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Executive Summary
The future redevelopment of Mirvish Village in Toronto, being handled by Westbank Corporation, is
predicted to bring an increase of traffic volume to the Bathurst and Bloor area. At its current state,
Bathurst Street may not be able to handle the growing traffic flow. As a result, the Mirvish Village Task
Group (MVTG), formed by the Palmerston Area Residents Association(PARA), the Seaton, the Annex,
and Harbord Village, requested a design that will increase the safety of pedestrians and decrease traffic
congestion between Lennox and Bathurst. The scope of design was limited to the area enclosed by Bloor,
Borden, Harbord Streets and Palmerston Boulevard by the design team.
Firstly, it is important to consider those who have an interest in the project and will be greatly impacted
by it. Some of these important stakeholders include: City Planning, Westbank Corporation, several
Business Improvement Areas (BIA), and MVTG residents. With stakeholders in mind, the functional
basis was determined to optimize the flow of mass through discussion. From this functional basis, the
primary function to regulate and control traffic flow was established, which also branches into several
secondary functions such as, conveying information to users and directing the different kinds of vehicles
they may be using.
Based on these functions, objectives were generated using a howwhy tree. The team set a goal to reduce
disruption to traffic flow, and ensure the safety of pedestrians, vehicles and bicycles. The team also set to
try to maximize the satisfaction of current residents. Additionally, several construction regulations,
parking laws, and safety codes restrict the design problem. Furthermore, the design must operate in an
urban area so it must face the weather conditions of Toronto and the diverse population that lives there.
An overall increase of traffic volume is considered as well.
It was decided that these requirements were best met by the dedicated entrance/exit design using a
weighted decision matrix based on objective goals. This design entails altering Markham St. into a
oneway street heading north from Herrick St. to Bloor St. so that it can primarily function as an exit for
vehicles leaving the parking garage. And Lennox St. is altered into a oneway heading west from Bathurst
St. to Markham St. so that it can function as an entrance for the parking garage. As a result,with the help
of modified traffic light signals the flow of traffic within and out of the garage is strictly controlled. This
design also enforces the safety of many through the use of retractable bollards, slow speed zones,
contraflow bike lanes, and etc.
Relevant regulations that are associated with the design include City of Toronto Municipal Code, City of
Toronto Zoning Bylaw, etc. To test for how effective the design is against the key objectives: a collision
prediction model should be developed to test for safety, DYNASMARTP and TSISCORSIM
for traffic
flow, 
ASTM D6521  13 for durability. In order to implement the design, the plan must be approved by
Westbank and the City of Toronto, physical components must be bought and the people to install them
must be hired. The largest impact this design has on the environment was identified to be the amount of
resulting carbon dioxide emissions. The design does also account for colourblind drivers and considers
the norms of society regarding traffic (e.g Ontario traffic signs). Lastly, the key economic cost of the
design is due to the overall cost of physical components and their installation fees.
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1.0.

Project Requirements

The client, Mirvish Village Task Group (MVTG), is a coalition of Palmerston Area Residents
Association (PARA), Seaton, Annex, and Harbord Village. For this project, the client is
interested in a design that can mitigate traffic congestion at LennoxBathurst intersection.
Consequently, the scope has been defined as the area encompassed by Bloor, Borden, Harbord
and Palmerston (Appendix A).
1.1.

Problem Statement

The MVTG aims to gather residents’ input on Westbank Corporation’s proposed redevelopment
2
of the Mirvish Village site, which involves 1017 residential units, 17,555 m
of commercial
space, three underground parking levels (669 spaces), 962 bike spaces, a floor area ratio 6.25
times the site area [1,2]. Due to the future redevelopment in the northwest region of the
LennoxBathurst intersection, maximum possible traffic volume on Lennox can reach 766
vehicles/hour (beyond Lennox’s capacity) (Appendix B). The addition of Central Technical
School’s sports dome will also cause traffic congestion in the southeast region to increase. This
dome is expected to hold maximum 175 occupants/hour. Assuming full capacity during
operational hours (611pm weekdays; 6am12am weekends) and that each user will have their
own car, there will be about 10675 users/week [3,4]. Bathurst already faces a problem of
congestion and won’t be able to accommodate this future increase in traffic (Appendix B) [5].
The safety of many will be compromised if nothing is done. According to Chao Wang (doctoral
candidate), “traffic congestion is positively associated with the frequency of fatal and serious
injury accidents…[which] may be due, at least partially, to the high speed variance among
vehicles within and between lanes and erratic driving behaviour” [6]. The increase of traffic
volume will also introduce traffic noise to an otherwise quiet neighbourhood and cause parking
issues.
In conclusion, the LennoxBathurst intersection presents a gap as it is unable to handle the
additional traffic due to the proposed redevelopment. Hence, the client needs a design that
minimizes congestion and increases safety at this intersection.
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1.2.

Identification of Stakeholders

For this project, several groupstakeholders have an interest in the improvement of traffic flow in
the area and must be considered when generating solutions. Table 1 lists these stakeholders.
Table 1: Stakeholders  Interests and Impact
Stakeholder

Interest

Impact

City Councillors
Layton,Ward 19 and
Cressy,Ward 20 [7]

To govern the city and
legislate [7].
To represent public
interests, assigning city
staffs, and evaluate city
programs [8].

Must abide by building and
construction codes [section 1.5]

City Planning

To develop and review
plans, regulations and
projects through research
and public input. [9,10]

Should be up to City of Toronto
standards “from both a
community planning and urban
design perspective” [9,10]

Westbank Corporation

To develop highend real
estate, focusing on city
building and architectural
aesthetics [11,12].

Should comply with Westbank’s
plans and match their aesthetic
standards [11,12,13].

Mirvish Business
Improvement Area
(BIA)
Annex BIA
Harbord BIA
Korea Town BIA

To promote economic
developments in Toronto
via management and
financial supports
[14].

Should improve aesthetics and
safety of area. Should reduce
obstacles of local commercial
area development [14].

PARA, ARA, SVRA,
HVRA Residents

Preservation of current
livability of the
neighbourhoods [15]

Should improve livability of
surrounding area [15]

Transportation Services

Ensuring road conditions Should meet city of Toronto
are to a high standard and standards regarding maintenance,
streets are safe for all
safety, policies and planning. [16]
users while demonstrating
environmental, social and
economic farsightedness.
[16]

Should provide a service that
improves traffic [7].
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Toronto Transit
Commission

Improving punctuality,
reliability, financials and
safety and security of
Toronto transit [17]

Should support efficiency,
reliability, safety and accessibility
of public transport. [18]

Toronto Emergency
Services

“To provide high quality,
efficient and effective
emergency response
services” [19]

Should support efficient travel
throughout the area [20]

1.3.

Functions

Functions outline the purpose of the design. By determining the functions of the design, safety
and living quality of the neighbourhood will consequently improve. Listed below are several
functions that are essential in order to achieve this.
1.3.1. Functional Basis
● Optimize the flow of mass
1.3.2. Primary Function
● Regulate and control traffic flow
1.3.3. Secondary Functions
● Direct various traffic vehicles, pedestrians, and cyclists
● Convey information
● Minimize traffic congestion
1.3.4. Unintended Functions
● Enable special event opportunities (eg. parades, street hockey)
● Allows for graffiti
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1.4.

Objectives

The tables below display the design objectives, generated using a HowWhy Tree (Appendix C),
that should be aimed for when developing solutions. These will be used to compare tradeoffs
between traffic flow, safety and social impacts of various intersection designs (Table 2).
Table 2: Design Objectives
Objective

Metric

Goal

O1: Safe for pedestrians

Collision prediction model
(CPM) (pedestrian
collisions/6years) [21]

Less than 0.4 collisions/yrs
(Appendix D) [22,23]

O2: Safe for bicycles

CPM (Bicyclist collisions/5
years) [24]

Less than 0.15 injuries/5
years [22,23] (Appendix D)

O3: Safe for vehicles

CPM (vehicle collisions/5
years) [25]

Less than 7.5 collisions/5
years (Appendix D) [22]

O4: Minimize disruption to
traffic flow

vehicles/hour [26]

17 vehicles/min
NorthSouth and 13
vehicles/min EastWest
(team gathered data
extrapolation)

O5: Durable

Material Properties [27]

Meets standards in
ASTM D1073  11

O6: Improve aesthetics of area

Determined using focus
groups [28]

95th percentile should be in
favour of product [28]

O7: Maximize current residents’
satisfaction

Street parking spots
available

Should match current
availability of roughly 200
spots (±25 spots)
(Appendix H)
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1.5.

Constraints

Constraints set the absolute limitations of acceptable solutions for a given problem.They are
typically generated by the client, stakeholders and regulations,codes and standards relevant to the
design.
1.5.1 For the design to be feasible to implement, it shall abide by building and construction
codes set forth by the City of Toronto municipal code. Relevant sections include chapters 363
[29], 415 [30] and 629 [31].
1.5.2 For the design to support pedestrian, bicyclist and vehicular safety it shall:
● comply with City of Toronto municipal codes relevant to street layout. Specifically,
chapters 743 [32], 886 [33] and 950 [34]
● Follow ISO39001:2012 [35]
1.5.3 The design shall be compatible with City of Toronto municipal codes governing Parking
laws. Relevant chapters are 918 [36], 915 [37] and 950 [34].
1.5.4 The design shall be compatible with City of Toronto municipal codes governing Fire
Routes. Specifically, chapter 880 [38]
1.6.

Service Environment

Service environment describes elements of the area in which the design will function. The scope
is the area bounded by Bloor St. W, Borden St., Harbord St. and Palmerston Boulevard
(Appendix A) with a strong focus on the LennoxBathurst intersection in Toronto, Ontario.
1.6.1. Physical Environment
This project is physically restricted by the urban landscape and weather of the area. The elements
of the physical environment are identified and listed below (Appendix E).
● Current conditions of roads influence the speed of traffic and present safety issues (e.g.
street parking on sidelanes, bumpy edgelanes for bikes)
● Weather conditions, (i.e. rainfall and snowfall) affect vehicle, cyclist and pedestrian
safety.
● Current surrounding buildings and proposed future structures affect traffic volume

5
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1.6.2. Living Things and Transportation
People and transport options are key influences on the safety and efficiency of the design and
must be considered. Relevant elements are identified and listed below (Appendix F).
● Around 53,300 residents, mostly aged 2564 [39, 40]
● Streetcars, delivery trucks, residential and visitors’ vehicles drive through the area
● Current traffic volume causes congestion during rush hours. Future traffic volume
increase is predicted to worsen the situation (Appendix B).
● Pedestrians and cyclists frequently pass the LennoxBathurst intersection.

1.7.

Client Ethics and Values

The client, MVTG, is a committee formed to “provide a
ccurate, accessible and uptodate
information on the Mirvish Village redevelopment” and to communicate the neighbourhood’s
concern on the proposal to Westbank Corporation [1, 41]. In the interview with MVTG
members, it was clear that they heavily valued their community; they emphasized the wellbeing
of their neighbourhood, but are also hopeful with what’s to come [42].

6
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2.0

Detailed Design: Dedicated Entrance and Exit

The client, MVTG, needs a solution that minimizes future traffic congestion and ensures safety
for pedestrians, cyclists and vehicles. According to the client’s ethics and values (section 1.7),
the solution should not inconvenience local residents (e.g. low noise level and maintain street
parking spots), and should be aesthetically pleasing.
The Dedicated Entrance and Exit design (DEED) features reconfigured streets that eases entry
into and exit out of the parking garage by converting segments of Markham and Lennox as one
ways (Figure 1). The new street configurations and traffic signal timing strictly control the flow
of traffic so that the ideal flow rate is achieved on Lennox and Bathurst intersection (Appendix G
and see details in section 2.0.1), and majority of the traffic is directed away from the pedestrians
on Markham to reduce accidents. DEED also addresses the possible safety concerns that may
arise with the new traffic configurations (details in section 2.0.2). Table 3 evaluates advantages
and disadvantages of the design. Table 4 lists features related to key objectives.
Table 3: Evaluation  DEED
Objective

Description
Advantages

Disadvantages

O1

● Speed limit ensures safety
[43]
● Leading Pedestrian Intervals
(LPI) increases visibility of
pedestrians

O2

● See O1
● Contra bike lane increases
visibility of bicyclists [45]

O3

● Vehicles are directed [44]

● Initially unintuitive [44]

O4

● System prioritizes Lennox
traffic

● Decreased
maneuverability [44]

O5
O6

● Extra distance to
enter/exit
neighbourhood[44]

● Light bulbs replacement
every 8 years [46]
● Reduction of cars permits
green space
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Table 4: Features Related to Objectives
Objectives

Features

Traffic

● Separate entrance and exit
● Traffic light timing adjustment

Safety and Quality of life

● Separate pedestrian/cyclist garage
entrance and exit
● Retractable bollards and landscape
● Slow speed zone and speed radar
board
● Contrabike lane
● Leading pedestrian interval (LPI)
● Pedestrian walkway
● Upgraded Lighting
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Figure 1: Key Design Components
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2.0.1. Traffic Flow Considerations
Analysis of future traffic indicates that the current condition of Lennox (west of Bathurst) won’t
support the increased traffic volume introduced by the redevelopment site (Appendix B). The
separated garage entrance/exit puts stricter control on the flow of vehicles. This provides a
higher flow of traffic through the area as cars are directed along a set path. This also increases
the safety of the area because the path direct vehicles away from pedestrian traffic in the
redevelopment site.
1) Garage Entrance/Exit: Locations and dimensions of the entrance/exit is presented in Figures
2, 3. The distance from the entrance to Bathurst and the exit to Bloor can fit up to six family
vehicles or two Type “G” loading vehicles in each lane (measurements in Appendix E).
Assuming six family vehicles enter each lane every minute, both the entrance and the exit can
manage the goal (Appendix G). To accommodate entrance/exit only features, Markham St.
between Lennox and Bloor becomes a northbound oneway (Figure 3) and Lennox St. between
Markham and Bathurst becomes a westbound oneway (Figure 2).

10
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Figure 2: Lennox  Detailed
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Figure 3: Markham  Detailed

2) Traffic Light Timing Adjustment: Three signal phases, presented in Figures 4, 5, 6,
respectively, help manage traffic flow at the intersection. Phase 1, lasting 15 seconds, is
dedicated to traffic going to the garage. Figure 4 displays this traffic flow. Phase 2, lasting 12s,
begins after 3s of LPI, enabling eastwest movement (Figure 5). Phase 3, lasting 25s, begins after
6s of LPI, enabling northsouth movement (Figure 6). Timing of phases resolves local
congestion, and meets the goal of 17 cars going northsouth and 13 going eastwest (Appendix
G).

12
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Figure 4: Phase 1
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Figure 5: Phase 2
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Figure 6: Phase 3
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2.0.2. Safety and Quality of Life Considerations:
Safety is reduced with heavy traffic congestion in accordance with Wang’s doctoral thesis [6].
Consequently, safety was prioritized as an objective. DEED addresses potential hazards and
increases quality of life for the residents and visitors using combination of following features.
1) Retractable Bollards (Figure 7) & Urban Landscape (Figure 8): Both used as a barricade
between garage opening and neighbourhood (Figure 9). The bollards allow for bikes and
pedestrians to maneuver through and can be retracted for emergency vehicles by parking
attendants using a switch. By blocking the road, less traffic from Bathurst would travel
through the neighbourhood, making it safer and quieter [47]. Urban landscape brings in
aesthetic appeal as well.
2) Slow Speed Zone: Using signs, a speed limit of 20 km/h is set on Markham between
Herrick and Bloor (Figure 9). The slow speed zone and oneway direction disincentivises
using Markham as a shortcut between Bloor and Bathurst. A speed radar is also installed
to reinforce the speed limit (Figure 9). Consequently, Markham will become more
accessible to cyclists and pedestrians. It will also be safer as “speed reducers reduce
injury crashes by approximately 40%” [48].
3) Contra Bike Lane: Bikes enter parking garage near where cars leave garage on Markham
and vice versa on Lennox (Figure 2,3). Thus, bicyclists and drivers are always able to see
each others’ movements. According to City of Toronto, “These links act as valuable
neighbourhood connections for cyclists who wish to avoid having to cycle on busy
arterial roadways” [49]. It also allows avid resident cyclists to cycle freely and safely.
4) LPIs: Applied to traffic lights at Bathurst and Lennox (Figure 10). LPIs give pedestrians
the signal to walk several seconds before cars heading the parallel direction are given the
green signal [48]. “LPIs increase the visibility of crossing pedestrians and give them the
priority within the intersection” [50]. (Three seconds LPI Eastwest (Figure 5) and 6
second LPI North to South)
5) Pedestrian Walkway: Bicycle exit/entrance also serves as a walkway for pedestrians
(Figure 9). For parents dropping off their children at Randolph’s Academy, shortterm
parking will be available in the firstlevel of the parking garage. They can use the
walkway to access the Academy while being shielded from vehicles.
6) Upgraded Lighting: Replace all streetlights with new LED streetlight poles. Details
regarding these would be determined by the city of Toronto during implementation in
16
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accordance with Toronto standards. Increases visibility of road users and ranks high in
terms of relative effectiveness for pedestrian safety [21].

Figure 7: Bollards [51]
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Figure 8: Urban Landscape Example (taken from http://urbangarden.ca/buildwork/)
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Figure 9: Safety Details

Figure 10: LPIs. Image from [50].
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2.1.

Regulations, Standards, and Intellectual Property

This section identifies standards and regulations relevant to traffic and the construction of road
works in Toronto (see Table 5).. Since DEED only utilizes “off the shelf” parts, fees generated
due to patents are incorporated into the costs of the devices and are, therefore, not included.
Table 5: Standards and Regulations
Standard or Regulation

Description

Impact on Design

 363 IIII [29]

Administration codes for
building construction

 743 III, VII
[20]
 950 IVX [34]

Codes regarding
streetwork and traffic.

Design allows city to follow all
construction, safety, parking and
emergency route codes during
construction.

 910 III [52]

Codes concerning parking
machines/meters

 880 [38]

Codes concerning fire
routes

Chapters
Toronto
Municipal
Code

Toronto Zoning Bylaw
5692013, Ch.200 [53]

Parking space dimensions, Design supports implementation
accessibility, rates and
of parking spaces as described.
placement standards

Ontario Provincial Standards
for Roads and Public Works
Volume 1,2,7,8
[54]

Road construction
standards on materials,
drainage, electrical
devices, traffic safety,
environment and
construction.

Design supports adherence to
road and construction
regulations

Environmental Assessment
Act [55]

Outlines environmental
assessment process.
(Appendix I)

Design requires approval from
Ministry of the Environment and
Climate Change.

Highway Traffic Act
● Parts III, V, X
● Regulation 626
(Appendix J) [56,57]

Laws regarding parking
permits, garage licenses,
road usage and traffic
signals.

Design accommodates the
enforcement of laws outlined.

20
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O. Reg. 213/91
● Part II [58]

2.2.

Regulations for safety in
construction sites.
(Appendix K)

Design supports safe
construction environment and
conduct

Testing

The following table outlines tests used to evaluate the effectiveness of the proposed solution
given key objectives.
Table 6: Proposed Tests
Objective

Test Method

Description

Results

O1

CPM [21]

Customizable model with Pedestrian
a basic form
collisions/6 years
a1
E

(Λ) = a
Zexp( ∑ b
x
)
[21]
0
i
i
E
(Λ): Predicted collision
frequency
(a0, a1, bj, Z, xi):
parameters and variables.
(Appendix L)

O4

● DYNASMARTP
● TSISCORSIM
[59,60]

DYNASMARTP:
mesoscopic traffic
network planning
software.
TSISCORSIM:
microscopic traffic
simulation model
(Appendix M)

Graphical
simulations and
measures of
effectiveness.
(appendix M)
[same reference
as used in
appendix]

O5

ASTM D6521  13

Procedure to produce
residue that simulates
aging of inservice
asphalt. (Appendix N)

Estimate of
asphalt properties
after several
service years [61]
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2.3.

Implementation Requirements

Several accommodations, listed below, must also be fulfilled by the client and the city in order to
implement DEED.
●
●
●
●
●
●

●
●

●
●
●

Plan approved by Westbank Corporation and City of Toronto
Gather residents’ opinions regarding plan
Reconfigure traffic light timings [62]
Request for Traffic Calming from Transportation Services [63, 64]
Hire road paving company
○ Pavement functional overlays [65]
Purchase Physical Components:
○ Pedestrian Signals
○ Speed Radar Board
○ Street Lights
○ Road Paint
○ Concrete
○ Oneway/Slow Speed Zone/Stop signs
○ Retractable Bollards
Hire labour for installation of components
Hire urban landscapers for the: [66, 67]
○ Design of a site for pedestrians, but allows emergency vehicles and bicycles to
pass
○ Installation of bollards
Canada Post must be informed of construction as delivery may be interrupted [68]
Residents must be informed about the effect of construction on parking access [68]
Users must be informed of new traffic rules

22
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2.4.

Life Cycle and Environmental Impact

The lifecycle diagram indicates all inputs and outputs involved in the six primary processes.The
main inputs are energy and materials used and the major outputs are the emitted exhaust gases
(Figure 11). All related negative and positive impacts on environment are listed in Table 7.
Table 7: Environmental Impacts
Process

Impact

Mitigation

Legend

● negative
❏ positive



1)Transportation of machines
and materials

● 368.4 g/mile CO
, 9.4
2
g/mile CO
,0.693
2
g/mile NOx.[69]

Reduce machine usage and
amount of materials.

2)Power supply for lighting,
electronics and machines

● 0.91 g/kwh CO
2
emissions from
electricity generation
[70]
● 6.94 g/kwh SO
2
emissions [70]

Use LED lighting which
consumes 1/3 to 1/30 energy
of normal lights [71].

3)Painting roads and
maintenance

❏ Polyvinyl acetate used
in road paint
identified as
lowestobservedadve
rseeffect level by
United States
Environmental
Protection Agency
[72]
● CO
, SO
emissions
2
2
from transportation
[69]
● Exhaust gas produced
by machines with
diesel engine [73]

Use existing road paints to
reduce usage of polyvinyl
acetate.

4)Operation process

● 368.4 g/mile CO
2
emissions [69]
● 9.4 g/mile CO
emission [69]

Safety improvement for
cycling decreases use of
vehicles, details in 2.0.1.

23
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5)Implement green space

❏ One tree removes
Maximize green space. Drip
11793.4 CO
/year
irrigation can be applied [76]
2
[74]
● Exhaust gas produced
by machines [73]
● half a gallon per
square foot water
consumed [75]

6)Deconstruction process

● 230 g/hour fuel
consumed by a
marking removal
machine [77]

Use zerosulfur fuel for the
diesel engine [78]

Figure 11: Life Cycle Diagram
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2.5.

Human Factors

In order to address human factors, user stories were developed by the team (Appendix P). Key
factors are organized below:
● Physical:
○ Traffic light/signs are placed in driver’s line of view.
○ Garage entrance should prevent vehicles from exiting, and same to garage exit.
○ Handicapped:
■ Colourblind drivers: Positions of green, red, and yellow lights on traffic
lights (new and old) allows for easier identification
■ Wheelchair users: Enough space between bollards for users to pass
through (length necessary for wheelchairs to pass through is 81.28cm
[80])
○ Driver’s reaction time between observing a red light and braking suggests yellow
light before red [49]
● Psychological:
○ Traffic signs should be understood by the general public. Regulatory signs “are
usually rectangular or square with a white or square with a white or black
background and black, white or coloured letters [81,82]” (e.g Speed limit signs).
● Social:
○ Drivers and cyclists are able to see each other due to the contraflow bike lane
● Societal:
○ Bike riding is common. Bike lanes are added and the separated bike entrance and
exit protect cyclists from vehicles.
○ Drivers have an understanding of Ontario driving rules. Design must work
accordingly.

25
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2.6.

Social Impact

The proposed design will be serving the commuters, cyclists and pedestrians visiting the
redevelopment area as well as Mirvish Village residents.
Impact on users:
● Commuters
○ Time delay lessened for Lennox traffic, increased for Bathurst
● Cyclists/Pedestrians
○ Encouraged to bike/walk around the area
● Residents
○ Time delay existing neighbourhood
○ Safer, quieter, more aesthetic environment
● Retailers
○ More nearby residents would visit
Balanced concerns for stakeholders:
● Councillors
○ Design follows construction codes
● City Planning/Transit stakeholders
○ Design provides traffic management plan
● Westbank
○ Their proposal mostly unchanged
● BIAs
○ Source of consumers for retail stores will be guaranteed

26
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2.7.

Economics

In order to implement DEED, various costs must be covered. In the table below, these costs are
identified and categorized.
Table 8: Project Costs
Type of Cost

Expense

Estimated CAD Dollar
Amount

Capital Costs

Pedestrian Signals +
Installation

$974.73/signal* [47]

Speed Radar Board +
Installation

$12,526.57/board* [47]

Retractable Bollards

$718/bollard [51]

Street Lights + Installation

$5268.80/light pole* [83]

Signage + Installation

$395.16/sign* [47]

Road Construction

$73763.20/km* [84]

Urban Landscaping

$14,225.76  $38,462.24*
[67]

Reconfigure Traffic Light
Timings

$3267.75/intersection* [85]

Electricity

12.8 cents/kWh [86]

Traffic Light Maintenance

$10,000$15,000/traffic light
[87]

Disposal and
Decommissioning Costs

Disposing Concrete Debris

$246.32* [88]

Disposing Display Devices
(i.e. Traffic Lights)

$39.50 [89]

External Costs

Construction work hinders
traffic flow

N/A

Road construction  an
inconvenience for
homeowners

N/A

Fixed Operating Costs

* converted from USD to CAD. See Appendix Q.
27
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3.0.

Updated Project Management Plan

After receiving feedback and making the appropriate changes, this design will presented to the
client April 28, 2016 at 4:45pm in Bahen Centre Room 1210.
4.0.

Conclusion/Recommendation

The team was asked by MVTG to upgrade the LennoxBathurst intersection. After analyzing the
proposal, considering the stakeholders’ interests, and gathering information about the current
situation by conducting surveys on traffic volume, we defined the function to primarily regulate
and control traffic flow. The main objectives were identified to maximize safety and traffic flow.
DEED fulfilled these requirements as it uses oneways to optimize traffic flow and retractable
bollards, slow speed zones and other features to ensure safety. As the most optimal design
solution, DEED was expanded on and further research/analysis was performed with regards to
relevant regulations, testing methods, environmental effects, human factors, social impact and
economics in this Final Design Specifications document.

28

Engineering
Strategies and Practice

5.0 References:
[1]

(2015, November). 
Honest Ed’s/ Mirvish Village Redevelopment
[Online].
Available:
http://seatonvillage.ca/planning/honestedsmirvishvillageredevelopment/

[2]

City of Toronto. (2015). 
Planning a Great City, Together 
[Online]. Available
FTP: 
www1.toronto.ca
Directory:
City%20Of%20Toronto/City%20Planning/Community%20Planning/Files/pd
f/H/Hon%20Eds%20Mirvish%20CM%20Boards%20Oct%207%202015.pdf
File: Slide 1: Community Consultation Meeting

[3]

T. Grant. (2016, March 6). 
HVRA Welcomes Mediated Settlement on Central
Tech Field 
[Online]. Available: 
http://harbordvillage.com/centraltechdome

[4]

WWK SPORTS COMPLEX. 
Field Rentals
[online]. Available:
http://www.wwksportscomplex.com/

[5]

(n.d.). 
Honest Ed’s 
[Online]. Available: 
http://www.mirvish.com/honesteds

[6]

C. Wang. (2010). 
The relationship between traffic congestion and road
accidents: an econometric approach using GIS 
[Online]. ch. 9. pp 194195.
Available FTP: dspace.lboro.ac.uk Directory:
dspacejspui/bitstream/2134/6207/2/Thesis_final.pdf File: Thesis_final.pdf

[7]

City of Toronto. (n.d.). 
Toronto City Council 2014  2018 
[Online]. Available:
http://www1.toronto.ca/wps/portal/contentonly?vgnextoid=c3a83293dc3ef310
VgnVCM10000071d60f89RCRD

[8]

City of Toronto. (2014). 
2014  2018 City Council Handbook 
[Online].
Available FTP: 
www1.toronto.ca
Directory:
City%20Of%20Toronto/City%20Clerks/Councillors/Files/pdf/H/handbookv
ol2.pdf File: 20142018 City Council Handbook  Volume 2: Council
DecisionMaking

[9]

City of Toronto. (n.d.). 
City Planning 
[Online]. Available:
http://www1.toronto.ca/wps/portal/contentonly?vgnextoid=c8c8e03bb8d1e31
0VgnVCM10000071d60f89RCRD

[10]

City of Toronto. (n.d.). 
City Planning 
[Online]. Available:
http://www1.toronto.ca/wps/portal/contentonly?vgnextoid=ae9352cc6606141
0VgnVCM10000071d60f89RCRD

[11]

Westbank Projects Corporation. (n.d.). 
Foreword
[Online]. Available:
http://westbankcorp.com/about/foreword
29

Engineering
Strategies and Practice

[12]

Westbank Projects Corporation. (n.d.). 
Footprint 
[Online]. Available:
http://westbankcorp.com/footprint

[13]

Westbank Projects Corporation. (n.d.). 
Mirvish Village
[Online]. Available:
http://westbankcorp.com/mirvishvillage

[14]

Ontario Ministry of Municipal Affairs and Housing. (n.d.). 
Business
Improvement Area Handbook 
[Online]. Available:
http://www.mah.gov.on.ca/Page1529.aspx

[15]

Palmerston Area Residents’ Association. (2014, August 20). 
Mirvish Village
Development Residents’ Opinions Questionnaire 
[Online]. Available FTP:
http://palmerstonara.org/
Directory:
wpcontent/uploads/2014/08/mvtgsurveyreportfinal.pdf File:
mvtgsurveyreportfinal.pdf

[16]

City of Toronto.(n.d.). 
Transportation Services
[online].
Available:
http://www1.toronto.ca/wps/portal/contentonly?vgnextoid=dc32e03
bb8d1e310VgnVCM10000071d60f89RCRD

[17]

TORONTO TRANSIT COMMISION. (February 25, 2016). 
Chief Executive
Officer’s Report 
[online]. Available
FTP:
https://www.ttc.ca/
Directory:About_the_TTC/Commission_reports_and_
information/Commission_meetings/2016/February_25/Reports/CHIEF_EXEC
UTIVE_OFFICERS_REPORT_%20FEBRUARY_2016_UPDATE.pdf

[18]

TORONTO TRANSIT COMMISION.(n.d.) 
Our Mission
[online].
Available:
https://www.ttc.ca/Customer_Service/Corporate_Plan/Background/
Our_mission/index.jsp

[19]

City of Toronto.(n.d). 
Toronto Emergency Services 
[online].
Available:
http://www1.toronto.ca/wps/portal/contentonly?vgnextoid=163307c
eb6f8e310VgnVCM10000071d60f89RCRD&vgnextfmt=default

[20]

City of Toronto.(n.d). 
Toronto Fire Services
[online].
Available:
http://www1.toronto.ca/wps/portal/contentonly?vgnextoid=7d1734
97436e1410VgnVCM10000071d60f89RCRD

[21]

T. Sayed. (2012). 
Pedestrian Safety Study 
[Online]. Available FTP:
http://vancouver.ca/
Directory:
files/cov/pedestriansafetystudy2012finalreport.pdf File:
pedestriansafetystudy2012finalreport.pdf

30

Engineering
Strategies and Practice

[22]

Statistics Canada. (2016, January 7). 
Population and Dwelling Count
Highlight Tables, 2011 Consensus 
[Online]. Available:
http://www12.statcan.gc.ca/censusrecensement/2011/dppd/hltfst/pdpl/Tabl
eTableau.cfm?LANG=Eng&T=205&S=3&RPP=50

[23]

City of Toronto. (2015, June 15). 
Pedestrian and Cyclist Safety in Toronto
[Online]. Available FTP: 
http://www.toronto.ca/
Directory:
legdocs/mmis/2015/hl/bgrd/backgroundfile81600.pdf File: Pedestrian and
Cyclist Safety in Toronto

[24]

F. Wei and G. Lovegrove. (2012). An empirical tool to evaluate the safety of
cyclists: community based, macrolevel collision prediction models using
negative binomial regression[Oline]. Available FTP:
http://engineering.ok.ubc.ca/
Directory:__shared/assets/An_empirical_tool_to_evaluate_the_safety_of_cycl
ists_Community_based__macrolevel_collision_prediction_models_using_ne
gative_binomial_regression39219.pdf

[25]

P. de Leur, and T. Sayed. (2008, December). 
Collision Prediction Models for
British Columbia 
[Online]. Available FTP: 
www.th.gov.bc.ca
Directory:
publications/eng_publications/safety/cpms_for_bc_2008.pdf File:
cpms_for_bc_2008.pdf

[26]

(n.d.). 
Traffic Flow Theory Parameters 
[Online]. Available:
http://www.webpages.uidaho.edu/niatt_labmanual/chapters/trafficflowtheory/t
heoryandconcepts/TrafficFlowParameters.htm

[27]

(2011) D107311 Standard Specification for Fine Aggregate for Bituminous
Paving Mixtures [Online].
Available:
http://www.astm.org.myaccess.library.utoronto.ca/cgibin/resolver.
cgi?D107311

[28]

M. Marczak, and M. Sewell. (1998, January 1). 
Using Focus Groups For
Evaluation 
[Online]. Available:
http://ag.arizona.edu/sfcs/cyfernet/cyfar/focus.htm

[29]

City of Toronto. (2014, August 28). 
CHAPTER 363, BUILDING
CONSTRUCTION AND DEMOLITION 
[Online]. Available FTP:
http://www.toronto.ca/
Directory: legdocs/municode/1184_363.pdf File:
Chapter 363

31

Engineering
Strategies and Practice

[30]

City of Toronto. (2015, May 7). 
CHAPTER 415, DEVELOPMENT OF LAND
[Online]. Available FTP: 
http://www.toronto.ca/
Directory:

[31]

City of Toronto. (2015, July 9). 
CHAPTER 629, PROPERTY STANDARDS
[Online]. Available FTP: 
http://www.toronto.ca/
Directory:
legdocs/municode/1184_629.pdf File: Chapter 629

[32]

City of Toronto. (2015, October 1). 
CHAPTER 743,STREETS AND SIDEWALKS
USE OF 
[Online]. Available FTP: 
http://www.toronto.ca/
Directory:
legdocs/municode/1184_743.pdf File: Chapter 743

[33]

City of Toronto. (2014, October 15). 
CHAPTER 886, FOOTPATHS,
PEDESTRIAN WAYS, BICYCLE PATHS, BICYCLE LANES AND CYCLE
TRACKS 
[Online]. Available FTP: 
http://www.toronto.ca/
Directory:legdocs/municode/1184_886.pdf File: Chapter 886

[34]

City of Toronto. (2015, October 2). 
CHAPTER 950, TRAFFIC AND
PARKING 
[Online]. Available FTP: 
http://www.toronto.ca/
Directory:
legdocs/municode/1184_950.pdf File: 1184_950.pdf

[35]

(n.d.). 
ISO 39001:2012 Road traffic safety (RTS) management systems 
Requirements with guidance for use 
[Online]. Available:
http://www.iso.org/iso/catalogue_detail.htm?csnumber=44958

[36]

City of Toronto. (2015, October 2). 
CHAPTER 918, PARKING ON
RESIDENTIAL FRONT YARDS AND BOULEVARDS 
[Online]. Available
FTP: 
http://www.toronto.ca/
Directory: egdocs/municode/1184_918.pdf File:
Chapter 918

[37]

City of Toronto. (2015, September 1). 
CHAPTER 915, PARKING ON
PRIVATE OR MUNICIPAL PROPERTY 
[Online]. Available FTP:
http://www.toronto.ca/
Directory: legdocs/municode/1184_915.pdf File:
Chapter 915

[38]

City of Toronto. (2014, January 23). 
Chapter 880 FIRE ROUTES [online].
Available: http:
//www.toronto.ca/ 
Directory:legdocs/municode/1184_880.pdf
File: Chapter 880

[39]

City of Toronto Neighbourhood Profiles. (2011). 
Annex (95)Age&Gender
[Online]. Available FTP: 
http://www1.toronto.ca/
Directory:

32

Engineering
Strategies and Practice

City%20Of%20Toronto/Social%20Development,%20Finance%20&%20Adm
inistration/Neighbourhood%20Profiles/pdf/2011/pdf1/cpa95.pdf File: cpa95.
[40]

City of Toronto. (2011). 
PalmerstonLittle Italy
[online]. Available
FTP:
http://www1.toronto.ca/
Directory:City%20Of%20Toronto/Social%20Development,%20Finance%20
&%20Administration/Neighbourhood%20Profiles/pdf/2011/pdf1/cpa80.pdf
File:cpa80

[41]

Mirvish Village Task Group. (n.d.). 
Mirvish Village Task Group 
[Online]. Available:
http://www.mirvishvillagetg.org/home/

[42]

D. McFarlane, et al, private communication, January 2016.

[43]

World Health Organization (2004) , 
Road SafetySpeed 
[Online] Available
FTP: 
http://www.who.int/
Directory:
violence_injury_prevention/publications/road_traffic/world_report/speed_en.p
df File: speed_en.pdf

[44]

Texas A&M Transportation Institute (2016), 
One Way Street 
[Online]
Available:
http://mobility.tamu.edu/mip/strategiespdfs/systemmodification/executivesu
mmary/onewaystreets1pg.pdf

[45]

Michigan Complete Streets Coalition( December 5, 2013),
Contraflow Bike
Lanes Explained
[Online] Available:
https://michigancompletestreets.wordpress.com/2013/12/05/contraflowbikel
anesexplained/

[46]

Philips Lumec (n.d.). 
A Long Lifespan I Led
[Online] Available:
http://www.lumec.com/newsletter/architect_0608/led.htm

[47]

Pedbikeinfo.(2013). 
Cost For Pedestrian And Cyclist Infrastructure
Improvements
[Online]. Available FTP: 
http://www.pedbikeinfo.org/
Directory: cms/downloads/Countermeasure%20Costs_Report_Nov2013.pdf

33

Engineering
Strategies and Practice

[48]

NYC. (2010. August). 
The New York City Pedestrian Safety Study & Action
Plan
[Online]. Available FTP:
http://www.nyc.gov/
Directory:
html/dot/downloads/pdf/nyc_ped_safety_study_action_plan.pdf File:
nyc_ped_safety_study_action_plan.pdf

[49]

City of Toronto. (n.d). 
Yellow Bicycle Lanes
[Online]. Available:
http://www1.toronto.ca/wps/portal/contentonly?vgnextoid=69de0995bbbc141
0VgnVCM10000071d60f89RCRD

[50]

National Association of City Transportation Officials. ( Oct. 2013), 
Leading
Pedestrian interval
[Online]
Available:
http://nacto.org/publication/urbanstreetdesignguide/intersectiond
esignelements/trafficsignals/leadingpedestrianinterval/

[51]

RELIANCE FOUNDRY.(n.d). 
Retractable Bollards
Eliminate tripping hazards and offsite storage requirements
[online].
Available:
http://www.reliancefoundry.com/bollard/retractablebollards


[52]

City of Toronto. (2015,May 21). 
CHAPTER 910, PARKING MACHINES
AND METERS 
[Online]. Available FTP: 
http://www.toronto.ca/
Directory:legdocs/municode/1184_910.pdf File: Chapter 910

[53]

City of Toronto.(
August 19, 2014
).
Chapter 200 Parking Space Regulations
,
Zoning Bylaw No. 5692013 [Online]
. Available:
http://www.toronto.ca/zoning/bylaw_amendments/ZBL_NewProvision_Chapt
er200.htm

[54]

Ontario Ministry of Transportation.(January 28, 2016).
ONTARIO
PROVINCIAL STANDARDS FOR ROADS & PUBLIC WORKS 
[Online].
Available: 
http://www.raqsb.mto.gov.on.ca/techpubs/OPS.nsf/OPSHomepage

[55]

Ontario.(October 25, 2010)."Agreement for Application of Act" from
Environmental Assessment Act, 
R.S.O. 1990, c. E.18 [Online].Available:
https://www.ontario.ca/laws/statute/90e18#BK2

34

Engineering
Strategies and Practice

[56]

Ontario.(December 11, 2015).
TRAFFIC CONTROL SIGNAL SYSTEMS
,
R.R.O. 1990, Reg. 626 
[Online].Available:
https://www.ontario.ca/laws/regulation/900626

[57]

Ontario.(February 5, 2016).
Highway Traffic Act

, R.S.O. 1990, c. H.8
[Online]. Available:
https://www.ontario.ca/laws/statute/90h08


[58]

Ontario.(January 1, 2016) 
O. Reg. 213/91: 
CONSTRUCTION PROJECTS
[Online].Available:
https://www.ontario.ca/laws/regulation/910213?_ga=1.141
887154.1
880
029616.1459215017

[59]

McT
rans
Center (February 6, 2007)
.
DYNASMARTP
version 1.3.0 [Online]
Available:

http://mctrans.ce.ufl.edu/featured/dynasmart/
[60]

Mc
Trans
Center (August 2012). 
TSISCORSIMTM
[Online] Available:

http://mctrans.ce.ufl.edu/featured/tsis/

[61]

(2013) D652113 Standard Practice for Accelerated Aging of Asphalt Binder
Using a Pressurized Aging Vessel(PAV) [Online]. Available:
http://www.astm.org.myaccess.library.utoronto.ca/cgibin/resolver.cgi?D6521
13

[62]

York Region (n.d). T
raffic Signal Timing 
[Online]. Available:
http://www.york.ca/wps/portal/yorkhome/transportation/yr/traffic/trafficsignaltiming/
!ut/p/a0/04_Sj9CPykssy0xPLMnMz0vMAfGjzOI9Hd09PTy8Dbz8TSycDRwN_B29
jMwtDFwDTPULsh0VAbBXwPk!/#.VvtExeIrK00

[63]

City of Toronto (n.d). 
Traffic Calming
[Online]. Available:
http://www1.toronto.ca/wps/portal/contentonly?vgnextoid=c3f7a84c9f6e1410VgnV
CM10000071d60f89RCRD&vgnextchannel=e6924074781e1410VgnVCM10000071
d60f89RCRD

[64]

City of Toronto (2010). 
Summary of Traffic Calming Policy
[Online]. Available:
http://www1.toronto.ca/city_of_toronto/transportation_services/traffic/files/pdf/traffi
c_calming_policy_summary.pdf

[65]

Pavement interactive (July 2008). 
Existing Surface Preparation for Overlays

[Online].
Available:
http://www.pavementinteractive.org/article/existingsurfacepreparationf
oroverlays/
35

Engineering
Strategies and Practice

[66]

Urban Garden (2016)
.
Financial District Parkette
[Online].
Available:
http://urbangarden.ca/buildwork/

[67]

Fixr (Dec. 22, 2015). 
Landscaping Cost
[Online]. Available:
http://www.fixr.com/costs/landscaping

[68]

The Corporation of Delta (n.d). 
Road Improvements 
[Online]
Available:
http://www.delta.ca/services/roadstransportation/overview/roadco
nstructionprocess

[69]

Office of Transportation and Air Quality(October 2008), 
Average Annual
Emissions and Fuel Consumption for GasolineFueled Passenger Cars and
Light Trucks 
[Online] Available FTP:
https://www3.epa.gov/

Directory:

otaq/consumer/420f08024.pdf File:420f08024.pdf

[70]

M. L. Mittal,
Estimates of Emissions from Coal Fired Thermal Power Plants
in India 
[Online] Available FTP:
https://www3.epa.gov/
Directory:
ttnchie1/conference/ei20/session5/mmittal.pdf File:mmittal.pdf

[71]

Eartheasy(2014), 
Energy Efficient Lighting
[Online] Available:
http://eartheasy.com/live_energyeff_lighting.htm

[72]

United States Environmental Protection Agency (February 23, 2016), 
Vinyl
acetate
[Online] Available:
https://www3.epa.gov/airtoxics/hlthef/vinylace.html

[73]

Nett Technologies Inc, 
What Are Diesel Emissions?[Online] Available:
http://www.nettinc.com/information/emissionsfaq/whataredieselemissi
ons

[74]

Project EverGreen(2013), 
Environmental Benefits of Green Space 
[Online]
Available:
http://projectevergreen.org/resources/environmentalbenefitsofgreensp
ace/

[75]

B. Erickson, 
How to Calculate Lawn Irrigation Water Usage and Costs
[Online] Available:
http://www.todayshomeowner.com/calculatinglawnirrigationcosts/
36

Engineering
Strategies and Practice

[76]

The Water Use It Wisely,
EFFICIENT IRRIGATION: WATERING AND

CONSERVING
[Online] Available:
http://wateruseitwisely.com/100waystoconserve/landscapecare/princip
lesofxeriscapedesign/efficientirrigation/

[77]

Gaode Equipment, Product: GDD390 Marking Removal Machine [Online]
Available:
http://www.gaodetec.com/roadmarkingmachine/markingremovalmach
ine.html

[78]

NCBI.(June 2001). 
Diesel engines: environmental impact and control
[Online]. Available:
http://www.ncbi.nlm.nih.gov/pubmed/11417675

[79]

Virginia.gov.(2012). C
hapter 3 TRAFFIC PAINT
[online]. Available
FTP:
http://www.virginiadot.org/
Directory:business/resources/Materials/MCS_Study_Guides/bumatPaveMar
kCh3.pdf File:pave.Mark.ch.3.2012.indd.

[80]

Karmanheathcare.(n.d). 
How Wide Does A Doorway Need To Be For A
Wheelchar
[Online]. Available:
http://www.karmanhealthcare.com/howwidedoesadoorwayneedtobefor
awheelchair/

[81]

Ontario Ministry of Transportation (
September 13, 2013
). “ I.Sign.” under
Driver’s
Handbook
[Online].Available:
http://www.mto.gov.on.ca/english/dandv/driver/
handbook/section3.1.1.shtml

[82]

th.gov.bc.(Spetember 2000). 
Manual of Standard Traffic Signs & Pavement
Markings
[Online]. Available FTP:
http://www.th.gov.bc.ca/
Directory:publications/eng_publications/electrical/most_pm.pdf

[83]

MY LED LIGHTING GUIDE
.
(n.d)
.
Your Source for Commercial and
Industrial LED Lighting since 2008
[Online]. Available:
http://www.myledlightingguide.com/

[84]

World bank.(April 2000). 
Roads Woks Costs per Km
[Online]. Available FTP:
http://www.worldbank.org/
Directorytransport/roads/c&m_docs/kmcosts.pdf

37

Engineering
Strategies and Practice

[85]

spcregion.(April 2004). 
The Benefits of Retiming Traffic Signals
[Online].
Available FTP:
http://www.spcregion.org/
Directory:downloads/ops/Other%20Studies/Benefit
sofRetimingTrafficSignals.pdf

[86]

Toronto Hydro. (n.d). 
TOU Rates. 
[Online]. Available:
http://www.torontohydro.com/sites/electricsystem/residential/yourbillovervie
w/pages/tourates.aspx

[87]

City of Toronto. (n.d). 
How much does a traffic signal installation cost?
.
[Online]. Available:
http://www1.toronto.ca/wps/portal/contentonly?vgnextoid=9f8e9cec3114f410
VgnVCM10000071d60f89RCRD&vgnextchannel=9452722c231ec410VgnV
CM10000071d60f89RCRD

[88]

PROREFERRAL.(n.d).
How Much Does Junk/Debris Removal Cost?
[Online]. Available:
https://www.proreferral.com/hg/howmuchdoesjunkdebrisremovalcost/

[89]

Ontario Electronic Stewardship. (n.d.). What’s Accepted [Online]. Available:
http://ontarioelectronicstewardship.ca/wpcontent/uploads/2015/06/WhatsAcc
epted_EHF_v0620.pdf

[90]

Signal Time Tutorial.(N/A).Calculations [Online].Available:
http://www.webpages.uidaho.edu/niattproject/backgroundbasic2.htm

[91]

City/County Association of Governments. (2005). 
Traffic Level of Service
Calculation Methods
[online].
Available:
http://ccag.ca.gov/
Directory:wpcontent/uploads/2014/07/cmp_200
5_Appendix_B.pdf File:cmp_2005_Appendix_B.

[92]

BA Group.(2015, June).
Mirvish Village Proposed Mixed Use
Redevelopment
[Online].Available FTP:
https://www1.toronto.ca/
Directory:
City%20Of%20Toronto/City%20Planning/Community%20Planning/Files/ima
ges/T/FINAL_Mirvish%20Village%20Transportation%20Considerations_Jul
y7_2015_finalfor%20printing_w%20Appendix.pdf File: Final_Mirvish
Village Transportation Considerations_July_7_2015

38

Engineering
Strategies and Practice

[93]

LEA Consulting Ltd..(2014, Nov. 6).
Traffic Impact Study Revision 2781
Yonge St.
[Online].Available FTP: 
https://www1.toronto.ca
/
Directory:City%20Of%20Toronto/City%20Planning/Community%20Plannin
g/Files/pdf/2/2781%20Yonge%20St%20Traffic%20Impact%20Study.pdf
File:2781 Yonge St Traffic Impact Study.

[94]

RANDOLPH CENTRE FOR ARTS. (N.D.) 
ABOUT THE THEATERS
[Online]. Available:
http://www.randolphcentreforthearts.com/

[95]

Capacity & LOS Analysis. (n.d.) 
Heavy Vehicle Adjustment Factor
[Online].
Available FPT:
http://www.webpages.uidaho.edu/

Directory:
niatt_labmanual/chapters/capacityandlos/theoryandconcepts/HeavyVehicleAd
justmentFactor.htm

[96]

C. Bateman. (2014, April 29). When exactly is rush hour in Toronto?
[Online].Available:
http://www.blogto.com/city/2014/04/when_exactly_is_rus
h_hour_in_toronto/

[97]

Randolph Academy. (2012, March 12). 
Schedule
[Online]. Available:
lphacademy.com/kidsprogramschedule/?

[98]

Government of Canada. (2015, September 22). 
Canadian Climate Normals
19812010 Station Data 
[Online]. Available:
http://climate.weather.gc.ca/climate_normals/results_1981_2010_e.html?stnI
D=5051&lang=e&StationName=Toronto&SearchType=Contains&stnNameS
ubmit=go&dCode=

[99]

Mirvish Village BIA (n.d.). Mirvish Village [Online]. Available:
http://mirvishvillagebia.com/

[100]

City of Toronto. (2015, September 18). 
Honest Ed’s and Mirvish Village 571
to 597 Bloor Street West, 738 to 782 Bathurst Street, 26 to 38 Lennox Street,
581 to 603 and 588 to 612 Markham Street  Official Plan Amendment,
Zoning Amendment Applications  Preliminary Report 
[Online]. Available
FTP: 
http://www.toronto.ca/
Directory:
legdocs/mmis/2015/te/bgrd/backgroundfile84053.pdf File:
Honest Ed’s and Mirvish Village 571 to 597 Bloor Street West, 738 to 782
Bathurst Street, 26 to 38 Lennox Street, 581 to 603 and 588 to 612 Markham
Street  Official Plan Amendment, Zoning Amendment Applications 
Preliminary Report
39

Engineering
Strategies and Practice

[101]

City of Toronto. (2014, August 19) Chapter 220, Loading Space Regulations
[Online]. Available FPT:
http://www.toronto.ca/
Directory:
zoning/bylaw_amendments/ZBL_NewProvision_Chapter220.htm

[102]

DimensionsInfo. (2014, Dec. 15) School Bus Dimensions [Online]. Available
FPT:
http://www.dimensionsinfo.com/
Directory: schoolbusdimensions/

[103]

Mississauga. (n.d.) Parking Space Dimension Report [Online]. Available FPT:
http://www.mississauga.ca/
Directory:
file/COM/ParkingSpaceDimensionPart1.pdf File: Exhibit 1

[104]

City of Toronto. (2013). 
Signalized Intersection Traffic And Pedestrian
Volume 
[online]. Available:
http://www1.toronto.ca/wps/portal/contentonly?vgnextoid=417aed3c99cc731
0VgnVCM1000003dd60f89RCRD

[105]

City of Toronto.(March 2015) [online]. Available FTP:
http://www1.toronto.ca/
Directory:
City%20Of%20Toronto/Transportation%20Services/Cycling/Files/pdf/M/Cyc
ling%20Trips.pdf File:
Cycling Trips

[106]

Toronto Transit Comission. (2016, January 4). 
511 Bathurst 
[Online].
Available: 
http://ttc.ca/Routes/511/Northbound.jsp

[107]

Government of Ontario (March 29, 2016). 
Preparing Environmental
Assessments 
[Online]. Available:
https://www.ontario.ca/page/preparingenvironmentalassessments

[108]

Federal Highway Administration (April 13, 2014). 
DYNASMARTP
[Online].
Available: 
https://www.fhwa.dot.gov/research/deployment/dynasmart.cfm

[109]

Federal Highway Administration (October 10, 2015) , 
Corridor Simulation
(CORSIM/TSIS) [Online] Available:
http://ops.fhwa.dot.gov/trafficanalysistools/corsim.htm

[110]

ITT Industries. (December 2006). 
CORIM User’s Guide 
(version 6) [Online].
Available: 
http://sites.poli.usp.br/ptr/lemt/CORSIM/CORSIMUsersGuide.pdf
40

Engineering
Strategies and Practice

[111]

McTrans Center (n.d.). 
McTrans Moving Technology 
[Online]. Available:
http://mctrans.ce.ufl.edu/store/shopcart1.asp

[112]

Standard Practice for Accelerated Aging of Asphalt Binder Using a
Pressurized Aging Vessel (PAV)
, ASTM D652113, 2013.

[113]

T. V. Mathew. (2014, August 5). 
Microscopic Traffic Simulation
[Online].
Available:
https://www.civil.iitb.ac.in/tvm/1111_nptel/535_TrSim/plain/plain.html#SEC
TION001533000000000000000

[114]

Bank of Canada.(2016). 
Daily Noon Exchange Rates (Five Business Days)
[Online]. Available:
http://www.bankofcanada.ca/rates/exchange/noonrates5day/

41

Engineering
Strategies and Practice

6.0 Appendices
Appendix A: Geographic Scope
Figure 12: Bathurst St. and Lennox St. (image taken from Google Maps: 
https://maps.google.ca/
)

Figure 13: Area bounded by Bloor St. W, Borden St., Harbord St. and Palmerston Boulevard
(image taken from Google Maps: 
https://maps.google.ca/
)
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Appendix B: Data, Methodology to Measure and Estimate Traffic, and Assumptions
NOTE! The data collected has an extremely small sample size, and high variance is expected.
The assumptions do not consider blockage’s impact on the traffic.
Unit of measurement and formula [90]:
● Volume = vehicle per 10 minutes x 6 [=] vehicle per lane per hour
● Capacity = (3600/saturation headway)*(effective green time/light cycle length) [=]
vehicle per hour
Level of Service:
Figure 14: Level of Service [91]

Existing Traffic, following numbers are generated through our team’s measurement
(the data are

collected without separating different sources of vehicles; it is assumed that the car count
includes vehicles of residences, road users, streetcars, visitors, regular Randolph school dropoff
and pickup, and business owner):
● Bathurst St.:
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○ Saturation Headway assumed to be 2 seconds during rush hour, 3 seconds during
regular/weekend
○ Effective Green Time assumed to be 30 seconds during rush hour, 40 seconds
during regular/weekend
○ Light Cycle Length is around 45 seconds
● Lennox St.:
○ Saturation Headway assumed to be 7 seconds during rush hour and regular hours,
5 seconds during weekend
○ Effective Green Time assumed to be 15 seconds during all time
○ Light Cycle length is around 20 seconds
Week Day Morning Rush Hour(89am):
North 516; V/C=0.43; LOS=A
South 888; V/C=0.74; LOS=C
West 30; V/C=0.07; LOS=A
East 42; V/C=0.10; LOS=A
Week Day Evening Rush Hour(67pm):
North 702,882 ~ 792; V/C=0.66; LOS=B
South 606,618 ~ 612; V/C=0.5; LOS=A
West 126,78 ~ 102; V/C=0.26; LOS=A
East 102,78 ~ 90; V/C=0.23; LOS=A
Saturday Morning(910am):
North 420; V/C=0.39; LOS=A
South 510; V/C=0.48; LOS=A
West 48; V/C=0.09; LOS=A
East 24; V/C=0.04; LOS=A
Saturday Evening(67pm):
North 534;V/C=0.50; LOS=A
South 612;V/C=0.57; LOS=A
West 84;V/C=0.16; LOS=A
East 42;V/C=0.08 ;LOS=A
Future Traffic (Extra Traffic):
NOTE! Predictions in this part will not be accurate because a mode share model to manage
traveler’s method of transportation varies depending on the design. Numbers are assumed and
calculated to present the least optimal scenario (maximum usage of cars bounded by physical
restrictions). Design solutions will reduce the car count and change the level of service.
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(1) Natural growth of traffic due to population growth: A background annual traffic growth of
0.2% is factored into traffic volume of all directions, and horizon year is assumed to be 5 years.
Numbers drawn from similar studies [92,93].
(2) Special event traffic: Randolph Theatre hosts special performances every other month for a
full month (Monday to Sunday) (referencing the theatre’s past record). The Theatre has a total of
513 seats, and the show can be on from 5pm to 11pm (depending on the show)[94]. In area
bounded by Lennox, Bathurst, Herrick and Markham, around 50 cars (measured using Google
Map) can be parked legally and illegally without completely blocking a road. Assuming theatre
guests will occupy all of the spots and leave when traffic demand is low, then south+25, west+25
for weekday nights and Saturday nights.
School Buses for school events will be considered later in this appendix.
(3) Traffic introduced by new residence: The proposal plans to build 395 parking spots for
residents, 261 spots for retail visitors [95]. Assuming all spots are occupied, all residents return
at night and out (70% north, 30% south in the morning) during morning and evening rush hour
once everyday (Monday to Sunday), and visitors, driving 261 cars, visit the residents during rush
hours on Saturday morning and evening and leave when traffic demand is low, then west+395
for weekday nights and Saturday nights, north+277, south+118 for weekday mornings and
Saturday mornings, west+261 for Saturday mornings and nights.
(4) Sports dome traffic: The dome expects 10675 users every week [4]. Assuming all of them
drive cars, then a typical rush hour would have a net gain of 10675/7(days)/10(rush hour
factor)=153 cars. Assuming half of the dome users drive to the dome through the intersection
(other half uses Bloor, Harbour, Borden) during weekday nights and Saturday mornings and
nights, and stay for one hour, and then leave as the next wave of users come in, then east+38,
south+38, north+76 for all rush hours above.
(5) New retail/commercial visitors: Unable to predict the source or number of visitors to the
market without large scale survey or how well traffic around the area would function.
(6) Heavy Vehicle Factor: (V/C)/HVF give a ratio that takes heavy vehicles (trucks, school
buses) into account. HVF=1/(1+ ∑ Pti*(Eti1)), where Pt=proportion of heavy vehicles in traffic
stream, Et=passenger car equivalents for heavy vehicles. Most of the the heavy vehicles will use
west of the intersection which is already predicted to have a LOS of F. [95]
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Week Day Morning Rush Hour(89am):
North: 514*1.002^5 + 277 = 795; V/C = 0.66; LOS=B
South: 888*1.002^5 + 118 = 1015; V/C = 0.85; LOS=D
West: 30*1.002^5 = 30; V/C = 0.07; LOS=A
East: 42*1.002^5 = 42; V/C = 0.10; LOS=A
Week Day Evening Rush Hour(67pm):
North: 792*1.002^5 + 76 = 876; V/C = 0.73; LOS=C
South: 612*1.002^5 + 25 +38 = 681; V/C = 0.57; LOS=A
West: 102*1.002^5 + 25 + 395 = 523; V/C = 1.33; LOS=F
East: 90*1.002^5 + 38 = 129; V/C = 0.33; LOS=A
Saturday Morning(910am):
North: 420*1.002^5 + 76 + 277 = 777; V/C = 0.72; LOS=C
South: 510*1.002^5 + 118 + 38 = 671; V/C = 0.63; LOS=A
West: 48*1.002^5 +261 = 309; V/C = 0.58; LOS=A
East: 24*1.002^5 +38 = 62; V/C = 0.1; LOS=A
Saturday Evening(67pm):
North: 534*1.002^5 + 76 = 615; V/C = 0.58; LOS=A
South: 612*1.002^5 + 25 +38 = 681; V/C = 0.63; LOS=A
West: 84*1.002^5 + 25 + 261 +395 = 766; V/C = 1.46; LOS=F
East: 42*1.002^5 + 38 = 80; V/C = 0.15; LOS=A
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Appendix C: Objective Generation
Figure 15: HowWhy Tree for Objective Generation
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Appendix D: Estimation of Number of Collisions For Transport Methods
Pedestrians:
2
(average injuries) / (area of Toronto (km
)) * (area of interest (km^2)) * 6 years
= (2050) / (5905.71) * (0.16) * 6
= 0.3332 injuries per 6 years
(Round up to 0.4)
Bicyclists:
2
(average injuries) / (area of Toronto (km
)) * (area of interest (km^2)) * 5 years
= (1095) / (5905.71) * (0.16) * 5
= 0.14833 injuries per 5 years
(Round up to 0.15)
Vehicles:
2
(average collisions) / (area of Toronto (km
)) * (area of interest (km^2)) * 5 years
= (55,685) / (5905.71) * (0.16) * 5
= 7.543208 Collisions per 5 years
(Round down to 7.5)
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Appendix E: Service Environment Physical
● Road Conditions
○ Cars with parking permit may park beside the road (Figures 4 and 5)
○ Edge of the side lanes for cyclists to ride on is bumpy (Figure 6)
○ Rush hour~89a.m. and 57p.m. [96]
○ Dance class schedule (25 students per class, 4 class rooms) coincides with
evening rush hour [97]
● Climate
○ Rainfall (mm monthly)  Spring67.9, Summer71.96, Fall77.73, Winter59.46
[98]
○ Snow Depth (mm monthly)  October1, November83, December241,
January372, February270, March198, April50 [98]
● Surrounding Buildings
○ Current [99] 
■ Local Residential Buildings
■ Honest Ed’s
■ Midas Repair Service
■ Central Technical School
■ Randolph Academy
■ Local businesses
○ Future
■ Central Technical School Dome, 10675 user/week [4]
■ 1017 residential units [100]
■ 17,555 square metres of new retail/service commercial space [100]
■ 3level underground parking area (has to be in the block bounded by
Bloor, Bathurst, Lennox, Markham; exit is not allowed on Bloor or
Bathurst) [92]
● Fixed Conditions (elements not in the list are subject to change):
○ Current:
■ Locations of residential buildings
■ Randolph Academy Location
○ Future:
■ Proposed residential building
■ Numbers of parking spots in proposed
■ Proposed Market/commercial areas
■ Underground garage
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Proposed garage location bounded by Bloor, Bathurst, Lennox, and Markham. Having entrance
and exit on major road is disallowed (i.e. the placement can only be on Lennox and Markham).
The garage accommodates for standard family vehicle, TypeB, TypeC, TypeG loading
vehicles [101] (Westbank proposed 6 TypeB, 15 TypeC, and 2 Type G loading areas), and
school buses, so the roadway must allow cars to travel in and out of the garage entrance and exit
location. Here we use parking space dimension to estimate the space a vehicle would occupy on
the road.
School Bus (range of dimensions) [102]
length: 4 to 12 metres
width: ~2.5 metres
Standard family vehicle[103]
length:~5.2metres
width:~2.5 metres
TypeB (minimum dimensions)
length: 11 metres
width: 3.5 metres
TypeC (minimum dimensions)
length: 6 metres
width: 3.5 metres
TypeG (minimum dimensions)
length: 13 metres
width: 4 metres
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Figure 16: Roadway Dimensions Pt. 1 (image taken from Google Maps: 
https://maps.google.ca/
)

Figure 17: Roadway Dimensions Pt. 2
(image taken from Google Maps: 

https://maps.google.ca/
)
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Figure 18: Roadway Dimensions Pt. 1
(image taken from Google Maps: 

https://maps.google.ca/
)

Figure 19: Parking Spots on West Side of Lennox (Image taken by team member)
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Figure 20: Parking Spots on East Side of Lennox (image taken by team member)

Figure 21: Bumpy Biking Zone (image taken by team member)
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Figure 22: Access to streetcar on south side of the intersection (image taken by team member)
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Appendix F: Service Environment  Living Things and Transportation
● Traffic flow/Drivers
○ Current Slight congestion during weekday rush hours (Appendix B)
○ Future Predicted heavier congestion during weekday rush hours (Appendix B)
● Pedestrians 1431 at intersection/8 hours [104]
● Cyclists  13642795 cyclists/day [105]
● Types of Vehicles (through observation)
○ Streetcars 511 operates nonstop except maintenance [106]
○ Delivery Trucks
○ School Buses
○ Residential vehicles
○ Visitors’ Vehicles
● Demographics [39]
Table 9: Demographics Sorted by Area
Area

014

1529

3054

5564

65+

Seaton village

13%

20%

42%

10%

15%

Palmerston

7%

28%

42%

9%

14%

Harbord village

7%

28%

42%

9%

14%

Annex

7%

28%

41%

10%

14%
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Appendix G: Detailed Design traffic analysis
Based on measurements in appendix E, 50 cars can be on one block of Bathurst segment and 12
cars can be on Lennox west simultaneously.
Using level of service information in appendix B and applying the grading to estimate the the
average travel speed at C level of service. With average car speed, number of cars going through
the intersection is modeled as (number)=(speed[m/s])*(time[s])/(car length[m]).
Figure 23: Level of Service to Average Speed [91]

Bathurst fits arterial class II shown in the figure, so average travel speed at level of service C is
29 km/h. Lennox fits arterial class III shown in the figure, so average travel speed at level of
service C is 21 km/h.
Phase 1:
● 22 cars from right lane of Bathurst travel to north straight
● Lennox east cars turning right onto Bathurst north waits for gaps
● 50%, 11 cars from left lane of Bathurst travel to north straight
● 50%, 11 cars from left lane of Bathurst travel to Lennox west left lane
● Bathurst north cars may turn right when no cars travelling straight is in queue
Phase 2:
56

Engineering
Strategies and Practice

● 13 cars from right lane of Lennox east travel to Lennox west right lane
● All other traffics need to queue before their actions
Phase 3:
● 74 cars in total travel from North of Bathurst to South of Bathurst and vice versa
● All other traffics need to queue before their actions
Numbers above would meet the object goal for traffic flows. Number of cars going to Lennox
west per lane exceeds dimensional limit by 16 cars, but as long as cars drive into the garage
continuously at 21 km/h, no congestion would be caused. Congestion on Bathurst will be
inevitable, but the congestion does not affect Lennox since the two phases are isolated.

57

Engineering
Strategies and Practice

Appendix H: Street Parking Data
Street Parking Data
The following data was collected by the team. It contains the number of vehicles parked along
the specified road. This includes both sides of the road.
Markham Street:
Between Lennox and Bloor: 11
Between Herrick and Lennox: 12
Between Harbord and Herrick: 9
Palmerston Boulevard:
Between Harbord and Bloor: 28
Lennox:
Between Palmerston and Bathurst: 10
Between Bathurst and Borden: 19
Borden:
Between Harbord and Bloor: 21
Herrick: 14
Bloor:
Between Borden and Palmerston: 19
Bathurst:
Between Harbord and Bloor: 11
Harbord: 15
Lippencott: 6
Total:
175 Vehicles parked on street
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Appendix I: Summary of Environmental Assessment Process
The following outlines the general process that is followed when conducting an environmental
assessment. The information presented is directly taken from [107]

Individual 
EA
s
Individual EAs are prepared for largescale, complex projects with the potential for
significant environmental effects. They require Ministry of the Environment and Climate
Change approval.

Step 1: develop and submit a Terms of Reference
Proponent must:
● submit a Notice of Commencement to the Director, Environmental Approvals
Branch
● submit a Terms of Reference summary form
● consult with the public, Aboriginal communities and government agencies
● document the consultation process and submit to the ministry with your Terms of
Reference
● outline your plan for preparing and evaluating your environmental assessment
● prepare and submit the Terms of Reference document including:
○ the name and address of the proponent
○ how the environmental assessment will be prepared
○ purpose of the study or undertaking
○ description of and rationale for the undertaking and for alternatives
○ description of the existing environment and potential effects of the
undertaking
○ assessment and evaluation
○ commitments and monitoring
○ consultation plan for the environmental assessment
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○ flexibility to accommodate new circumstances
○ other approvals required
Ministry:
● consults with the public, Aboriginal communities and government agencies
● coordinates a technical review of the Terms of Reference document
● makes a recommendation to the Minister who decides whether or not to approve
the Terms of Reference within 12 weeks from the date of submission to the
ministry
The proponent has an opportunity to take a “time out” to amend the Terms of
Reference.
The Minister can refer a matter to mediation before making a decision or the proponent
can begin the mediation process. The Minister can’t send a Terms of Reference to a
hearing.

Step 2: prepare an environmental assessment
Proponent must:
● submit a Notice of Commencement to the Director, Environmental Approvals
Branch
● prepare the environmental assessment document once the Terms of Reference
is approved
● the EA document includes:
○ record of consultation
○ a monitoring framework that will be carried out if the undertaking is
approved
○ a list of commitments
○ actions to prevent, reduce and manage environmental effects
○ environmental effects that may be caused
○ a review and evaluation of alternatives considered
○ results of the planning and decisionmaking process
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○ the purpose of the project and a description of the undertaking
● consult the public, Aboriginal communities and government agencies
There are no limits on how much time a proponent can take to prepare theEA
document.

Step 3: submit an environmental assessment
Proponent must:
● submit an Environmental Assessment summary form
● submit the environmental assessment document to the Director, Environmental
Approvals Branch for review and decision by the Ministry of the Environment and
Climate Change

Step 4: public and government review
The ministry coordinates public and government review of the EA document.
The ministry consults with:
● government experts
● Aboriginal communities
● the public
● any other interested party
The public has 7 weeks to comment.
Any time during the EA process, the proponent or any other interested persons can ask
for mediation.

Step 5: Ministry of the Environment and Climate Change review
This includes:
● a review of all public, Aboriginal community and government agency comments
● the proponent’s response to the comments
● a discussion on whether the proponent is in compliance with your approved
terms of reference
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● how the proponent has met the requirements of the Environmental Assessment
Act
The ministry has 5 weeks to write and publish the Ministry Review.

Step 6: Public consultation on the Ministry Review
The public, government agencies, Aboriginal communities or any other interested party
has 5 weeks to provide comments to the ministry.
During this time, anyone, including the proponent can:
● provide written comments to the Ministry of the Environment and Climate Change
to identify any outstanding issues with suggestions for how they might be
resolved
● request a hearing

Step 7: Minister’s decision
The environmental assessment must be approved by the Minister of the Environment
and Cabinet before the project can proceed.
Once public comment is finished on the Ministry Review, the Minister has 13 weeks to
make a decision.
The Minister may:
● refer it to mediation
● refer it to the Environmental Review Tribunal for a hearing
● make a decision to approve, approve with conditions, or refuse the EA

Step 8: implement the project and monitor compliance
After the project has been approved, the proponent will need to gather other approvals
as needed.
These could include requirements found in the:
● Environmental Protection Act
● Planning Act
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● Ontario Water Resources Act
● Species at Risk Act
When the proponent has all approvals in place, construction can begin. The proponent
must report on how they have complied with commitments in the environmental
assessment and the conditions of the approval.
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Appendix J: R.R.O. 1990, Reg. 626: TRAFFIC CONTROL SIGNAL SYSTEMS
The following is a section of regulation 626 under Highway Traffic Act, R.S.O. 1990, c. H.8.
[56]
. 
1
(1) Every traffic control signal shall consist of one circular amber and one circular red
indication in combination with,
(a) a circular green indication;
(b) a circular green indication and one or more green arrow indications;
(c) a circular green indication, one or more green arrow indications and one or
more amber arrow indications; or
(d) one or more green arrow indications. R.R.O. 1990, Reg. 626, s. 1 (1).
(2) Green arrow, amber arrow, circular green, circular amber, circular red and white
vertical bar indications may be used for traffic control signals and, where they are used,
they shall be arranged vertically from the bottom, as follows:
right turn green arrow, right turn amber arrow, left turn green arrow, left turn
amber arrow, straight through green arrow, circular green, circular amber,
circular red and white vertical bar.
O. Reg. 408/15, s. 1 (1).

Note: On January 1, 2017, the day subsection 40 (3) of the 
Transportation Statute
Law Amendment Act (Making Ontario’s Roads Safer), 2015 comes into force,
section 1 of the Regulation is amended by adding the following subsections:
(See: O. Reg. 408/15, s. 1 (2))
(2.1) Despite subsection (1), a bicycle traffic control signal shall consist of three
opaque circular indications, each with a coloured translucent bicycle symbol, arranged
vertically from the bottom as follows:
green, amber, red
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O. Reg. 408/15, s. 1 (2).
(2.2) A green arrow indication on an opaque circular indication may be used for
bicycle traffic control signals and, where it is used, it shall be arranged vertically below
the three opaque circular indications described in subsection (2.1). O. Reg. 408/15, s. 1
(2).
(2.3) An amber arrow indication, on the same opaque circular indication that is used
for the green arrow indication described in subsection (2.2) or on a separate opaque
circular indication, may be used for bicycle traffic control signals and, where a separate
opaque circular indication is used, it shall be arranged vertically above the green arrow
indication. O. Reg. 408/15, s. 1 (2).
(2.4) For the purpose of subsection (2.1), the bicycle symbol shall be as illustrated in
the following Figure:

O. Reg. 408/15, s. 1 (2).
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(3) No traffic control signal system shall be operated so as to show more than one
circular indication simultaneously on the same traffic control signal. R.R.O. 1990, Reg.
626, s. 1 (3).
(4) Every traffic control signal system that is installed shall have at least two traffic
control signals located on the far side of the intersection from which vehicles are
approaching, at least one of which shall be located on the far right side. R.R.O. 1990,
Reg. 626, s. 1 (4).
(4.1) Despite subsection (4), a traffic control signal system installed at a crosswalk
at an intersection for the purpose of assisting pedestrians to cross the roadway shall
have,
(a) at least two traffic control signals facing the directions from which vehicles on
the roadway approach the crossing; and
(b) at least one stop sign facing vehicles approaching the intersection from the
other intersecting roadway. O. Reg. 65/96, s. 1 (2).
Note: On January 1, 2017, the day subsection 40 (3) of the 
Transportation Statute
Law Amendment Act (Making Ontario’s Roads Safer), 2015 comes into force,
section 1 of the Regulation is amended by adding the following subsection: (See:
O. Reg. 408/15, s. 1 (2))
(4.2) A bicycle traffic control signal installed at an intersection shall be located on the
far side of the intersection from which vehicles are approaching and an additional
bicycle traffic control signal may be located on the near side of the intersection from
which vehicles are approaching. O. Reg. 408/15, s. 1 (2).
(5) Traffic control signals, where installed, shall be not less than 2.75 metres above
the level of the roadway when adjacent to the travelled portion of the roadway and not
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less than 4.5 metres above the level of the roadway when suspended over the travelled
portion of the roadway. R.R.O. 1990, Reg. 626, s. 1 (5).
Note: On January 1, 2017, the day subsection 40 (3) of the 
Transportation Statute
Law Amendment Act (Making Ontario’s Roads Safer), 2015 comes into force,
section 1 of the Regulation is amended by adding the following subsection: (See:
O. Reg. 408/15, s. 1 (2))
(5.1) Despite subsection (5), a bicycle traffic control signal, where installed, shall be
not less than 2.5 metres above the level of the roadway when adjacent to the travelled
portion of the roadway and not less than 4.5 metres above the level of the roadway
when suspended over the travelled portion of the roadway. O. Reg. 408/15, s. 1 (2).
(6) Despite subsection (5), where a traffic control signal system is installed at a
freeway entrance ramp as part of a traffic management system,
(a) one traffic control signal shall be located to the left side of the roadway, not
less than one metre above the level of the roadway; and
(b) one traffic control signal shall be located to the right side of the roadway, not
less than 2.75 metres above the level of the roadway. R.R.O. 1990, Reg. 626,
s. 1 (6).
(7) A symbol “don’t walk” pedestrian control indication shall,
(a) be rectangular in shape and shall not be less than thirty centimetres in height
or width; and
(b) consist of an orange silhouette of a hand on an opaque background as
illustrated in the following Figure:
FIGURE
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R.R.O. 1990, Reg. 626, s. 1 (7); O. Reg. 85/15, s. 1 (1).

(8) A symbol “walk” pedestrian control indication shall be rectangular in shape and
shall be not less than thirty centimetres in height or width and shall consist of,
(a) in the case of a lens that cannot provide a solid symbol, an outlined symbol
of a walking pedestrian in lunar white on an opaque background as illustrated
in Figure 1; or
(b) in the case of a lens that can provide a solid symbol, a solid symbol of a
walking pedestrian in lunar white on an opaque background as illustrated in
Figure 2.
FIGURE 1
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FIGURE 2
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R.R.O. 1990, Reg. 626, s. 1 (8); O. Reg. 213/92, s. 1 (1); O. Reg. 85/15, s. 1 (2).

(9) The positions of the symbol pedestrian control indications referred to in
subsections (7) and (8) shall be as provided in any one of the following paragraphs:
1. The symbols are mounted vertically with the hand outline on top.
2. The symbols are within the same lens and are superimposed over each other.
3. The symbols are side by side within the same lens with the hand outline to the
left. O. Reg. 213/92, s. 1 (2).
(10) A traffic control signal system may be erected and maintained at a place other
than an intersection, in which event the arrangement of the traffic control signals shall
comply as nearly as possible with the provisions of subsections (4) and (5). R.R.O.
1990, Reg. 626, s. 1 (10).
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Note: On January 1, 2017, the day subsection 40 (3) of the 
Transportation Statute
Law Amendment Act (Making Ontario’s Roads Safer), 2015 comes into force,
subsection 1 (10) of the Regulation is amended by striking out “subsections (4)
and (5)” at the end and substituting “subsections (4), (5) and (5.1)”. (See: O. Reg.
408/15, s. 1 (3))
(11) A traffic control signal system that operates as a simultaneous protected and
permissive left turn system shall display a left turn amber arrow indication immediately
after the display of a left turn green arrow indication. R.R.O. 1990, Reg. 626, s. 1 (11).
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Appendix K: O. Reg. 213/91: CONSTRUCTION PROJECTS  TRAFFIC CONTROL
The following is a section of Regulation 213/91 under Occupational Health and Safety Act,
R.S.O. 1990, c. O.1. This outlines regulations regarding safety measures used in construction
areas near traffic and/or on roads. [58]

TRAFFIC CONTROL
67.
(1) In this section,
“barricade” means a device that provides a visual indicator of the path a motorist is
supposed to take;
“barrier” means a device that provides a physical limitation through which a vehicle
would not normally pass, and includes a concrete barrier;
“mobile operation” means work, including a paving operation, that is done on a
highway or the shoulder of a highway and moves along at speeds of less than 30
kilometres per hour. O. Reg. 145/00, s. 21.
(2) If a worker at a project on a highway may be endangered by vehicular traffic
unrelated to the project, the project shall make use of as many of the following
measures as is necessary to adequately protect the worker:
1. Barriers.
2. Barricades.
3. Delineators.
4. Lane control devices.
5. Warning signs.
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6. Flashing lights.
7. Flares.
8. Traffic control devices.
9. Blocker trucks.
10. Crash trucks.
11. Sign trucks.
12. Speed control devices.
13. Longitudinal buffer areas. O. Reg. 145/00, s. 21.
(3) In addition to the measures listed in subsection (2) but subject to section 68, a
worker may be used to direct traffic. O. Reg. 145/00, s. 21.
(4) Every employer shall develop in writing and implement a traffic protection plan
for the employers’ workers at a project if any of them may be exposed to a hazard from
vehicular traffic. O. Reg. 145/00, s. 21.
(5) The traffic protection plan,
(a) shall specify the vehicular traffic hazards and the measures described in
subsection (2) to be used to protect workers; and
(b) shall be kept at the project and made available to an inspector or a worker on
request. O. Reg. 145/00, s. 21.
(6) A worker who is required to set up or remove measures described in subsection
(2) on a roadway or a shoulder of a roadway,
(a) shall be a competent worker;
(b) shall not perform any other work while setting up or removing the measures;
and
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(c) shall be given adequate written and oral instructions, in a language that he or
she understands, with respect to setting up or removing the measures. O.
Reg. 145/00, s. 21.
(7) Adequate barriers shall be installed to protect workers at a project from vehicular
traffic if the project,
(a) is on a freeway;
(b) is not a mobile operation; and
(c) is expected to require more than five days to complete. O. Reg. 145/00, s.
21; O. Reg. 345/15, s. 11 (1).
(8), (9) 
REVOKED
: O. Reg. 345/15, s. 11 (2).
(10) If it is not practical to install barriers as subsection (7) requires, or if the project
is expected to require five days or less to complete, crash trucks shall be adequately
positioned to protect workers. O. Reg. 145/00, s. 21; O. Reg. 345/15, s. 11 (3).
(11) If work on a shoulder of a freeway is expected to take less than 30 minutes to
complete, a vehicle with fourway flashers and a 360degree beacon light shall be
provided. O. Reg. 145/00, s. 21.
(12) If a project is on a freeway and involves a mobile operation, an adequate
number of crash trucks shall be adequately positioned between vehicular traffic and
workers in order to adequately protect workers at the project. O. Reg. 345/15, s. 11 (4).
68.
The following requirements apply with respect to a sign used by a worker to
direct vehicular traffic:
1. It shall be octagonal in shape, measure 450 millimetres between opposite
sides, and be mounted on a pole that is 1.2 metres long.
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2. It shall be made of material with at least the rigidity of plywood that is six
millimetres thick.
3. On one side it shall be highintensity retroreflective grade red in colour, with
the word “STOP” written in legible highintensity retroreflective grade white
letters 150 millimetres high in a central position on the sign.
4. On the other side it shall be high retroreflective microprismatic fluorescent
chartreuse in colour, with a black diamondshaped border that is at least 317
millimetres by 317 millimetres, and with the word “SLOW” written in legible
black letters 120 millimetres high in a central position on the sign.
5. It shall be maintained in a clean and legible condition. O. Reg. 145/00, s. 22.
69.
(1) This section applies with respect to directing vehicular traffic that may be a
hazard to workers on a public way. O. Reg. 145/00, s. 23.
(2) A worker shall not direct vehicular traffic for more than one lane in the same
direction. O. Reg. 145/00, s. 23.
(3) A worker shall not direct vehicular traffic if the normal posted speed limit of the
public way is more than 90 kilometres per hour. O. Reg. 145/00, s. 23.
(4) A worker who is required to direct vehicular traffic,
(a) shall be a competent worker;
(b) shall not perform any other work while directing vehicular traffic;
(c) shall be positioned in such a way that he or she is endangered as little as
possible by vehicular traffic; and
(d) shall be given adequate written and oral instructions, in a language that he or
she understands, with respect to directing vehicular traffic, and those
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instructions shall include a description of the signals that are to be used. O.
Reg. 145/00, s. 23.
(5) The written instructions referred to in clause (4) (d) shall be kept at the project.
O. Reg. 145/00, s. 23.
69.1
(1) A worker who may be endangered by vehicular traffic shall wear a garment
that covers at least his or her upper body and has the following features:
1. The garment shall be fluorescent blaze or international orange in colour.
2. On the front and the back, there shall be two yellow stripes that are 5
centimetres wide. The yellow area shall total at least 500 square centimetres
on the front and at least 570 square centimetres on the back.
3. On the front, the stripes shall be arranged vertically and centred and shall be
approximately 225 millimetres apart, measured from the centre of each stripe.
On the back, they shall be arranged in a diagonal “X” pattern.
4. The stripes shall be retroreflective and fluorescent. O. Reg. 145/00, s. 23.
(2) If the garment is a vest, it shall have adjustable fit. O. Reg. 145/00, s. 23.
(3) A nylon vest to which this section applies shall also have a side and front
tearaway feature. O. Reg. 145/00, s. 23; O. Reg. 345/15, s. 12.
(4) In addition, a worker who may be endangered by vehicular traffic during
nighttime hours shall wear retroreflective silver stripes encircling each arm and leg, or
equivalent side visibilityenhancing stripes with a minimum area of 50 square
centimetres per side. O. Reg. 145/00, s. 23.
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Appendix L: Collision Prediction Model Methodology
The safety of the design for pedestrians is measured using a CPM from a Vancouver safety study
which considers exposure, infrastructure, socioeconomic and transit network variables to
calculate the number of collisions that are predicted to occur over a given period of time at a
given intersection. The basic form used is
a1
E
(Λ) = a
Z
exp( ∑ b
x
)
0
i
i
where 
E
(Λ) is the Predicted collision frequency and a0, a1, bj, Z and xi are various parameters
and variable used to customize the model. By tailoring the model to the proposed intersection
design, the overall safety of the area is quantified. Similar models for bicycle and vehicle safety
are also available. These methodologies are further described below.
Pedestrian CPM [16]
Table 10: Variable Table
Variable

Description

Exposure
V KT

Total transit and vehicle kilometers traveled

VC

Volume to capacity ratio

Infrastructure
INT

# of intersections in a zone

INTD

# of intersections per hectare in a zone

SIG

# of signals in a zone

SIGD

# of signals per hectare

IW3P

Percentage of 3way intersection per intersection

IALP

Percentage of arteriallocal intersection per intersection

Socioeconomic
POP

Population

POPD

Population density

WKG

Residents working in tourism, retail, govt. and construction

77

Engineering
Strategies and Practice

WKGD

Workers per resident

NHD

Zonal home density in units/Ha

FSI

Average zonal family size

TCM

Total # of commuters

DRVC

# of driver commuters

PASC

# of auto passenger commuters

BUSC

# of transit commuters

PEDC

# of pedestrian commuters

COMM

% of commercial land

INST

% of institutional land

RES

% of residential land

Transit Network
NSTOP

# of bus stops

BDEN

Bus stop density

NS

Near sided stops

FS

Far sided stops

MB

Midblock stops

TL

Stops in a through lane

IS

Average spacing between stops

AMF

Sum of route frequencies (AM peak)

Collisions
PEDCOL

Pedestrian collisions over 5 years

The model form used is:
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a1
E
(Λ) = a
Z
exp( ∑ b
x
)
0
i
i

E
(Λ)= Predicted collision frequency (over a period of six years).
a0, a1 and bj= parameters of the model
Z= Exposure variable, which refers to variables required in order for pedestrian collisions to
happen. At a zero exposure collisions must be zero as well.
xi= Additional explanatory variables, which can also explain pedestrian collision occurrence.
Vehicle CPM [25]
Model form used is:
a1 a2
E
(Λ) = a
V
0
1V
2
E
(Λ)
= collision frequency (collisions/5 years)
V
= Section annual average daily traffic (AADT
a
, a1, a2 = Model parameters
0

Bicyclist CPM [24]
(Model form 1)
EB = a0exp(a1B+a2Z+∑biXi)
(Model form 2)
a2
EB = a0Z
exp(a1B+∑biXi)
(Model form 3)
a1
EB = a0[(B + 1)]
exp(a2Z+∑biXi)
(Model form 4)
a1 a2
EB = a0(B + 1)
Zexp(∑biXi)
EB= Predicted bicycle collision frequency (over a period of 5 years).
a0, a1 and bi= parameters of the model
B= Leading exposure variable of bicycle use
Z = Leading exposure variables
Xi= Other explanatory variables
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Appendix M: Traffic Simulation Software
Overview
Traffic flow is measured using DYNASMARTP and TSISCORSIM (traffic simulation
softwares). DYNASMARTP is a traffic network planning software that provides dynamic
network assignment models as well as traffic simulation models. Input data varies depending on
the network being analyzed and the desired level of detail but the software requires a network
representation that can be modeled from the proposed design. Output includes volumes, speeds,
delays, etc. TSISCORSIM is a microscopic simulation model that can simulate the movements
of individual vehicles using stochastic methods and can analyze the effects of extremely detailed
strategies.
DYNASMARTP
DYNASMARTP (Dynamic Network AssignmentSimulation Model for Advanced Roadway
Telematics Planning version) is a mesoscopic (Appendix O) network assignment and traffic
simulation software that is used primarily in traffic analysis and planning decisions [108]
Price: $1750 USD x (1.32 CAD/1 USD) = $2310 CAD [59]
The following is taken from [108]
Benefits:
● A
nalyzes dynamic traffic demand and traffic management strategies.
●
●
●
●

Produces detailed operations data and graphical animation for regionwide operations planning
analyses.
Assists planners in evaluating ITS projects.
Produces realistic traffic operations data for air quality analyses.
Helps to assess impacts of different work zone management strategies, which have regional
significance.

Limitations:
● Cannot model detailed traffic maneuvers. (eg. lanechanging, weaving operations,
emergency transportation management strategies)
● Includes only limited transit and intermodal modeling capabilities
Input:
Input data is similar to data used in traditional traffic assessments and models. This includes
network representation and spatial demand loading patterns. The input data is highly variable
depending on the desired level of detail and the network considered [59].
Output:
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Returns a report containing data such as volumes, speeds, travel times, delays, etc. It can also
return paths for individual vehicles and display simulation results through both static and
animated graphical formats [59].
Figure 24: Dynasmart Pt. I. Image from
(
https://encryptedtbn2.gstatic.com/images?q=tbn:ANd9GcSeuMnJ_YTYxzyl7rocKS2woUHFP
KYdep48BtykkbtIOwq7xSA
.)
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Figure 25: Dynasmart Pt. II. Image from (
http://mctrans.ce.ufl.edu/featured/dynasmart/DSP.png
)

TSISCORSIM [109]
TSIS is a software package that includes a collection of tools used in traffic engineering and
analysis. TSISCORSIM (Traffic Software Integrated System  Corridor Simulation) is one tool
that is part of this toolkit. CORSIM is a microscopic (see appendix O) traffic simulation used in
traffic design and analysis to simulate detailed surface streets, freeways and integrated networks.
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It incorporates many control devices and simulates vehicle behaviour using a stochastic model
[110].

Price: $1500 USD x (1.32 CAD/1 USD) = $1980 CAD [111]
Capabilities and Limitations
The following is presented in [110]
Surface Street Modeling Capabilities
Modeling Capabilities
Bottlenecks  Yes
Complex intersections  Yes
HOV lanes  Yes
Onstreet parking  Yes
Twoway left turn lanes  No*
Oversaturation  Yes
Timevarying demand  Yes
Incidents  Yes
Pedestrians  Yes
Workzones  Yes
Unsignalized intersections  Yes
Allway stops  Yes
Roundabouts  No*
Fixedtime signals  Yes
Actuated signals  Yes
Signal coordination  Yes
Surveillance  Yes
Uturns  No*
Transit signal priority  No
Bus operations  Yes
Light rail  No*
* These features are not modeled explicitly by CORSIM, but can be modeled using basic
CORSIM elements. Some of them require using both surface street elements and freeway
elements.
Surface Street Input Data
Input Data
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Node coordinates  Yes
Link length  Yes
Grade  Yes
Number of lanes  Yes
Lane channelization  Yes
Turn pockets  Yes
Pedestrian traffic  Yes
Freeflow speed  Yes
Turn percentages  Yes
Timevarying turn percentages  Yes
Traffic composition  Yes
Vehicle occupancy  Yes
OD table  Yes
Signal timing plan  Yes
Surveillance detectors  Yes
Single ring actuated control  Yes
Dual ring actuated control  Yes
Userdefined driver characteristics  Yes
Output:
Results consists of measures of effectiveness used to measure traffic systems [110].
● Vehicle Trips  The number of vehicles that have been discharged from the link since the
beginning of the simulation.
●
● Vehicle Miles  The vehicle trips times the length of link.
● Total Time (vehmin)  Total time on the link for all vehicles.
● Move Time (vehmin)  The theoretical travel time if vehicles are traveling at the free
flow speed, calculated by the total travel time multiplied by the ratio of the calculated
speed to the free flow speed.
● Delay Time (vehmin)  The difference between the total travel time and the moving
time, represents the time that vehicles are delayed if they cannot travel at the free flow
speed.
● Total Time (min per mile)  The average actual travel speed on the link, calculated by
taking the total travel time and dividing it by the vehicle miles.
● Delay Time (min per mile)  The delay time in vehmin divided by the vehicle miles
traveled.
● Total Time per vehicle (sec per veh)  The average travel time on a link for each vehicle,
calculated by taking the total travel time and dividing it by the number of vehicle trips.
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● Delay Time per vehicle (sec per veh)  The average delay on a link for each vehicle,
calculated by taking the delay time in vehmin and dividing it by the number of vehicle
trips.
● Queue Delay per vehicle (sec per veh)  Delay calculated by taking vehicles having
acceleration rates less than 2 feet per second2 and speed less than 9 feet per second. If a
vehicle's speed is less than 3 feet per second, it will be included every second. Otherwise
it will be included every two seconds.
● Control Delay per vehicle (sec per veh)  (see Control Delay)
● Stopped Time per vehicle (sec per veh)  The time the vehicle’s speed is less than 3
feet/second on the link and includes the bus dwell time.
● Stop Percentage  The ratio of the number of vehicles that have stopped at least once on a
link to the total link trips.
● Average Volume (veh per hr)  Total vehicle trips divided by the simulation time.
● Average Speed (miles per hr)  Total vehicle miles divided by the total travel time.
● Average Occupancy (veh)  The summation of the vehicle content on a link every 5
seconds for the entire simulation run.
● Storage (%) This is a value calculated by taking a constant (i.e., 6) times the adjusted
vehicle length (i.e., a weighted average of all vehicle types on a link) divided by the lane
length (i.e., includes the full lanes and turning pockets).
● Phase Failure  The number of times during the simulation that the queue fails to be
discharged completely during a green phase.
● Average Queue Length by lane (veh)  The average queue length on a lane since the
beginning of the simulation.
● Maximum Queue Length by lane (veh)  The maximum queue length that was observed
on a lane since the beginning of the simulation (i.e., 100 percentile). Input and Output
Details CORSIM User's Guide 217
● Number of Lane Changes  The number of lane changes that occurred on a link during
the simulation run.
● Vehicles discharged per lane
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Figure 26: TSISCORSIM Pt. I. Taken from (
http://mctrans.ce.ufl.edu/images/OneTouch.jpg
).
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Figure 27: TSISCORSIM Pt. II. Taken from (
http://mctrans.ce.ufl.edu/images/OneTouch.jpg
).
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Appendix N: ASTM D6521  13
This test utilizes residue from ASTM D2872 12e1(Standard Test Method for Effect of Heat and
Air on a Moving Film of Asphalt (Rolling ThinFilm Oven Test)). ASTM D6521 13 simulates
inservice oxidative aging of asphalt binders during pavement service. Residue form D2872 
12e1 is placed in stainless steel pans and is aged for 20 hours in a vessel pressurized with air to
2.10 MPa at a specified temperature (varies depending on grade of asphalt). The residue is then
degassed. [112]
Apparatus:
Figure 28: Apparatus SetUp. Taken from [112].
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Appendix O: Traffic Simulation Classification
Figure 29: Different Types of Traffic Simulation Classes [113]

Definitions taken from
https://www.civil.iitb.ac.in/tvm/1111_nptel/535_TrSim/plain/plain.html#SECTION0015330000
00000000000
Mesoscopic Traffic Simulation Models: “
A mesoscopic model generally represents most entities
at a high level of detail but describes their activities and interactions at a much lower level of
detail.”
[113]
Microscopic Traffic Simulation Models: “A microscopic model describes both the system
entities and their interactions at a high level of detail. Car following models and lane changing
models are some significant examples.
”[113]
Stochastic Models: “Stochastic models have processes which include probability functions.”
[113]
Appendix P: Human Factors  Use Cases
The following use cases were developed by the team for human factors analysis:
“As a commuter, I want to see no congestions at the intersection of Bathurst and Lennox St at
rush hours, so that I can pass through the intersection quickly to get to work. I want to be able to
understand traffic signals and signs so I can get to work safely. And I want to get home in a
similar manner.”
“As a retail visitor, I want to enter and exit the parklot safely and quickly. I also want to have a
more friendly environment for my family when visiting the commercial areas.”
“As a pedestrian, I want to cross the Lennox and Bathurst St. safely. I also want to have a more
friendly environment for my family when visiting the commercial areas. ”
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“As a cyclist, I want to safely access to my destination. I want to safely and quickly find a
parking space. ”
“As a local resident in the newly developed residences, I want to be able to easily and safely exit
and enter the new parking garage. I want to be able to see and understand the signs and signals so
I can travel safely. I also don’t want the street to be congested when I leave and go home.”
“As a resident in the homes around the new site, I want to have access to parking close to my
home. I also want to be able to get around easily with my car. I want to be able to see and
understand the signs and signals so I can travel safely. I also don’t want the street to be
congested when I leave and go home.”
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Appendix Q  Conversion from USD to CAD
Noon exchange rates taken on March 28, 2016 [114]
Price in CAD = Price in USD x (1.32 CAD/1 USD)
Pedestrian Signals + Installation:
$740 USD x (1.32 CAD/1 USD) = $974.73 CAD
Speed Radar Board + Installation:
$9,510 USD x (1.32 CAD/1 USD) = $12,526.57 CAD
Street Lights + Installation:
$4,000 USD x (1.32 CAD/1 USD) = $5,268.80 CAD
Signage + Installation:
$300 USD x (1.32 CAD/1 USD) = $395.16 CAD
Road Construction:
$56,000 USD x (1.32 CAD/1 USD) = $73,763.20 CAD
Urban Landscaping:
$10,800 USD x (1.32 CAD/1 USD) = $14,225.76 CAD
$29,200 USD x (1.32 CAD/1 USD) = $38,462.24 CAD
Disposing Old Concrete Debris:
$187 USD x (1.32 CAD/1 USD) = $246.32 CAD
Reconfigure Traffic Light Timings:
$2,500 USD x (1.32 CAD/1 USD) = $3267.75 CAD
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