaladdress AttachedGarrage
ProductID TypeofHouse
ProjectOwner ProjectID
StoredLocatio_:‘J Frontyard
RearYard
SideYardL
SideYardR
SideYard
ProjectiD
- RightSidePlotDepth
ProtectD - e RightSidePlotDepthAngle
RightSidePlotDepth RearSideWidth
RightsidePlotWidthangle RearsideWidthangle
RearSideWidth LeftSideDepth
RearSidewidthAngle LeftSideDepthAngle
LeftSideDepth ArchRadius -
LeftSideDepthangle Centralangle hd|
FrontPlotWidth
FrontPlotWidthangle

Figure 4-1: Mapped Entities in Access Database

4.2.1.1 Tables in the Building Information database

Project: This table has primary key ProjectID, which is a combination of plan, block
and lot number, and stores project information such as project owner, legal and city
addresses. It links to the Building table by storing its primary key. Building permit
applicant data such as contact person and fax number is also stored. Other relevant
information such as the residential zone of the proposed house and its stored location
(path of saved drawing) is also stored in the table. Figure 4-2 lists the attributes and
their data type for the project table.
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Broject:Table e
Field Name [ Datatype | Desctiption la

¥ |ProjectlD Text » Stores the ProjectID for project ]

| __|ProjectDescription Memo -

| |ProjectBeginDate Text

| __|Residentialzone Text . Type of Residential zone

_|Legaladdress o Text o

| |ProductID . Number ~ FromBuilding Table

| |ProjectOwner Text

|__|Storediocation ‘Memo . Stares file path of drawing stored in computer

|| Applicant's Bussiness Name  Text

r_J Contact Person Text

| |Phone Number

_4 Fax Number

| > iMailighddres Text

| _|PostalCode Text _

| __{Project Address Text ) Project's city address

| |[Lot Number Lot Number

| _|Block Number Block Number

| |Plan Text Plan Number i

Figure 4-2: Data Type for Project Table’s Attributes

Building: Similar to the project table, building table contains the characteristics of the
building proposed for the site; these characteristics are divided in two categories of
attributes: 1) non-derived attributes, and 2) derived attributes. The user at the start of
the project enters non-derived attributes such as height, corner building, building
fronts, and type of house. Derived attribute such as SideYard is sum of two attributes

i.e. SideyardL and SideyardR. The ProjectID links the table to the Project table.

Site: This table is a weak entity and is dependent on the ProjectID. It stores site
characteristics having both derived and non-derived attributes i.e. area and lot width.
PieShape & PlotShapel: tables store the lot data of shapes 1111 and 1110 respectively.
The lot shapes are values of multiple attributes of attribute shape belonging to the site
entity. ProjectID identifies the lot shape tables, a weak entity of the Site table. As
discussed in the methodology, shape 1111 represents the rectangular, pie shaped,
wedge shaped and other four sided lot shapes. PieShape and PlotShapel consist of 9
and 8 attributes respectively, which represents the measurements and angles of each

shape.
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Principle Building & Accessory Building: This table stores the area of the site used for
the construction of principle and accessory buildings respectively. Both tables have

primary key, which is derived from the ProjectID.

4.2.1.2 Queries in the Building Information database

The flow of information from the Building Information database is divided in three
categories: 1) from CAD environment to database; 2) from database to CAD
environment; and 3) updating data. Figure 4-3 illustrates the flow of information
throughout the prototype. The Building Information database consists of 11 parametric
queries, which fulfills various functions in the prototype.

Table 4-1 shows the list of queries developed in the prototype, which are activated by

DAO.

Architect’s Office

Lot Data
City Bylaw
Instances

Drawing Data §
Project &

Drawing Data

6
)

Building City Bylaw

Update Drawing
Instances

Data "| Information

City Bylaws
Database

Database

\JT__/x City Office
Project & Project &

'Drawing Data  Drawing Data
City Bylaw
Instances

Sales Office

<

Figure 4-3: Data Transactions in the Prototype
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Table 4-1: List of Queries in the Building Information Database

1 ShapeQuery Determines the lot sh;be

Determines site and building characterstics,yard values for
2 PieShapeQuery | 1111 lot shape

Determines site and building characterstics,yard values for
3 _3 PlotShapelQuery | 1110 lot shape
4 § BuildingHeight Determines the height of the proposed house
5 g PieShapePlotData| Determine the lot data for lot shape 1111from BID
6 § ShapelPlotData | Determine the lot data for lot shape 1110 from BID
7 FindlL.ocation Extracts the paths of saved drawing from BID

Determines data from BID and information is labelled in site
8 LabelQuery plan
9 ProjectData Stores the extracted drawing data in the BID

Populates the site/building characterstics at the start of the

10
SiteConditions project

Update
Queries

11 UpdateQuery Updates the extracted drawing data in the BID

Note: BID represents the building information database.

The AddNewData function creates new instances for project in the building
information database; it create the ProjectID for Project, Building, Accessory Building
and Principle Building tables and also stores lot data in the shape table, depending
upon shape of the lot. The attributes describing the site and building characteristics are
kept blank; Update queries such as ProjectData and SiteConditions populate the
database as A/E progresses in the site plan design. Select queries are used to extract

the data from the building information database.

4.2.2 Implementation of the City Bylaws database
The City Bylaws database stores the instances of the city bylaw provisions, which are

stored in the ResidentialZoneData table. The 28 attributes of the table stores the
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minimum requirements for the site width, the side yard, the height etc. in four
residential zones. Figure 4-4 lists the name and description of the attributes of the
ResidentialZoneData table. Figure 4-5 is captured screen of the sample of instances of
the ResidentialZoneData table. The Database RF1query is used to extract the instances
of city bylaws from the City Bylaws database.

% Microsoft Access - [ResidéntialZzoneData: Table]:~ "+ - -

Fle Edit View Insert Tools Window Help

E-BERV iR | oy #>HmNBa-0.
P
| Field Name Data Type
& Text Name of the residential zone
| MinSiteArea Number Stores minimum area required for each 2one
| |MinSitewidth Number Stores minimum site width for each zone
| [MinsiteDepth Number Steres minimum site depth for each zone
|__|MaxHeight Number Stores the height requirements for each zone
| _|MaxSiteCoverage Number Stores the site coverage requirements

MaxPrincipleBldarea Number Staores principle building area requirements

E MaxAccessoryBldarea Number Stores accessory building area requirements
|__|MinFrontYard Number Stores front vard requirements
|__{MinRearYardl Number Stores the rear yard requirements for diffenerent conditions
|__|MinRearYardII Number Stores the rear yard requirements for diffenerent conditions
| {TotalSideYard Number Stores the total side yard requirements
| |SideYardI Number List the side yards requirements for different conditions
| |SideYardII Number
|| SideYardIIt Number
|__|SideYardlvy Number
| |SideYardy Number
}_ MinSiteAreal Number
|__|MinSiteAreall Number
| MinSiteWidthI Number Stores a minimum site width requirement for a particular condition
| [MinSiteArealli Number
| _|MinSiteArealV Number
| |MinSiteAreaV Number
|| MinSiteWidthIl Number
|| MinSiteWidthIIl Number
%_ MinSiteWidthIv Number
| |SideYardvI Number List the side yards requirements for different conditions
| MInSidewidth Mumber

Figure 4-4: List of Attributes of the ResidentialZoneData Table

[ Microsoft Access< [ResidentialzaneDatas Table] i oo v B T TE e
|ED Be ER Vew Insert Fomat Recods Tooks Window Heb

M- B ER¥spRY ~[ANNYET Arx B4 (0
ZoneNan] MinSiteArea] MinSiteWidth | MinSiteDepth| MaxHeight |MaxSiteCoveriNaxPrincipleH MaxAcces] MinFrontYard ] MinRearYardl |
D 30 12000 3000 10000 40 B 2 6000 7500
| _[RF2 360 12000 30000 10000 40 s} 12 6000 7500
| |RF3 360 12000 30000 10000 40 3 12 6000 7500
RSl 312 10400 30000 10000 45 0 0 5500 7500
%] 0 0 0 0 0 ] 8 0 0

Figure 4-5: Sample Instances of the ResidentialZoneData Table
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4.3 Storing of Lot Data in the ISCAD System

Figure 4-6 shows a captured screen from the Integrated System with CAD for storage
of lot data in the central database. The New Project tab shown in Figure 4-6 contains
three frames: Search ProjectID, Project Data and Store Lot Data. The mouse click on
the Search Existing Project button in the Search ProjectID frame accesses the building
information database and verifies the existence of lot data in the database. A mouse
click on the Search Existing Button activates the ProjectData query in the building

information database and makes the search for the Project ID entered by user.

An Integerated Know!edge Based System with.CAD - AL M T
CAD Environment l City Office Environment | Sales Oﬁ' ice Envnronment I
New Project I Building Codes | City BylLaws ] Application Form |
- Search Project ID ~££5i325? Bautsasiness
Project ID 0323578 28 1
l I r Contact person [ Mr. Robert
Add a new Project | Search Existing Project ' Phone { 780-424 1489
~ Store Lot data Fax [ 780-424 5799
Lot Shape Select Lot Shape v .
P l "J Builder Name [ Jommex Corporation
, Project Owner rHommex Corporatior
Shape Sn i 510, 10020, 103 ave
Information System form Mailing Address r ' e
Store Data
Exit ‘ IA”
Project Conditions InputBox

Figure 4-6: Interface for Lot Data Entry Process

If the database does not store the lot data, a message emerges on the screen, then the
user needs to store the lot data in the database. Selecting the Add a New Project button
displays the Store Lot Data frame, as shown in Figure 4-6. The Spin System button
launches a web link to the spin system website, which displays the preliminary details

(shape of lot, corner building) of the proposed site. The shape information button
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provides details about the lot shape which function in the developed prototype. The
mouse click on the Shape Information button displays the shapes available in the

prototype. The captured screen of available lot shapes is shown in Figure 4-7.

Avalable lotShapes

Shape Description

Shape
Name Roar Sido
C_Lotwith o CRaar Side Lot Wiith B
= &
§ S/
1111 |3 s 3
S| |Buitding| |3 R Building
& Pocket | (& ﬁf Pocket
® 3
; R/
D :;o:;t' I:I:: Al! Front Slda Lot Width A
y D Pie Shaped
g.eott:tangular Wedge Shaped Plot Plot

1110 o s

Buliding
Pocket

Figure 4-7: Available Lot Shapes in the Prototype

The combo box Lot Shape lists the shapes available in the prototype. When “lot
shape” from the lot shape combo box is selected and the Data input form button is
clicked, the data input form for the selected shape is displayed. Figure 5-2 shows the
input data form for the shape 1110, which is composed, of three sides and an arc at the

front side of the lot, as shown in
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Figure 3-8. The bearings and length of the three sides are stored in text boxes. All
bearings are full circle bearing measured from the north and are stored with an
accuracy of seconds. The length of each side is entered in a textbox corresponding to
the side. The mouse click on the OK button activates the Add NewProject function,
which creates a new ProjectID in the project table of the building information
database. Corresponding ID are also created for other tables. Other attributes of the
table remain blank; these are populated later as the drafting of drawing progresses.
The lot data is stored in a table based on the lot shape. Figure 4-8 shows the input data
form for shape 1111, which refers to four sided shapes including rectangular, pie,

wedge and other four sided lot shapes.

Input Data Form For Rectangular, Wedge of Pie Shaped Plat © - 712 % 500 P

fPll bearings are full circle bearing measured From North | UnitofLingar ~ . € Millimeter
- - ... ‘Meagurements @ Feet
~ Lot Dimensions -
Side Name Bearings Length B
Qegree Minutes Second Feet
AB |272 {03 [ 16 [12329 || ¢C
Bc |177 |04 |18 | 55 _3 "%
) Buildin
o [e2 [0z [e [11850 A\ pocket
DA | 02 | 03 | 16 | 55
: D Lot Width A
OK I EXIT I ’ Pie Shaped Plot

Figure 4-8: Input Data Form for Lot Shape (type 1111)

4.4 Implementation of the Automation Module

The automation module provides facility to the architect to accelerate the preliminary
drafting process; it draws the preliminary lot boundary and city bylaws compliance-
building pocket automatically in the CAD environment. AutoCAD is customized for
optimal use by designing a user interface, toolbars and pull-down menus, which have
advantages such as fewer time consuming tasks, automation of the repetitive tasks,

ease of use, allowing less skilled operators to handle design load, and more faster and
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accurate designs which adhere to standards. The section given below explains the
procedure for storing input data in the building information database from the

subdivision plan.

Drawing of lot size in AutoCAD: This is achieved by the automation module; it starts
drawing from the starting point (arbitrary point 0,0,0) and draws the right side of the
lot. The end point of the right side is considered to be the start point for the rear side,
and the rear side of the lot is drawn. Other lot sides, such as the left side and the front
side, are drawn in the anticlockwise direction. The lot shape is drawn in the closed
polyline represented by distinguished layer, the parameters such as the site width and

area of the lot are calculated, these are used for verification of the city bylaws.

Drawing of the building pocket: Based upon the project conditions, the IP provides
parameters such as side yardR, rear yard, side yardL and front yard. The dimensions of
lot size and calculated yards are used as input for the VBA module designed for
automatic drawing of the building pocket. The offsets are drawn of the right side and
rear side at distances side yardR and rear yard respectively. The intersection of theses
two offsets gives one corner of the building pocket; other corners of the building
pocket determined by finding the intersecting points of offsets for other sides in an
anti clockwise direction. The automation module draws the building pocket in the
Bldpocket layer. The building pocket is converted into polyline and the area of the
building pocket is determined. Specific layers, i.e. Principal building, Accessory bld,
Front yard, Rear yard, Side yardR, Side yardL and Bldpocket, are created
automatically and are used in developing the site plan.Table 4-3 lists the functions and

their purposes developed in the automation module.
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Table 4-3: List of Functions used in the Automation Module

R s
Based upon shape, site dimensions are collected from the
1 | Selectedshape building information database, these are input for the
drawing of the lot shape

(o]
i

2 | PieorWedgeShapedPlot Plots four sides for lot shapes (1111) in CAD Environment

Draws building pocket incompliance with city bylaws for

3 | PieShapedBIdPocket _Draws
lot shape 1111 in the CAD Environment

4 | PlotShapel_Dimensions Labels drawing dimensions automatically

5 | PlotShapel_Draw Plots four sides for lot shape (1110) in CAD Environment

Draws building pocket incompliance with city bylaws for
6 | PlotShapelBldPocket_Draw . .
lot shape 1110 in the CAD Environment

Extracts the data from the building information database
and labels the CAD drawing

7 |Label

4.5 Implementation of IP Module

As discussed in the methodology section, IP module is placed in central repository,
which is used by the A/E, the approving authorities at the city office and the sales
representative at the sales office. IP module performs three functions: 1) evaluates the
feasibility of the proposed house; 2) calculates the minimum required yards; and 3)
checks the compliance of site plan drawings to city bylaws. The primary advantage of
the IP module is its instant accessibility to the participants in the residential industry; it
will automate the building permit application process and will also eradicate the

redundancies involved in the process.

Evaluating the feasibility of a housing project: This involves verifying features of the
proposed model with the minimum city bylaw requirements before starting the
drawing in CAD environment. The minimum requirements checked by IP in this
section are function of the type of land use and the residential zones; the parameters

verified in the section are: 1) the height of the proposed building; 2) the site area; 3)

62

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



the width of site; and 4) the depth of site. The requirements for the aforementioned

criteria are listed in Table 3-5.

Calculation of side yards: The input data of building conditions such as attached
garage (yes/no), lane abutting the site (yes/no), frontage of building (either in front
yard or public road way), and height of the proposed building are collected from the
user input data form. This set of conditions constitutes a case and is based upon the
case minimum requirements for yards are determined. Table 3-20 lists the possible

cases of new housing project with minimum requirements.

The IP module checks the city bylaws in the site plan drawing and highlights the non-
compliant objects in the drawing. The IP module consists of three types of function
developed in Visual Basic Language: 1) the 24 cases of possible site conditions; 2)
city bylaws provisions defined in the form of functions; and 3) function to identify the
objects in the drawing, to change their color and to highlight the objects. The city
bylaws provisions for front yard, rear yard, principle building, accessory building and
side yards are encoded in the form of the function. Based on the project conditions, the
IP module selects one case out of 24 cases and the required functions describing the
minimum requirements are activated. Next, the drawing data, which is collected from
building information database, is compared with the minimum requirements of the city
bylaws. If any non-compliant part is found, then the function is activated which
highlights and changes the color of the non-compliant object to magenta. The
functions such as FrontYardError and RearYardError identify the objects in the
drawing based upon the layer used by the designer. The changes in the properties of
objects such as the change of color to magenta and the highlighting of objects indicate

an error in the objects.
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Table 4-5: List of Functions Used in the IP Module

Y ;,"-t{\x i‘ﬁ % 1T _n
Collects site condmons and based upon case (24 cases),
CitybylawsCheckingll min values of front yard, rear yard, side yard are aliocated;
1 this becomes input for the drawing of the building pocket
Contains 24 cases and, based i
CitybylawsChecking N ase upon - input
2 conditions(Case), checks drawing for city bylaws
Selects the rear yard line from drawi nd highli
RearYardError . y 'ng and highiights the
3 rear yard in the drawing.

o o Selects the principle building polyline from drawing and
PrincipleBuildingError o )
4 highlights it.

o Selects the accessory building polyline from drawing and
AccessoryBuildingError

5 highlights it.
i Selects the accessory sideyardL line from drawing and
SideyardRError o ]
6 highlights it.
i Selects the accessory sideyardR line from drawing and
SideyardLError L .
7 highlights it.
PrincipleBuilding- Ensures that site coverage does not exceed 40% of total
8 | AreaError site area
o Ensures that the site coverage does not exceed 28% of
PrincipleAreal .
9 total site area

10 | CornerRearYardChecking| Ensures rear yard not less that 4500

11 | AccessoryAreaChecking | Ensures area under accessories does not exceed 12%

12 | Extraction Identifies the object and extracts data from CAD drawing

4.6 Integrated System with CAD

ISCAD is a proof of concept prototype developed for automation and checking of a
drawing for compliance with city bylaws based upon methodology outlined within this
thesis. The developed prototype consists of two central databases (the Building
Information database and the City Bylaws database), the Automation module, the
Information-Processing module, and the Integrated Building Codes Assistant module.

The following section presents: 1) design requirements; 2) functionality of the
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prototype; 3) hardware and software used for the prototype; 4) system components;

and 5) system advantages and limitations.

4.6.1 Design requirements
The current practices and limitation outlined in chapter 2 exposes the wastages and
redundancies existing in the development permit approval process and indicate a need
for the development of an integrated system. The efforts in developing the “proof of
concept” were suited to the requirements of the housing industry for a development
permit approval process. The basic components and features within the application are
based on the requirements that emerge from the traditional processes of preparation,
submissions and approval of the development permit for a new house and as well as
selling of that house to its prospective owner. Although limited in scope, the integrated
system is a model that meets core processes integration requirements. Another
requirement is a central database that holds the project data, drawing data and city
bylaws instances. The design requires:

= Development of a better drafting environment.

= Automation of the drafting procedure.

» Storage of city bylaws instances in a database that can be easily modified.

= Development of an automatic CAD checker for site plans.

4.6.2 Functionality of the prototype
The system’s functions are directly aimed at eradicating the limitations of current
practices in the housing industry, as discussed in chapter 2. The solution to existing
problems leads to automation, building codes assistance and automatic checking of
drawings for compliance with city bylaws.

» The CAD integrated prototype application automatically draws the lot size, and

a building pocket in compliance with city bylaws and labels drawings.
=  Building code requirements, as illustrated in “National Housing Code of Canada

1998 and Illustrated Guide”, are provided to A/E during the drafting of drawings.
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® The system compares the data of the proposed model stored in the building
information database with minimum requirements stored in the city bylaws
database and non-compliant objects in the drawing are highlighted and an error

message appears on screen.

4.6.3 Hardware and software requirements

The implementation of the system in the “proof of concept” utilizes the following
specific software applications: AutoCAD 2002 (Architectural Desktop 3.3), Microsoft
Access, Visual Basic Application in AutoCAD, and Data Access Objects. The main
objective of application choice was to choose the specific applications that are most
readily available to small builders so that all can be benefited. AutoDesk’s AutoCAD
is the most commonly used software for drafting purposes in the residential industry.
The choice for strong and powerful DBMS results in a choice of Microsoft Access.
Visual Basic for Applications is designed specifically to provide development
capabilities inside an off-the-shelf application. AutoCAD provides full support for
VBA with the release of R14 and can be customized to meet user requirements and
integrated with other VBA-enabled applications; this providing additional
functionality and program improvement, leading to reduction of time consuming tasks,
automation of repetitive tasks, query-links between applications, program features
enhancement, low-cost options replacement, and the use of verification tools. VBA’s
ability to link various programs together allows a user to share or access information,
making detailed queries and easily generates custom report. DAO is an application
program interface (API) available with Microsoft Visual Basic; it allows a
programmer to request access to a Microsoft Access database. DAO is Microsoft's
object-oriented interface with databases encapsulating Access’s Jet functions; it can
also access other Structured Query Language databases. In other words, choice of

applications is not a restriction within the implementation.
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4.6.4 Prototype description

An Integrated Based System with CAD is an automatic CAD drawing check system
developed according to the methodology discussed in the previous chapter. In
addition, it also provides a better CAD environment for drafting a drawing, and also
integrates the processes carried out in architect/engineer’s office, city office and sales
office environment. ISCAD is linked to both AutoCAD 2002 and Microsoft Access
through Data Access Objects, and is supported by a user-friendly interface developed
in AutoCAD VBA. Three tabs describe three environments: 1) the CAD
environments; 2) the city officer environment; 3) the sales office environment. Each
tab has sub tabs that call up entry forms and processes carried out in each
environment. The following section describes the processes carried out in each

environment.

4.6.4.1 CAD environment

In the developed prototype, the CAD Environment tab provides functions that are
involved in the preparation of development of a permit for a new house and its
submission to the city office. This menu has four sub tabs: 1) New Project; 2) Building
Codes; 3) City Bylaws; and 4) Application Form. The end user of this environment is

the architect/engineer.

New project tab have two functions, the addition of new lot data in the building
information database and the drafting of a site plan for a new house. The user i.e. A/E
enters the ProjectID which is PIB. Seven text boxes allow the project data to be
entered; this information is required in the building permit application form. A mouse
click on the Project Conditions input box button displays the Input Site Condition
Form, as shown in Figure 4-9. The site conditions and characteristics of the new house
are entered here. The controls behind the mouse click event ensure that lot data is
stored in that database and users have provided all the required information in input
boxes.The Input Site Condition Form asks for information about the residential zone

and the type of the land use and as well as the building and site characteristics. The
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Residential Zones combo box presents residential zones in which a house can be
constructed and the combo box presents six options for residential zones: 1) Single
Detached Residential Zone (RF1); 2) Residential Small Lot Zone (RSL); 3) Low
Density Infill Zone (RF2); 4) Planned Lot Residential Zone (RPL); 5) Low Density
Development Zone (RF3); and 6) Semi Detached Residential Zone (RF4). The Type
of land use combo box tells the user possible types of houses in specific zones. For
example Single Detached Residential Zone (RF1) gives permission for the following
types of house: Single detached housing, Residential sales center, Semi detached
housing, Duplex housing, and Secondary suits. Building Characteristics, a frame in the
Input Site Condition Form, enquires about the characteristics of the proposed house.
This frame contains the Check Box Yes, a check box to determine the attached garage
option, and a text box for the height of the new house. Site Characteristics, another
frame, contains two check boxes and one option button. Two check boxes labeled yes
in the frame determine corner building and lane abutting the site option respectively.
Clicking on the Draw PlotSize button starts the sequence of processes: storage of
project data in the database, evaluation of feasibility of the project, drawing of the lot
size in AutoCAD, calculation of side yards, and drawing of the building pocket.
Before starting theses processes, coding behind the Draw PlotSize button ensures that
the user has entered residential zones, type of house, and height of the building for the

new house. Figure 4-9 is a captured screen of Input Site Condition Form.
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Figure 4-9: Building and Site Conditions Input Data form

Storage of project data in a database: This involves the storage of project data, site and
building characteristics in the building information database. As explained in the
methodology, each lot in the database is allotted a ProjectID and its building
components instances are kept blank; these are populated as the design proceeds. The
SiteConditions query developed in the building information database is accessed using
DAO objects, which populate the blank instances of the given project. Evaluation of
the feasibility of the project involves checking the new project for requirements such
as minimum height, minimum site width, and minimum area in residential zones. The
IP module evaluates the project and if the new project’s characteristics do not meet the
requirements, an error message is displayed on screen and user cannot proceed with
the design project. Drawing of lot size in AutoCAD is the drawing of lot size in the
AutoCAD environment. The Automation module, which is VBA coding, is used to
draw the lot size automatically. Calculation of side yards is one of the main functions

of the IP module. Based on project conditions, which are extracted from the building
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information database, IP selects one case and calculates the minimum yards
requirements. Drawing of the building pocket is similar to the process of drawing of
lot size, The calculated yard values are passed to the automation module, which draws
the building pocket in AutoCAD in compliance with city bylaws. Figure 4-10

illustrates the process carried out for the development of the building pocket.

5 Input Data;
(ProjectID, building, lot characteristics)

Extracts lotdata | Building

from database Information

3 Database

- - Draw lot boundary in CAD environment

City Bylaws and - Calculate site area and lot width Storage of building
Building Code and lot characteristics

Database >

”
a

Extracts requirements

Project data compliant
with city bylaws(I)?

—-lghanges recommended

Extraction of minimum requirements
for fyry,syL.syR

A
Draw building pocket
in CAD environment

Figure 4-10: Processes Used to Determine the Building Pocket Dimensions

Note: For definition of city bylaws (I) checking see figure 3.2

Completion of Drawing: This involves completing the site plan, which identifies the
buildings and other features in relation to the property boundaries. The site plan
provides lot and building setback dimensions, property corners, and information on all
accessory buildings, such as the size and location of garages, tool sheds, and the
location of easements, utility locations, North direction indicator, lot area, existing

structures on site, and surface drainage. The site coverage is divided into two
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categories, principal building area and accessory building area, and is shown in
Principal building and Accessory bld layers respectively using polyline in the
AutoCAD environment. The aligned linear dimensions of front, rear, and side yards
are created in Front yard, Rear yard, Side yardR, and Side yardL layers to show

building set back dimensions.

The Building Codes tab, as shown in Figure 4-11, contains 16 sub tabs, corresponding
to the 16 divisions of the housing guide. The Room and Space Dimensions tab
provides minimum requirements of ceiling height, floor area, and the dimensions
required for a variety of intended uses. The Room or Space Name combo box stores a
list of nine intended uses of space such as living room, dining room, storage room, and
garage. The combo box Find lists the name of criteria for which a user might want to
perform a search. It lists three types of criteria: height of the room, floor area, room
dimensions and both. The click event on the Run Query button activates the code
behind it, which selects one case from 26 cases and loads the corresponding CAD
drawing in the interface. The picture frame loads the Building Codes illustrated

drawings, which are stored in the computer disk.
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Figure 4-11: Illustrated Building Code Interface Module

The City Bylaws tab, as shown in Figure 4-12 performs the following functions:
opening of existing drawings in AutoCAD environment, storing of CAD Data in the
building information database, checking of site plan to city bylaws and labeling of the
CAD drawing. The button Link to City of Edmonton website navigates a City of
Edmonton’s website in a new window citing city bylaws applicable to a new house. In
the frame Checking of City Bylaws, the site plan drawing is checked; this involves
extraction of drawing data, storage of drawing data in the building information
database, and checking of the site plan drawing data. The activation event of the form
leads to a search in building information database and all ProjectID stored in the
database are displayed in the ProjectID combo box. The user selects a ProjectID and
clicks on Store Data button. The code behind the button ensures the storage of the

drawing before saving the data. If the drawing is not stored, a message is displayed to
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the user regarding storing the drawing. The storing of data involves three processes:
opening the site plan in the AutoCAD environment, extracting data, and storing it in

the building information database.

\n Integerated Knowledge Based System with CAD " e
CAD Environment ,Cﬂy Office Environment | Sales Oﬁ' ice Envuonment I
New Project ] Building Codes  City Bylaws lApphcatlon Form ]

— General Information — — Checking of City ByLaws

. Non-Basic Shape
ProjectlD | Available ProjectiD in database  ¥|  Projct T

Link to City of
i Edmonotn WebSite

Check Drawing

Label Drawing

Exit ' Open l Store Data

Figure 4-12: City Bylaws Tab Interface

Opening the site plan in the AutoCAD environment: This process is activated by a
click event on the Store Data button. The query FindLocation, extracts the path of the
saved site plan from the building information database and this path is passed to the
open function, which opens the selected project in the AutoCAD window. The
extraction module identifies the objects from the layers used and the properties of
objects, such as the area of a closed polyline object; measurements of DimAligned
objects are found using VBA programming. The query UpdateQuery populates the
instances related to drawing information that are kept blank in the process of storing

lot data. The mouse click on the Check Drawing button, calls the [P module, which is
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used for checking the site plan drawing and which highlights and changes the color of
non-compliant objects in the drawing. The process of checking and labeling the site
plan, as well as the drawn site plan is submitted as a part of building permits

application.

4.6.4.2 City office environment

The approving authorities at the city office access the information about the project
(submitted for building permit approval) from the central database and use the IP
module to check the site plan’s compliance to the city bylaws. The decision regarding
issuing of building permit is made instantly. The approving authorities enter the
ProjectID in three text boxes as shown in Figure 5-12. The building permit approval
process is carried out in two steps: 1) Checking the compliance of the site plans
drawing with city bylaws and 2) Generation of the building permit. Clicking on the
Checking of Drawing button calls the IP module to check the site plan. The IP module
highlights and changes the color of non-compliant components of the site plan

drawing.

4.6.4.3 Sales offices environment

The Sales Office Environment tab, as shown in Figure 4-13 provides sales
representatives with a valuable assistance in checking the compliance of site plan with
the city bylaws. At the sales office, the sales representative accesses the instances of
the approved design model stored in the building information database. The ProjectID
combo box lists all ProjectiDs stored in the central database. The user selects the
ProjectID in the combo box and clicks on the open button to open the site plan
drawing in the AutoCAD environment. As per requirements, the changes in CAD
drawing are completed and updated in the building information database. The
updating of changes is completed in two steps: 1) Extraction of data and 2) updating
the data in the database. The click event on Update Existing Project activates the code
behind the button, which performs extraction of the drawing data process. The

extracted data is passed to the data flow module, which updates instances of the
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existing project stored in the building information database. The Verifying Changes
button, checks the compliance of the changed drawing with city bylaws. IP module is
used for verifying the changes made in the drawing. The changing and highlighting of
non-compliant parts provides an instant answer for its compliance with city bylaws.

Table 4-7 lists the name function and corresponding uses developed for the prototype.

An Integerated Knowledge Based System withCAD ~ . ., L SRR Y e o
Intelligent CAD Environment | City Office Enwronment Sales Ofﬁce Environment ]

— Sales Officer Intelligent Assisstant .
i |
ProjectiD | Available ProjectiD in database ~| ]
i

Update Existing Project Verify Changes Generate General Report

Exit

Figure 4-13: Sales office Environment Interface
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Table 4-7: List of Function Used in the Prototype

Collects  project information from  Building
1 |CityOfficerExtractionofData | Information Database for City Officer

Collects  project information from  Building
2 [SalesOfficerExtractionofData | information Database for Sales Officer
3 |DatabaseRF1 Collects instances from City bylaws
4 [Calldatabase Opens the database using DAO objects

Runs two function l.e. Extraction and
5 [Transaction StoreProjectData

Stores project conditions (entered by user) to
6 |DataStore building information database

Collects the existing projects in a database and
7 |ProductiDQuery shows all projects in combo box

Populates lot dimensions of the shape, while other

instances are kept empty. The other instances are
8 jAddNewProject populated after the design
9 [StoredProjectData Stores the drawing data in the database

Converts input data for lot dimension into metric
10 |ConvertDataFourSidesShape | system and this data is stored in a database

Converts input data for a lot dimensions into metric
11 [ConvertDataPlotShapel system and this data is stored in a database
t2 |UpdateQuery Updates data in building information database

Collects the address (path) of stored projects and
13 |OpenProjectl open it in the CAD environment for the City Officer

Collects the address (path) of stored projects and
14 [OpenProject open it in the CAD environment for the Sales Officer
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4.6.5 System advantages and limitation

The proposed system aims to provide a common platform for the participants of
housing industry and also to provide the assistance for checking the compliance of
drawings with respect to the city bylaws. The advantages and limitation of the ISCAD

are listed below:

Advantages:

1) Open system layout: The conceptual model is developed to be application
independent and may be implemented anywhere in the AutoCAD
environment. It is developed using the Visual Basic for Applications,
which is added to AutoCAD at no extra cost.

2) DAO provides a dynamic processing environment. DAO (Data Access
Objects), a Microsoft object-oriented interface with databases, provides a
dynamic processing environment by encapsulating Access's Jet functions;
this enables AutoCAD to access and manipulate the records in the central
database without opening the DBMS. Furthermore, any entries, changes
and data processing are dynamically updated in the database. This is an
advantage particularly to the approving authorities as well as to the sales
representative.

3) Building code assistance: Building codes assistance contains residential
construction-code information illustrated in the CAD drawings gathered
from the National Housing Code of Canada 1998 and Iustrated Guide.
This provides a better drafting environment and facilitates the search for
building code provisions.

4) Central database storing information of all housing projects: The central
database stores information (metadata) and electronic files related to
project information, and drawing data; this allows the project participants
to access information. The ease with which stored data can be accessed is

one of the key tangible advantages of the proposed model. Enabling project
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participants to access the stored data in a central format ensures
consistency, integrity and accuracy for the various uses of the data.

5) Automation: The drafting of the building pocket and the labeling of the site
plan automatically saves time for the preparation of each building permit
application. Checking of the site plan compliance with city bylaws
improves the productivity and efficiency of the existing development

permit approval process.

Limitations:

1) Considers limited shapes: The proposed methodology is based upon the
classification of shapes and storage of lot data in the central database. As
explained in the methodology section, there is variety of shapes from
simples one to complex ones. The developed system consists of automation
of two shapes, which covers 60-65% of lot shapes in the subdivision plan.

2) Provides limited building codes assistance: Although, the prototype
interface have sixteen menus corresponding to the sixteen divisions of the
National Housing Code (NHC) of Canada 1998 and Ilustrated Guide; but

it provides assistance only on the “Room and Space Dimension” provisions

listed in the NHC.
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S CASE STUDIES

This chapter makes use of up-to-date "real world"” case studies to validate and verify
the developed system. Case studies are presented in this chapter demonstrating the

effectiveness of the developed prototype.

The objective of this chapter is to demonstrate the validation and verification of the
proposed methodology, which is used to develop the ISCAD system. The validation of
the developed system started from inception and proceeded to completion, testing the
system’s individual components against their intended use. Illustrative case examples
are used to manifest the function of the prototype, which also verifies its functions.
The following functions have been validated in the prototype:

Storage of lot data process.

Automatic drafting of lot shape and building pocket in AutoCAD.

Extraction of drawing data.

Checking the compliance of the site plan drawing with the city bylaws.
Updating the drawing data in a building information database

Data flow from AutoCAD to databases and vice versa

Database queries

®© NS R

Overall system integration

5.1 Case Examples for Storing Lot Data Process

The case examples have been chosen to illustrate the essential features and operations
used in the storage data process developed in the ISCAD system. This example has
been extracted from the subdivision plan having plan number 022 6762; it covers a
2.81 hectare area and was registered on Novemberl, 2002. The plan shows a survey of
subdivisions of part of N.E. ¥4 SEC. 30, TWP. 52, RGE. 25, W.4 Mer and N.-W. %
SEC. 30, TWP. 52, RGE. 25, W4 Mer, all within N. %2 SEC. 30, TWP.52, RGE.25, -
W.4 Mer., Edmonton, Alberta. Lewis Estate Communities is the registered owner of

the subdivision plan; all distances are expressed in meters and decimals thereof and

79

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



distances along curved boundaries are arch distances. The following section describes

a case example of the storage of lot data in the building information database.

5.1.1 Search for existing project

Proceeding with the integrated ISCAD system, the search in the building information
database is made to verify the presence of a new project to be entered in the central
database. The user entered the ProjectID in the Search Project ID frame and a mouse
click on the Search Existing Project button performed a search in the building
information database and a message was displayed on the screen. The message
appeared on screen verified that the central database does not store the ProjectID to be
entered. When the Add A New Project button is clicked, the Store Lot Data frame

appears on the same interface is shown in Figure 4-6.

5.1.2  Verification of lot shape

Verification of lot shape is the checking of the lot shape in the subdivision plan against
the available shapes in the prototype. The Available Lot Shapes form provides the list
of shapes available in the prototype, and also illustrates the methodology developed
for tagging shape name as shown in Figure 4-7. The mouse click on the Spin System
button in the Store Lot Data frame provided an access to the Alberta Land Titles
website. By performing the search on the web site, a subdivision plan showing the lot
dimensions was downloaded. Figure 5-1 shows a view of the subdivision plan
showing the details for a house lot having plan number 022 6762, block number 22,
and lot number 29. The figure shows the details of the lot number 29 having block

number 22.
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Figure 5-1: Subdivision Plan of the Case Study

A careful look at the lot shows that it consists of three sides and an arc at the
front. The methodology used for the classification of lot shape in the prototype
classifies it as 1110. Then raw data was prepared for the lot. Table 5-1 lists the

parameters of lot shape 1110.

Table 5-1: List of Lot’s Parameters Used in the Case Study

3i
AB | Right Side | Line 78.612 | 180d16'32” | N.A. NA.
BC | Rear Side | Line 55.944 | 120d46'10" | N.A. NA.
CD | LeRSide | Line 39287 | 57d01°52” | N.A. N.A.
DA | Front Side Arc N.A. N.A. 15.00m 7271 m
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5.1.3 Input data and its storage in the database

The lot shape details were collected from the subdivision plan and the lot shape was
selected from the Select Lot Shape combo box. The mouse click on the Data Input
form button displayed input form for PlotShapel lot shape. The lot details were filled
into the Input Data Form for PlotShapel input form. Figure 5-2 shows the captured

screen of the input form having lot details calculated above.

The Input Data form for the PlotShapel form disappeared when the OK button was
clicked on. The lot details are saved in the central database; Figure 5-3 shows the
captured screen of the Project Table, showing that a new ProjectID has been created.
The instances of the new added project are kept blank; these are populated as the

project design progresses.
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Figure 5-2: Input data form for Storage of Lot Data
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Figure 5-3: Project Table Showing a Newly Added ProjectID

5.2 Case example for the Development Permit

The following project has been chosen to both illustrate and describe the essential
features of the developed prototype; the case study also verifies and validates the
functions of the prototype. This case demonstrates how the system is used for
preparing and checking the drawing of the site plan for lot shape that are available in
the prototype. The case has been extracted from the actual project developed by
Ahassan Sukkareih, a builder in Edmonton, and has Lot #144, Block #8, and Plan
#022 5750 in the Haddow Stage-14B, Edmonton, Alberta. It is a two-story house
developed in the single detached residential zone (RF1). Appendix C contains the site

plan submitted to the City of Edmonton respectively.

The conceptual design of ISCAD was developed after thorough interviews with
architects and engineers. The interviews consisted of reviewing city bylaw
requirements and the drafting procedures adopted for the design of a site plan for a
new house. The need for an integrated system for a better drafting environment, and

automation of the building permit approval process was confirmed.

The architect/engineer (A/E) at Pals Surveys & Associates drafted the site plan for the
proposed house. Drafting the site plan involved drawing the lot shape in CAD
environment. The lot data for the plan was extracted from the subdivision plan. Taking
into consideration the residential zone, and conditions such as the building on the .
corner, the height of the building governed the side yard calculations and building

pocket for the proposed house was drawn. Performing side yard calculations and
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drafting the building pocket manually is a time-consuming process. The plan for the
buildings proposed on the site was drafted; the offsets for the proposed building were
provided from the existing building. Then drafting of the construction plan was carried
out, and drawn according to the minimum requirements of the building codes. The
non-availability of building code assistance in CAD environment compels the A/E to
look to other resources in order to check the minimum requirements. As is required,
the building permit application form, including the application form, the site plan, and
the construction plans, was submitted to the City of Edmonton office for approval. The
submitted application was added to the City of Edmonton database for records. The
approving authority (Development officer) verified the compliance of the site plan
with the city bylaws. The verification of the site plan involved the determining the
minimum requirements applicable to the project, a task that was also performed by the
AJ/E during drafting of the site plan. The development officer approved the site plan as

it complied with city bylaws.

5.2.1.1 Preparation of the development permit with the ISCAD system

Search Existing Project: The case example utilized in this section takes into
consideration the preparation of development permit for a new house to be constructed
on the site. To proceed with the integrated system ISCAD the existence of lot data in
the database was checked. Figure 5-4 is a captured screen of the message generated

after performing the search for the ProjectID in the building information database.
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Figure 5-4: The Results of the Search for the ProjectID

The building information database stores the dimensions of the lot data under the
ProjectID, a combination of plan number, block number, and lot number. As discussed
in the previous section, the lot data not stored in the database needs to be entered using

the storing lot data process described in section 5.1.
Entering of Project Data: The project related information is filled in the text boxes and

are stored in the central database for future use. Figure 5-5 is a captured screen of the

interface with project data for the case study.
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Figure 5-5: Project Information Data Entering Screen

Entering the Site and Building Characteristics: The mouse click on the Project
Conditions InputBox Button displayed the Input Data for Project and Site Conditions
form as shown in Figure 4-9. The case example is a two-storey house with an attached

garage to be constructed on the site, which is a middle lot with lane abutting the site.

Drawing of Lot Size and Building Pocket: After entering the project and site condition
into the Input Data for Project and Site Conditions form, a mouse click event on the
Draw PlotSize opened “AEC Arch (Metric-Int)” template in AutoCAD environment
and the lot size and building pocket were drawn automatically. Figure 5-6 shows a
message giving minimum requirements of yards displayed on the AutoCAD screen.

The minimum requirements are side yard calculation performed by the IP module.
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Figure 5-6: Yards Minimum Requirement Calculations

As explained in the methodology, the calculated side yard requirements are sent to the
automation module, which automatically draws the building pocket inside the lot.
Figure 5-7 is a captured screen of the automatically drawn lot size and building

pocket.
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Figure 5-7: Automatically Drawn Lot Size and Building Pocket

Completing the Site Plan: The site plan that shows the dimensions of the proposed
project site, the location of the proposed building, and the existing facilities on the site
(power line, gas line, sewer line) was completed in specific CAD objects using
specific layers. The principle building to be constructed on the site plan was
represented by polyline object in the Principal building layer. Distances such as rear
yard distance, and front yard distance were represented in specific layers created by
the automation module. Figure 5-8 is the captured screen shot of the developed site

plan showing the principle building area for case study.
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Figure 5-8: Site Plan showing Principle and Accessory Buildings

70l

Saving the Drawing Data: As explained in the previous section, this is the process of
saving the drawing data in the Building Information database. The ProjectID combo
box the lists the ProjectID stored in the database. Figure 5-9 is a captured screen
showing the list of available projects in the database. A mouse click on the Store Data
button stored the lot data in the Building Information database; this involves the
extraction of data from the CAD Drawing and its storage in the Building Information

database.
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Figure 5-9: List of Available Projects in the Database

Checking of Drawing: Checking the site plan drawing with city bylaws before its
submission as a part of a building permit application assures that the building permit
will not be rejected. The mouse click on the Check Drawing button checked the site
plan drawing with respect to city bylaw provisions and a message appeared to notify

the user the state of the project with respect to its compliance with city bylaws.

Label Drawing: This option aims to accelerate the labeling drawings and setting
drafting standards for housing industry. Labeling process is divided into two parts: 1)
the basic data which needs to be provided for each project and 2) the information to be
provided regarding the individual case. The mouse click on the Label Drawing button
labeled the drawing for the basic information; input data for labeling is extracted from
the building information database. Figure 5-10, and Figure 5-11 show the site plan
with basic information and a site plan ready for submittal to city office respectively;

the actual plans submitted for the case are shown in Appendix C.
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Figure 5-10: Site Plan with Basic Information
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Figure 5-11: Site Plan Ready for Submission

5.2.1.2 Approval of the development permit with the ISCAD system

This process is carried out in the city

office environment where the approving

authorities are informed that a new permit application has been submitted for

approval. The ProjectID was entered in the text boxes as shown in Figure 5-12. The

approval of the development is carried out in two steps 1) checking of the drawing and

2) generation of the development permit. Checking the site for compliance with city

bylaws, a process, which uses the developed IP module, is completed. The mouse
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click on the Generate Development Permit button generates the development permit,

which is shown in Appendix D.

An Integerated Knowledge Based System'with CAD - et Ll
- CAD Environment  City Office Environment lSaIes Office Enwronment

i

r Building Permit Application Process
Plan# Block# Lot#

Submitted ProjectiD | 0225750 | 18 144

— Approval Permit Process

Checking of Drawing Generate Developmet Permit

Exit

Figure 5-12: Permit Approval Process

5.2.1.3 Verification of changes with the ISCAD system

As explained in section 4.6.4.3 (Sales Office Environment), ISCAD provides instant
feedback as to the feasibility of changes in the site plan. Figure 4-13 refers to the
interfaces developed for the sales office environment; these allow for the changes in
the site plan and for checking the site plan against city bylaws. The user (the
approving authorities) selects the ProjectID 022575018144 and a mouse click on the
open button opened the specific project in the AutoCAD environment. The front wall
of garage was moved one foot ahead as per the client’s request. A mouse click on the
Update Existing Project button updates the drawing information in the Building
Information database. Updating the drawing involves two steps: 1) extraction of the
drawing data and 2) updating the information in the database. Verification of changes
involves checking the modified drawing; the verification uses the IP module to check

compliance with city bylaws. The mouse click on the verification module verifies the
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changes made in the drawing. Figure 5-13 shows the highlighted non-compliant object
displayed by the IP module after checking the drawing’s compliance with city bylaws.
In this case, the answer that suggests non-compliant changes is immediately provided.

Thus the suggested change cannot be accepted.
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Figure 5-13: City Bylaws Violation: Non-compliant Object is Highlighted

5.3 Summary and Comments

The validation of ISCAD was performed with the case example. The aforementioned
case study verifies the effectiveness of the various components for their intended uses
and demonstrates the functions of the developed prototype. The proposed process
emphasizes the use of electronic documentation, automatic checking of drawings, and
automation by customization of CAD. The storage of drawing data in the central

database makes it readily available to participants in the housing industry. The most
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significant advantage of ISCAD is its capacity to integrate the processes carried out
for drafting the development permit, its approval process, and checking the feasibility
of changes with respect to city bylaws. Error and omissions are avoided by eliminating
redundancies and automating the processes involved in the preparation, submission,

and approval of the development permit.
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6 SUMMARY AND CONCLUDING REMARKS

6.1 Conclusion

The housing construction industry is slow to undertake research and development of
advanced computer technology needed to maintain the improvement of production
performance in the modern world. Demands for changes within the industry come
from both technological advancements as wells as different groups in the society.
Ever-changing environments coupled with increasing demand from society for houses,
necessitate a drive towards integration. Greater optimization of processes should be
achieved to bridge the growing gap between social needs and the residential industry’s
supply. A computer integrated system for the preparation and approval of
development permits for housing has been developed and presented in this thesis. The
system consists of an automation module, two central databases, the IP module, and
integrated building code assistance module. A user-friendly interface is developed to
integrate the processes carried by the participants in the residential industry. The
automation module allows the architect to accelerate the preliminary drafting process;
it automatically draws the preliminary lot boundary and a building pocket compliant
with city bylaws in the CAD environment. The city bylaws database stores the
instances of the minimum requirements in the residential zones. The building
information database stores the instances of the site plan. The developed databases are
relational database designed using Entity Relationship (ER) diagram and are
implanted using MS-ACCESS DBMS. Data access objects (DAQO) are used to
convey the information from the databases to the CAD environment and vice versa.
The information-processing module (IP) is a set of city bylaws provisions written
using IF-THEN statements in Visual Basic. The extraction module uses the Visual
Basic Application (VBA) to extract the data from the CAD drawing, and the IP
module compare the parameters of the existing drawing with the minimum
requirements of the city bylaws stored in the city bylaws database. In addition, IP is
accessible to all the participants of the project and is used to check the compliance of -

suggested changes in the site plan.
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6.2 Research Contributions
The contributions of this research can be summarized as follow:
= The proposed methodology minimizes the redundancy involved in the
development permit approval process.
= The research provides an intelligent CAD environment during the drafting of the
site plan for the development /building permits applications.
» The research paves the way for the setting of drafting standards for residential
industry.
®» The research provides a tool incorporating IP with a CAD model to automate the

city bylaws compliance drafting process.

In addition, the newly developed and implemented methodology is designed to assist
the AJE, the city officer, and the sales officer through the different stages of the
residential building project and it assists the A/E in preparing the development permit
applications. The developed IP is used for checking the site plan drawing’s
compliance with city bylaws. The storage of project information in a central database
allows the project participants to access information: enabling project participants to
access the stored data in a central format ensures consistency, integrity and accuracy

in the various uses of the data.

6.3 Recommendation for Future Research

This research presents a system that automates the development permit approval
process for the residential industry. The future expansion of the proposed model
includes the enhancement of the proposed methodology for the building permit
approval process. The following is a list of recommendations for future endeavors:

1. Develop a methodology to automate the construction plan drawing based on
parametric analysis. A simple menu based interface will allow the CAD
operators to search for CAD entities based on any combination of properties.
AutoCAD entities for example such as doors, and windows are the drawing

primitives grouped into objects with architectural design information
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associated with them. The properties of the objects will be governed by the
stated properties of the corresponding objects in the building codes.

2. Develop model class abstraction for each kind of architectural design element,
to be drawn and rendered in the CAD Environment. Also plan to use Virtual
Reality Modeling Language (VRML) and share the information stored in the
integrated database

3. Enhancement of the building information database: The development of an
IFC-compliant object oriented product model will provide a class for physical
as well as non physical objects encountered in the residential building project.
An object will also encapsulate procedures that can be used to describe
behavior of these objects. This could be used to store a richer kind of data and
knowledge product, including design, manufacturing and operational
parameters. The data stored in the building information database could be used
to develop project management functions including cost estimation, and
scheduling and to study the effect of possible changes on the estimating and
the scheduling.

4. Enhancement of the City Bylaws database: The enhancement includes the
development of an IFC compliance database that will store the instances of the
minimum requirements for the objects used for the development of drawings.

5. Enhancement of IP module: The enhancements in the IP module will include
the development of more functions that will check the constructions plan
drawing’s compliance with the building codes provisions.

6. Enhancement of Building Codes Help: The developed prototype provides help
only on the “Room and Space Dimension” provisions listed in the NHC. More
drawings illustrating the building code provisions could be added to assist the
draftsman in designing the plan and elevation drawings of the proposed model.
(See 4.6.5. System advantages and limitations)

Inclusion of more shapes: The prototype presented in this thesis consists of limited
number of shapes and inclusion of more shapes will increase the scope of the .

developed prototype. (See 4.6.5. System advantages and limitations)
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APPENDIX A:

Sub-division Plans
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Abut or abutting means immediately cbntiguous to or physically touching, and when
used with respect to a lot or Site, means that the lot or Site physically touches upon
another lot, Site, or piece of land, and shares a property line or boundary line with it.
Accessory means, when used to describe a Use or building, a Use or building
naturally or normally incidental, subordinate, and exclusively devoted to the principal
Use or building, and located on the same lot or Site.
Approving Authorities Both development officer and building codes safety officer
check the drawing compliance to city bylaws and building code provisions
respectively. The approving authorities include both development officer and building
codes safety officer.
Class A Permitted Development: This Class includes all developments for which
applications are required and are for a Permitted Use or Accessory Building or
activities and the Development Application complies in all respects to the regulations
of this Bylaw. Applications for Signs, accessory functions and the occupancy of
existing buildings on Sites regulated by a Direct Control provision and conforming to
that provision shall also be considered a Class A Permitted Development.
Class B Discretionary Development: This Class includes all developments for which
applications are required and are for a Discretionary Use or require a variance to any
of the regulations of this Bylaw. This Class of Permit also includes all applications on
Sites designated Direct Control not noted in Class A Permitted Development.
Corner Lot means:

1. driveways, aisles and parking lots unless they are part of a Parking Garage

which extends 1.0 m or more above grade; or

Edmonton Zoning Bylaw means a land use bylaw, as that term is used in the
Municipal Government Act.
Enclosed Front Porch means an entrance structure typically located at the front or
side of a Dwelling at the ground floor entry level, consisting of a roof and floor, where

the front and sides of the structure have been enclosed by solid walls or windows.
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Floor Area means the total Floor Area of the building or structure, contained within
the outside surface of the exterior and Basement walls, provided that in the case of a
wall containing windows, the glazing line of windows may be used.

Floor Area Ratio means the numerical value of the Floor Area of the building or
structure relative to the Site upon which it is located, excluding: (a) Basement areas
used exclusively for storage or service to the building; (b) parking areas below grade;
(c) walkways required by the Development Officer; and (d) Floor Areas devoted
exclusively to mechanical or electrical equipment servicing the development, divided
by the area of the Site.

Front Lot Line means the property line separating a lot from an abutting public
roadway other than a Lane. In the case of a Comer Lot, the Front Line is the shorter of
the property lines abutting a public roadway, other than a Lane. In the case of a Corner
Lot formed by a curved corner, the Front Lot Line shall be the shorter of the two
segments of the property line lying between the point determined to be the actual
corner and the two points at the extremities of that property line.

Front Yard means the portion of a Site abutting the Front Lot Line extending across
the full width of the Site, situated between the Front Lot Line and a line on the Site
parallel to it, at a specified distance from it, and measured at a right angle to it along
its full length.

Frontage means, where used with reference to residential development, the lineal
distance measured along the Front Lot Line; and where used with reference to non-
residential development, the length of the property line of any side of a separate
development which is parallel to, and abuts, a public roadway, not including a Lane,
which is directly accessible from the development. The Frontage of an individual
premise in a multiple occupancy development shall be considered as the total width of
the bays occupied by that premises which have exposure parallel to any Frontage of
the multiple occupancy development.

Garage means an Accessory building, or part of a principal building designed and

used primarily for the storage of motor vehicles and includes a carport.
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Height means, when used with reference to a building or structure, the vertical
distance between the horizontal plane through grade and a horizontal plane through:
Lane means an alley as defined in the Highway Traffic Act, 1980.
Living Room means any room in a Dwelling used for the common social activities of
the occupants, and designed for general living, whether or not combined with specific
activities such as dining, food preparation, or sleeping. Unless provided in such
combination, a kitchen or dining room is not a Living Room.

1. lot located abutting a public roadway, other than a Lane, which changes

direction at any point where it abuts the lot;

2. lot located at the intersection of two public roadways, other than Lanes; or
Mobile Home Lot means the space allotted for the installation of one Mobile Home in
any Mobile Home Park or Mobile Home Subdivision.

Parcel A specified area of land.
Permitted Uses means those uses of land, buildings or structures for which Permits
must be issued by the Development Officer, if the development meets all applicable
regulations.
Provided that in both cases the lot shall not be considered a Corner Lot where the
contained angle formed by the intersection or change of direction is an angle of more
than 135 degrees. In the case of a curved corner, the angle shall be determined by the
lines tangent to the property line abutting the public roadways, provided the roadway
is not a Lane, at the point which is the extremity of that property line. In the case of a
curved corner, the point which is the actual corner of the lot shall be that point on the
property line abutting the public roadway, provided the roadway is not a Lane, which
is nearest to the point of intersection of the tangent lines.

| Rear Lot Line means either the property line of a lot which is furthest from and
opposite the Front Lot Line, or, where there is no such property line, the point of
intersection of any property lines other than a Front Lot Line which is furthest from
and opposite the Front Lot Line.
Rear Yard means the portion of a Site abutting the Rear Lot Line extending across

the full width of the Site, situated between the Rear Lot Line and a line on the Site
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parallel to it, at a specified distance from it, measured at a right angle to it along its
full length.

Side Yard means that portion of a Site abutting a Side Lot Line extending from the
Front Yard to the Rear Yard. The Side Yard shall be situated between the Side Lot
Line and a line on the Site parallel to it, at a specified distance from it, and measured
at a right angle to it along its full length.

Site Coverage means the total horizontal area of all buildings or structures on a Site
which are located at or higher than 1.0 m above grade, including Accessory Buildings
or Structures, calculated by perpendicular projection onto a horizontal plane from one
point located at an infinite distance above all buildings and structures on the Site. This
definition shall not include:

Site means an area of land consisting of one or more abutting lots.

Site Plan shows where the buildings are located on the property.

Site Width means the horizontal distance between the side boundaries of the Site
measured at a distance from the Front Lot Line equal to the minimum required Front
Yard for the Zone;

2. steps, eaves, cornices, and similar projections;

Storey means that portion of a building, which is situated between the top of any floor
and the top of the floor next above it. If there is no floor above, the Storey is the
portion of the building, which is situated between the top of any floor and the ceiling
above it. If the top of the floor directly above a Basement is more than 1.83 m above
grade, such Basement shall be considered a Storey for the purpose of this Bylaw.
Subdivision Plan A plan dividing land into two or more parcels.

1. the average level between eaves and ridges in the case of a pitched, gambrel,
mansard or hipped roof, or a roof having a slope of more than 20 degrees;
provided that in such cases the ridge line of the roof shall not extend more than
1.5 m above the maximum permitted building Height of the Zone;

2. the highest point of the roof in the case of a building with a flat roof or a roof

having a slope of less than 20 degrees; and
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3. unenclosed inner and outer courts, terraces and patios where these are less than
1.0 m above grade.

Yard means required open space unoccupied by any portion of a building or structure
1.0 m or more above grade, unless otherwise permitted in this Bylaw. A Yard is not a
Setback, Amenity Area or Separation Space; and
Zone means a specific group of listed Use Classes and Development Regulations,
which regulate the use, and development of land within specific geographic areas of
the City. The Use Classes and Development Regulations are contained in Parts II and
IV of this Bylaw, and may be subject to the regulations contained in Part I of this
Bylaw, while the geographic areas to which they apply are shown on the Zoning Map,
comprising Part III of the Bylaw.
Zoning Bylaw Compliance Certificate ("Compliance Certificate") means a document
which may be issued by a Development Officer, upon request and upon payment of
the required fees, indicating that a building(s) located on a Site is (are) located in
accordance with the Yard regulations of this Bylaw and the Yards specified in
Development Permits which may have been issued for the Site. A Compliance
Certificate shall not operate as a Development Permit nor shall it approve any variance
to the Yard regulations of this Bylaw not previously approved;
Residential uses classes:
Apartment Housing means development consisting of one or more Dwellings
contained within a building in which the Dwellings are arranged in any horizontal or
vertical configuration, which does not conform to the definition of any other
Residential Use Class.
Duplex Housing means development consisting of a building containing only two
Dwellings, with one Dwelling placed over the other in whole or in part with individual
and separate access to each Dwelling. This type of development shall be designed and
constructed as two Dwellings at the time of initial construction of the building. This
Use Class does not include Secondary Suites.
Garage Suite means development consisting of a self-contained Dwelling located

above a rear detached Garage, which is Accessory to Single Detached Housing. A
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Garage Suite has cooking, food preparation, sleeping and bathing facilities, which are
separate from those of the principal Dwelling located on the lot. For the purpose of
this clause, "cooking facilities" includes any stove, hotplate, oven, microwave oven,
toaster oven or electric griddle, as well as any wiring or piping containing the energy
or power source for such facilities. A Garage Suite has an entrance separate from the
entrance to the rear detached Garage, either from a common indoor landing or directly
from the exterior of the structure. This Use Class does not include Secondary Suites.
Mobile Home means development consisting of transportable Single Detached
Housing which is suitable for permanent occupancy, designed to be transported on its
own wheels, and which is, upon its arrival at the Site where it is to be located, ready
for occupancy except for incidental building operations such as placement on
foundation supports and connection to utilities.

Row Housing means development consisting of a building containing a row of two or
more Dwellings joined in whole or in part at the side only with no Dwelling being
placed over another in whole or in part. Each Dwelling shall be separated from the one
adjoining, where they are adjoining, by a vertical Party Wall, which is insulated
against sound transmission. Adjoining rooms may or may not be Habitable Rooms.
Each Dwelling shall have separate, individual, and direct access to grade. This Use
Class includes Semi-detached Housing.

Secondary Suite means development consisting of a self-contained Dwelling located
in a structure in which the principal use is Single Detached Housing. A Secondary
Suite has cooking, food preparation, sleeping and bathing facilities, which are separate
from those of the principal Dwelling within the structure. For the purpose of this
clause, "cooking facilities” includes any stove, hotplate, oven, microwave oven,
toaster oven or electric griddle, as well as any wiring or piping containing the energy
or power source for such facilities. A Secondary Suite also has an entrance separate
from the entrance to the principal Dwelling, either from a common indoor landing or
directly from the exterior of the structure. This Use Class includes Conversion of
Basement space to a Dwelling, or the addition of new floor space for a Secondary

Suite to an existing Single Detached Dwelling. This Use Class does not include
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Duplex Housing, Semi-detached Housing, or Apartment Housing, where the structure
was initially designed for two or more Dwellings, and does not include Boarding and
Lodging Houses.

Semi-detached Housing means development consisting of a building containing Row
Housing consisting of only two Dwellings. This Use Class includes two family
Dwellings.

Single Detached Housing means development consisting of a building containing
only one Dwelling, which is separate from any other Dwelling or building. Where a
Secondary Suite is a Permitted or Discretionary Use Class in a Zone, a building which
contains Single Detached Housing may also contain a Secondary Suite. This Use Class
includes Mobile Homes, which conform to Section 78 of this Bylaw.

Stacked Row Housing means development consisting of Row Housing, except that
Dwellings may be arranged two deep, either vertically so that Dwellings may be
placed over others, or horizontally so that Dwellings may be attached at the rear as
well as at the side. Each Dwelling shall have separate and individual access, not
necessarily directly to grade, provided that no more than two Dwellings may share
access to grade, and such access shall not be located more than 5.5 m above grade.

This Use Class includes Duplex Housing and Row Housing.
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APPENDIX C:

Development Permit and Site Plan for Case Study
(See Page No 115 in Pocket)
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Page No. 115
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This document is a Development Permit and Building Permit for the development described below, subject to the luml:mons .
of this permit, of the Edmonton Land Use Bylaw 5996 as amended, of the Edmonlon Bulldmg Permit Bylaw 8664 as amend¢d
Alberta Building Code.

"o, Applicant

.condmons
d of thc )

Scope of Permit

To construct a single detached house with attached garage, deck and fireplace.

Permit Details
Affected Fleor Area (sq. ft.): 2865 Buildiog Height (m): 6.85
Class of Permit: Class A Froot Yard (m): 6.1
Home Design Type: 2-storey Rear Yard (m): 10,71
Side Yard, left (m): 1.55 Stde Yard, right (o) ¢ 1,55 .
Site Asea (sq. @) 581.4 Site Depth{m): 38 s
Site Width (m): 15.3 Stat. Plan Overlay/Annex Area: (gonc) ’

VWe cenify that the above oeted deails are correct.

Applicant signature:

N Development Permit Decision .
Approved o

Subject to the Following Conditions ]
Any future deck development greater than 0.6m (2f1) in height will require development and building permit approvnl

The height of the principal building shall not exceed 10.0m nor 2 1/2 storeys as per the height definition of Section 6. 1(33) of the
Edmonton Zoning Bylaw 12800. :

All yards, visible from a public roadway other than a lane, shall be seeded or sodded within eighteen (13) ..owsccumc months of
the issuance of an Occup:ncy Certificate for the development. Alternative forms of landscaping may be s"osmulcd for scedmz o
sodding as specified in Section 55.2(4)(b). -

“ e an
kN

Notes:
Lot grades must match the Engme‘.rcd approved lot grading plans for the area. Contact Drainage Services 2t 456- 5300 for Jot
grading inspection inquiries. ‘

The applicant is advised to ressarch the Land Title for this property and to be aware of any restrictions in the Restrictive Covzna
#022 353 491. This approval does not imply consent for any structure that does not meet the requiremenis of the Restrictive
LS Covenant. ' : T

Due 10 the roll face curb construction at this property, there are no requirements for a separate ¢urb crossizg permit under Section
1210 and 1211 of Traffic Bylaw No. 5590. Approval is given for the access under this Development Permit.

Rights of Appeal
This approval is subject to the right of appeal as outlined in Chapter 24, Section 683 through 689 of the Municipal Governinent
Amendment Act.

L The permit holder is advised to read the reverse for important information concerning this decision.
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&difionton

Fre

rroject Number:  35540011-UU:

Applicatica Date: NOV 10, 2000

Printed:
Page:

House Development and Building Permit

- December 8, 2603 a1 1:06 PN
20f%

Issue Date: Nov 10,2003 Development O

. Sianature:

Building Permit Decision
Issued

Conditions of Issuance

fTicer:

* Roof wrusses supplied by Westek Truss Systems.
* Floor trusses, beams and columns supplied by Trail Building Supplies.
* Comply with all notations on stamped plans.
* Grade beam and pile system 1o comply with supplied Engireer's design including the use of 135 foot piles under the point loads.
* Door between the garage and dwelling to be weatherstripped and have a self closing device.
* Ceiling between garage and bedroom to have an effective gas barrier instatied.
* The basc of all footings to have a minimum of 4 feet of frost pratection.

“ All frame walls that project into the 4 feet side yard to have a minimum 43 minute fire resistance rating.

* An interconnected smoke detector required on cach floor level including the bascment.
* Door to future deck to be secured.
* All required deck guardrails to be minimum 36 in. in height (42 in. high if deck is more than 72 in. above grade) & all spacas

between vertical members to be no more than 4 inches in width.

* Glass in guards shall be safety glass - laminated or tempered type conforming 1o CAN/CGSB-12.1-M "Tempered or Laminated

Safety Glass".

| Issue Date: Dec 08,2003 Safety Codes Officer.

Signature;

Fees
. Yiater Usage Fee
Building Parmil Fee
Eteclrical Fees (House)
Electrical Fee (Service)
Lot Grading Fee
Salety Codes Fee
Sanitary Sewer Trunk Fund
Electrical Salety Codes Feo
Total GST Amount;
Totals for Permit:

Fee Amount

Amount Paid

$53.80 $53.20
$1,502.00 $1,5C2.00
$144.50 144,50
$40.00 $40.C0
$105.C0 $105.0
$19.00 $16.0
$780.00 $7€0.00
$6.00 33.00
$0.C0
$2.660.30 $2,660 30

Receipt #
C361€0
Css180
035120
026180

[ B B
m
o

ot e
Lo TR L )
o m oo
O ©C O

Date Paid

Nov 10, 2CC3
Nov 10, 2C03
tov 1Q, 2003
Nov 10, 203
Mov 10, 2203
Mov 10, 2C03
Nev 10, 2C03
Hov 10, 2C03

R

The permit holder is advised to read the reverse for important information concerning this decision.
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APPENDIX D:

Development Permit Developed by the Prototype
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he City of

Qdmonton Projectp

Friday, June 18, 2004

House Development and Building Permit

This document is a Development Permit and Buifding Permit for the development described below, subject to the limitation and

conditions of this permit, of the Edmonton Land Use Bylaw 5996 as amennded, of the Edmonton Building Permit Bylaw 8664 as
Iamended, and of the Alberta Building Code. ' o

Applicant Property Address(es) and Legal Description
Sukkarieh Ghassan : 1606 - Haswell Co

214, 4615-106 A Street NW 0225750 18 144

Scope of Permit ' Y

To construct a Single Detached House with V! AttachedGarrage

Permit Details

Class of Permit Class A Ql'gi‘f_‘i‘;' i Future work

Frzomyard(mm) S432 Site Width: 15,300 Height (mm) 7500
RearYard (mm) 10.716 LotDepth: 38,000 SideYard (mm)  2.167
SideYardL (mm) 1,557 Site.Area (m~2) 581.40 SideYardR (mm) | 555

I/ We certify that the above noted detalls are correct.

Applicant Signature: -

Development Permit Decision

Approved
Subject to the Following Condition

Any future deck development greater than 0.6 m {2 ft) in height will require development and building permit approvals

The height of the principlé building shall not exceed 10.0 m or 2 1/2 storeys as per the height definition of section 6.1(33)
of the Edmonton Zoning Bylaw 12800.

All yards, visible from the public readway otherway than a lane, shall be seeded or sodded within eighteen (18)
.consecutive months of the issuance of an Occupancy Certificate for the development. Alternative forms of landscaping
may be subsituted for seeding or sodding as specified in Section 55.2 (4)(b).

NOTE

Lot grades must match the Engineering approved lot grading plans for the area.
Rights of Appeal '

This approval is subject to the right of appeal as outlined in Chapter 24, Section 683 through 689 of the Munciple
Goverment Amendment Act.

Note: Building Permit is future work for this prototype.
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