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Engineering Strategies and Practice 

 

Executive Summary 

 

The Harbord Village Residents’ Association wants to increase cycling safety in Harbord Village, 

a neighbourhood in downtown Toronto. Residential streets running North/South are one-way but 

change directions every few blocks, as many as three times. This lack of continuity increases the 

occurrences of cyclists riding counter traffic flow, which results in an increase in accidents.  

 

The most important objective in this design is preventing accidents on residential streets. The 

primary function of the design is to direct cyclists away from vehicles. Any design that meets 

this functionality must abide by the constraints, notably, not reducing parking spaces by more 

than 10%, and meeting all municipal bylaws and codes regarding road infrastructure.  

 

The proposed design implements a contraflow lane on Brunswick Avenue to allow cyclists to 

ride against the one-way traffic direction in a designated bicycle lane, while cyclists riding in the 

same direction as the one-way traffic direction share a lane with cars. Separated by a solid 

yellow line from the shared lane, the contraflow lane provides safety to cyclists by dividing the 

street into distinct travel directions.  

 

Contraflow lanes are standard measures used by the City of Toronto to increase safety on one-

way streets. As such, most aspects of the design, painting lanes and symbols on the road, and 

adding new road signs, are standardized and easily implementable. The proposed bicycle lane 

with width of 1.6m meets all regulations, while still providing other road users sufficient space. 

 

As part of the implementation, parking on Brunswick Avenue will need to change from an 

alternating parking side system, to a permanent side to accommodate the new contraflow lane. 

Furthermore, at the intersection of Harbord Street and Brunswick Avenue, some sidewalk will be 

removed as it currently narrows to prevent vehicles from turning the wrong way. The contraflow 

lane will be placed where the sidewalk currently extends outward.  

 

The completed Final Specifications Document will be sent to the client for reference, and 

presented to a panel consisting of the client and the teaching team on April 27, 2017.  
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1.0 Project Requirements 

 

Harbord Village is a neighbourhood in Toronto bounded by Bloor Street, Spadina Avenue, 

College Street, and Bathurst Street [1]. The Harbord Village Residents’ Association represents 

the people living in Harbord Village and aims to improve safety and advocates for residents. 

 

1.1 Problem Statement 

 

The Harbord Village Residents’ Association needs to improve cycling safety in their 

neighbourhood. There currently lacks a way for cyclists to travel from the South to the North end 

of Harbord Village without major detours. All roads in the North/South direction are one-way 

streets that change direction multiple times throughout the neighbourhood (Appendix A). This 

prevents vehicles from using the neighbourhood as a shortcut to avoid traffic on nearby major 

roads. However, it does not provide any North/South continuity and results in cyclists going 

against the one-way traffic [2].  

 

The project focuses on improving safety on residential streets, rather than intersection design, 

because the neighbourhood lacks a safe way for cyclists to quickly transverse in the North/South 

direction without the risk of being harmed by vehicles in the area. Nevertheless, North/South 

roads are also affected by intersections, which have traffic lights that change only in the presence 

of cars or pedestrians, but not cyclists [3-4]. Bloor Street is presently under extensive studies and 

improvements regarding cycling safety, hence it is not in the scope of this project [5]. The 

intended result of the project is to reduce the number of cyclists riding against traffic-flow.  

 

 
Figure 1: Map of Harbord Village [6] 
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1.2 Stakeholders    

 

The stakeholders are those who might be affected by the design, and therefore have interests that 

impact the project requirements. Most stakeholders’ interests relate to safety and minimizing 

negative impact from possible augmentation to the neighbourhood.  

 

Table 1. A List of Stakeholders, Interests, and Impacts on the Project 

 Stakeholders Interests  Impacts on FOCs 

1 Ward 20 City Councillor 
(Joe Cressy) [7] 

Build strong neighbourhood and public 
infrastructure [7] 

F2,F3,O1,O2,O3,
O4,C3,C4,C5 

 

2 

Nearby schools  

(three elementary schools, 
one high school, one 

university [8-9][41][43-
44]) 

Educate students in a safe environment 

[10-12] 

F1,F2,O1,O2,O3,

O5,O6,C1,C2 

 

3 

Harbord Street Business 

Improvement Area [13] 

Increase customer flow and preserving 

business [14-15] 

O1,O2,O3,O5,O6,

C1,C2 

4 Toronto Police Service 

[16] 

Reinforce safety and security in the City 

of Toronto [17] 

F2,F3,O1,O6 

 

5 

Mirvish village [18] Ensure safety and accessibility for casual 

cyclists and regular commuters [19] 

F1,F2,O1,O2,O3,

O5,O6,C2 

 
6 

Toronto Transportation 
Service [20] 

Maintain normal operation of traffic 
systems, including pedestrian and cycling 

programs [20] 

O1,O2,O3,C5,C2 

 

7 

Toronto Environmental 

Alliance [21]  

Improve green spaces and transportation 

to create a green city [21-22] 

O2,O3,O5,C4 

 

1.3 Functions 

 

Functions are what the design must do to be considered a solution. Stemming from a functional 

basis, they are broken down into primary and secondary functions.  

 

1.3.1 Functional Basis 

● Control and separate mass of cyclists and vehicles  

 

1.3.2 Primary Function 
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Primary function defines what the design must do. 

● F1- The design shall direct cyclists and vehicles away from each other.  

 

1.3.3 Secondary Functions 

Secondary functions enable or result from the primary functions. 

● F2 - Maintain safety of cyclists. 

● F3 - Decrease traffic-law infractions.  

 

1.3.4 Unintended Function 

Unintended functions do not align with the primary functions or functional basis.  

● F4 - Affect surrounding traffic.  

 

1.4 Objectives 

 

Objectives are criteria that the design should aim to achieve. They are listed in order of priority 

with Objects 5 and 6 being weighted equally (Appendix B). 

 

Table 2. Objectives with Respective Metrics and Justifications 

 Objective Objective Goal Justification 

 

 

1 

Preventive of 

accidents on 

residential streets 

Design should provide at 

least 2m of space for 

cyclists.  
 

According to City By-Laws, bike 

lanes should be 1.5m wide if 

adjacent to a curb, and 1.8m wide if 
adjacent to parking [23] 

 
 

 

2 

Quickly and 
constantly accessible 

Design should give cyclists 
access to North/South 

continuity within 100m of 

any road in Harbord 
Village. 

 
Design should be 

constantly accessible. 

The lack of North/South continuity 
in Harbord Village entices more 

cyclists to ride against traffic [24]. 

 
Minimizing the distance to access a 

continuous North/South road allows 
cyclists to more quickly transverse 

the neighbourhood. 

 

3 

Non-destructive to 
surrounding 

infrastructure 

Design should not remove 
or damage existing roads, 

buildings, or parking 
spaces.  

Modern traffic signal systems cost 
up to $150 000 [25], thus changing 

the current system would be costly. 
 

 

 
4 

Inexpensive to 

implement 

Design should cost less 

than $20 000.  
 

Contraflow lanes cost 

approximately $15 000 per 
kilometer to install [26]. 

 
Bloor Street bike lanes costed 
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approximately $500 000 [25]. 

 

5 

Non-destructive to 

the environment 

Design should not 

damage/remove any green 
space.  

Toronto Board of Health: “green 

spaces contribute to better health” 
[27-28]. 

 

 
6 

Cautious to effect on 

traffic and congestion 

Design should cause no 

significant change to 
surrounding traffic. 

Historically, slow traffic caused 

drivers to use the residential roads 
to save time, leading to accidents. 

 
Congestion problems cost $6 billion 

annually [29]. 

 

1.5 Constraints 

 

Constraints in this project relate to parking and abiding by the law. 

 

1. The design shall not eliminate over 10% of parking spaces [30] 

2. The design shall not close down streets. 

3. The design shall follow the traffic and parking by-laws of the City of Toronto [31] (Appendix 

C). 

4. The design shall meet The Private Tree by-law [32] (Appendix D). 

5. The design shall not affect the operation of Toronto Transportation Commission (TTC) [33] 

(Appendix E). 

 

1.6 Service Environment 

 

Harbord Village is a neighbourhood bounded by Bloor Street, College Street, Spadina Avenue, 

and Bathurst Street. 

 

Physical Environment 

● Harbord Street runs East/West through neighbourhood (Appendix A) [34].  

● Bicycle lanes are currently in use on Bloor Street, Harbord Street, and College Street [35-

36].  

● The Harbord cycling route is the second busiest in Toronto. Daily cycling volumes: 3500-

3900 [37]. 

● The North/South residential streets are all one-way streets that change directions 

throughout (Appendix A).   

● Garbage collection are scheduled on Tuesdays [39].  

● The neighbourhood has five Bike Share locations [36], four parks [38], three elementary 

schools, and one high school [40-43]. 

● Harbord Village has strong ties with the University of Toronto [44]. 
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● Most properties were built before 1960 [45]; 349 houses have received Heritage 

Designation (Appendix F) [46-48]. 

● Average temperatures: -10℃ to 30℃.  

● Average annual rainfall and snowfall: 709 mm and 133 cm, respectively [49].  

 

Living Environment 

● Most families are upper-middle class [45].  

● Main non-official languages (in descending popularity): Portuguese, Spanish, Cantonese, 
Italian, Mandarin, German, Hebrew, Korean, Unspecified Chinese, Vietnamese [45][50]. 

● Raccoons and squirrels may chew on electrical wires [51-52]. 

 

Virtual Environment 

● Some intersections have semi-actuated loop detectors for vehicles/pedestrians only [3-

4][53]. 

 

1.7 Client Ethics and Values 

 

Harbord Village Residents’ Association is a non-profit organization that “[works] for the benefit 

of residents” in the area [54]. The client respects different point of views, and seeks a solution 

that is mutually-beneficial to all. The organization also values diversity, cooperation, and strives 

to preserve and strengthen the stability and friendliness of the neighbourhood [54]. Specifically, 

the client is concerned with minimizing public objections that originate from significant impacts 

on existing neighbourhood infrastructures. 

 

2.0 Detailed Design 

 

The design implements a single contraflow lane in the middle of Harbord Village on Brunswick 

Avenue that allows cyclists to ride between College Street and Bloor Street. A contraflow lane is 

a designated lane that allows bicycles to travel in the opposite direction of a one-way street [55]. 

Since Brunswick Avenue changes road directions on Ulster Street, Harbord Street, and Sussex 

Avenue [6] (Appendix G), a contraflow lane provides cycling continuity across the 

neighbourhood. 
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Figure 2: Map highlighting Brunswick Avenue [6] 

 

2.0.1 Design Specifications 

 

Brunswick Avenue has a width of 7.3m [56], which provides enough space for a contraflow bike 

lane (1.6m), a shared vehicle and bike lane (3.0m), and parking space (2.7m) (Figure 3).  

 
Figure 3: Proposed Contraflow Lane 
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The diamond and bike symbols (Figure 4) will be painted on the road to inform road users that 

the lane is reserved for cyclists only [57]. The contraflow bike lane will be divided from the rest 

of the road with a solid yellow line, indicating opposite direction [56]. Arrows will be painted in 

the direction of the lane, every 20m and at every intersection.  

 

 
Figure 4: Proposed Road Markings [56] 

 

Contraflow lanes are placed to the immediate left of the driver [56]. Since parking on Brunswick 

Avenue currently alternates sides on a biweekly basis (see section 2.1), parking spaces will be 

permanently changed to be on the immediate right side of the driver. Depending on the direction 

of the traffic flow, the lane will be placed throughout Brunswick Avenue as illustrated below: 
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Figure 5: Diagram showing the bike lane placement 

 

Currently, there is a section of extended sidewalk at the intersection between Brunswick Avenue 

and Harbord Street (Figure 6) which affects the bike lane implementation. Therefore, this section 

of the sidewalk will be partially removed (Figure 7). 



 

Engineering Strategies and Practice 

9 
 

 
Figure 6: Current intersection between Harbord and Brunswick [58] 

 

On all three major intersections on Brunswick Avenue, there are road markings directing 

vehicles to turn onto Eastbound/Westbound roads due to the direction changes. Additional road 

markings will be painted to direct the cyclists through these intersections. No changes are needed 

regarding traffic signals, as they already exist at these intersections. The changes to the 

intersection between Brunswick Avenue and Harbord Street are reflected in Figure 7, and other 

intersections will be changed in a similar fashion.  

 

 
Figure 7: Proposed intersection road marking and partial removal of sidewalk 
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Water based polymer paint will be used for pavement marking. The paint is highly reflective 

with initial retro reflectivities of approximately 275 mcd (white) and 180 mcd (yellow). [59-60] 

 

2.0.2 Design Qualifications  

 

Contraflow lanes have been commonly implemented in other parts of Toronto, and have been 

proven to be reliable and effective in encouraging safe riding behavior [56][61-62]. The design 

meets the primary function of directing vehicles and cyclists away from each other by providing 

cyclists a designated lane when riding against the traffic flow. It also meets the constraints by not 

eliminating any parking spaces, not closing down any streets, and obeying the law (further 

discussed in 2.1). The design does not alter the current vehicle road directions, nor has any other 

effect on the operation of TTC. 

 

The design also satisfies the top objectives, reducing accidents, accessible, non-destructive to 

surrounding infrastructure, and inexpensive to implement (Table 3). By providing cyclists with a 

dedicated contraflow lane and a shared lane (1.6m wide and 3m wide respectively), the design 

encourages cyclists to use Brunswick Avenue to travel North/South instead of going against the 

traffic flow on one-way streets. Through reducing the number of cyclists riding against traffic 

and providing cyclists a safe amount of space, the design is highly preventative of accidents. 

Additionally, Brunswick Avenue is in the middle of Harbord Village, which allows cyclists to 

access North/South continuity within 150m from any point in the area. The design costs 

approximately $13 000, which meets the objective goal of $20 000. Lastly, the only change to 

existing infrastructure is the partial removal of a small section of sidewalk (Figure 6-7).  

 

Table 3. Table of Objectives for Single Contraflow Lane on Brunswick Avenue 

Number Objective Description of design  

1 Preventive of accidents 

on residential streets 

Contraflow lanes provide 1.6m of designated cycle lanes. 

 

The design provides 3.0m of shared lanes. 

2 Quickly and constantly 

accessible 

Maximum travel distance to a North/South continuous 

road: approximately 150m (Appendix H). 
 

Accessible at all hours and seasons. 

3 Non-destructive to 
surrounding 

infrastructure 

The design requires the removal of a small section of 
sidewalk.  

 
The design requires painting new lines on the road. 
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4 Inexpensive to 
implement 

Estimated cost: $13 000 (Section 2.7: Economics). 

5 Non-destructive to the 
environment 

The design does not interfere with green space. 

6 Cautious to effect on 

traffic and congestion 

Roads will remain one-way for vehicles, allowing for a 

traffic calming effect in the neighbourhood.  

 

2.1 Regulations, Standards, and Intellectual Property 

 

The applicable regulations consist mainly of city by-laws relating to minimum road width and 

speed limits. The current speed limit on Brunswick Avenue from College Street to Bloor Street is 

30 km/h [63-64], which would remain unchanged and contribute to the safety of the design. 

 

On Brunswick Avenue, parking alternates sides halfway through each month (Table 4) [65]. As 

the contraflow lane needs to remain permanently on one side of the road, the design requires 

parking to permanently remain on the driver’s right side of the road. 

 

 

Table 4. Current parking on Brunswick Avenue from College Street to Bloor Street [65] 

Side of parking From (street) To (street) Time period 

Driver’s Right College Street Ulster Street Always 

Driver’s Left Ulster Street Bloor Street April - November (inclusive) 

● 1st - 15th day of month  

Driver’s Right Ulster Street Bloor Street April - November (inclusive) 

● 16th - last day of month  
December - March (inclusive) 

● Always 

 

The use of diamond and bike markings on the contraflow lane are standard practices in the City 

of Toronto, making it clear for users to comprehend [66]. Furthermore, city standards also dictate 

the use of painted solid yellow lines to indicate opposite direction between the vehicular and 

contraflow lanes [56]. The proposed lane widths all meet minimum city regulations (Table 5).  
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Table 5. Road width regulations from City of Toronto By-laws. 

 Regulation Design Implementation 

Minimum Parking Space Width 2.6m [57] 2.7m 

Minimum Vehicle Lane Width 2.8m [58-59] 3.0m  

Minimum Contraflow Lane Width 1.5m [23][60] 1.6m 

Minimum Road Width in this configuration 6.9m 7.3m 

 

2.2 Testing 

 

As the objective metrics (section 1.3) are addressed in the detailed design (section 2.0), the tests 

recommended here are supplementary to provide more evidence on the effectiveness of the 

design in preventing accidents. 

 

Computer simulations are efficient in predicting traffic patterns [68]. Previous studies have used 

computer simulation to test possible bike lane scenarios, and it is recommended that the city 

model different traffic scenarios to verify the effectiveness of the design [69]. More effective 

testing can be done by having a test period where the number of accidents in the neighbourhood 

is compared to the number of accidents pre-implementation through city records [62][70].  

 

The paint used for the road markings will be subject to regular testing according to the Ontario 

Ministry of Transportation Service Test Standard 1712.05.06 (Appendix I). This standard tests 

whether the paint is suitable for application on road surfaces [67][71].  

 

Table 6. Methods of Testing the design to achieve objectives 

Test Method of Testing 

Computer 

Simulation/Modelling 

Use Emme by INRO to model traffic patterns with the contraflow 

lane and observe different scenarios [72]. 

Pilot/Test Period Observe reported traffic patterns post-implementation against pre-

implementation 
● Collisions 

● Near collisions 

● Cyclists riding the wrong way on nearby streets 
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Paint Test Apply the Ontario Ministry of Transportation Service Test Standard 
1712.05.06. The standard outlines the procedure for testing the paint 

used on public roads [67]. (Appendix I) 

 

2.3 Implementation Requirements 

 

Since all changes to roads in the City of Toronto must be approved by the city council, the 

implementation plan focuses on the steps the client would take to propose the design to the city. 

It also outlines some initial actions for the city, but stops before the physical construction of the 

contraflow lane. 

 

Client Actions: 

● Complete basic information collection of the project including: 

○ A road alteration report (written by staff of Transportation Services) [73] 

○ Location plans of the proposed bicycle lanes [74] 

 

● Finish following consultations [75]: 

○ Stakeholder meeting 

○ Public consultation (residents and business) 

  

●  Assist Toronto Transportation Service to complete the following evaluations [76]:  

○ Public support for the project 

○ Effectiveness of the contraflow lane 

○ Impact on cycling volumes on nearby bike lanes 

○ Impact on traffic flow and existing parking on surroundings 

○ Impact on pedestrians  

  

● Report to Public Works and Infrastructure Committee [77] 

 

● Report to the City Council [77] 

 

 City of Toronto Actions: 

● Calculate and evaluate financial impact including [78]: 

○ Cost for implementation 

○ Cost for ongoing maintenance 

 

2.4 Life Cycle and Environmental Impact 

 

This section uses life cycle analysis to show potential environmental impacts caused by the 

implementation of the project. The scope is limited because the detailed design must meet the 



 

Engineering Strategies and Practice 

14 
 

public construction standards set by the City of Toronto. The installation of a contraflow lane has 

been previously done by the city, therefore all materials and processes used in the design have 

already been tested, evaluated, and approved by the city to meet its environmental standards. 

 

 
Figure 8. Pavement marking LCA [79-82] 

 
Figure 9. Sidewalk removal LCA [83-85] 

 

Table 7. Environmental impact 

Environmental Impact Details Mitigation/Improvement 

Technique 

Exposed to harmful 

material 

Water-based paints contains 3-7% 

solvent content [86] 
 

“Volatile Organic Compounds from 

solvent emission contribute to 
harmful ozone formation” [86] 

 
Low level exposure to solvent may 

cause fatigue, irritation and 

Road construction workers 

are required to wear 
respirators for protection [88]. 

 

Pavement marking is always 
ventilated to reduce negative 

influence on construction 
workers [88]. 
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emotional instability [87].  

Disposal of toxic 

concrete wastewater 

“Concrete wastewater causes burns 

[similar] to a strong acid” [91] 
 

pH of concrete waste water is 12-13, 

while that of Toronto water is 7.7 
[91-92] 

An array of tablets need to be 

used to reduce the pH before 
delivering washwater [93]. 

Contribute to reduced 
greenhouse gas 

emission 

 

Bike lanes can promote ridership 
[89], and thus encourage the 

reduction of greenhouse gas 

emission [90].   

The encouragement of 
cycling in the neighbourhood 

contributes to reducing the 

use of carbon emitting 
vehicles. 

 

 

2.5 Human Factors 

 

The proposed design focuses on user experience and universal design. There is a particular focus 

on design elements that broaden the range of users or encourage the user to use the design for 

transportation.  

 

User experience was analysed through use cases to find specific pain points in a user's journey.   
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Figure 10. User journey without design 
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Figure 11. User journey with design  

 

 
Figure 12. Use case between cyclist and design 
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In the design, each interaction with the user is guided. By providing a dedicated space and 

increasing visibility, the user can feel comfortable and safe. At the same time, the design’s 

centralized location and straight path allow the user to save time. Ultimately, the design reduces 

the pain points in the user’s experience by eliminating the current tradeoff between travelling 

time and safety.  

 

The design is intuitive since images and symbols are used to direct users instead of words. The 

regular image of a bicycle with diamond symbols on the contraflow lane, informs users that the 

lane is reserved specifically for bikes, without the need to read or analyse. At each intersection, 

the user is guided by three painted arrows, clearly indicating the direction the cyclist should 

travel. Coupled with the yellow borders of the lane that indicate opposite direction, this 

information provides a clear path for cyclists to follow. 

 

The design accommodates a large range of users by keeping its information perceptible, and by 

being flexible and spacious. The design’s uses large images painted using reflective paint 

provide visibility from a distance, even under poor lighting conditions. 

 

The lack of a physical barrier between the contraflow lane and the road accommodates cyclists 

who ride at different speeds by allowing other cyclists the space to pass. In the same regard, in an 

instance where a cyclist is unintentionally riding in the wrong direction, they have the space to 

avoid collision with another cyclist.   

 

2.6 Social Impact 

 

The design addresses a cycling safety concern in Harbord Village and will have an overall 

positive social impact. Cyclists will have a facilitated route through the neighbourhood, while the 

original traffic calming effect of the alternating one-way streets remains unchanged preventing 

external traffic from using the neighbourhood as a shortcut [94]. This satisfies the safety interests 

of the nearby schools, the Toronto Police Service, and the Mirvish Village.  

 

The implementation of the design encourages more residents to incorporate cycling into their 

daily lives, thus increasing neighbourhood activity, positive interaction between residents [95], 

and addresses the stakeholder interest of the Harbord Street Business Improvement Area and the 

City Councillor. Additionally, encouraging cycling provides an alternative to motorized vehicles, 

which contributes to lowering the carbon emission rate [96]. This produces a positive impact on 

the environment and satisfies the interests of the Toronto Environmental Alliance. 

 

Parking will be modified to become permanent on the right side of the driver, eliminating the 

existing alternating-side parking, which will cause some residents to be unsatisfied. However, 

the design balances the concerns of the different stakeholders by increasing the sense of 
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community in a safe manner that does not jeopardize any local businesses, traffic systems, or 

green spaces.  

 

2.7 Economics 

 

The proposed cycling route on Dowling route indicates that the approximate cost for installing a 

contraflow lane is $15 000/km (Appendix J). The following table breaks down the cost into 

different possible components. The estimate from the Dowling route ($15 000) is consistent with 

the following ($13 000).  

 

Table 8. Detailed Cost 

Type of Cost Expense Details Cost Amount 

Capital Cost Purchasing water-based 

polymer paint (Latex) for 

pavement markings 
 

$8800 (Appendix K) 

 Installation price $2600 (Appendix L)  

 Sidewalk removal cost 7.79/sqft  

Approximately $1300 total 
(Appendix M) 

Disposal Cost Hydroblasting paints removal 
method 

$0.32/ft [97] 

Operating Cost Maintenance cost of painting 
material per year 

Spring, summer, and fall: 
Sweeping cost: $12 000/year 

Winter: $7000/year [98] 

Variable Cost Labour cost: Road 
construction worker salary 

$22.09/hour [99] 

External Cost Potential benefit by reducing 
bike injures 

(Appendix N) 

Total Cost The total cost may be different 

due to product cost variation 

~ $13 000/service life 

(Appendix O) 
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3.0 Project Management Plan 

 

The following table presents a list of tasks, brief descriptions, and respective timelines. 

 

Table 9. Tasks and Respective Timelines 

Task Description Date 

First Client Meeting Discuss and clarify the problem January 29, 2017 

Completion of Project 

Requirements (PR) 

The problem is identified with 

requirements 

February 17, 2017 

Second Client Meeting Discuss the project requirements and set 
targets for the CDS 

February 18, 2017 

Meeting Minutes sent to 
client 

Meeting notes are compiled and sent to 
client for reference 

February 20, 2017 

Client feedback  Client feedback on PR expected February 21, 2017 

Completion of Conceptual 
Design Specifications (CDS) 

Solutions generated and the best design 
is proposed for client approval 

March 20, 2017 

Third Client Meeting Discuss the proposed designs and set 
targets for the FDS 

March 25, 2017 

Meeting Minutes sent to 

client  

Meeting notes are compiled and sent to 

client for reference 

March 26, 2017 

Client feedback  Client feedback on CDS expected March 30, 2017 

 

Completion of Final Design 

Specifications (FDS) 

A final design is chosen and further 

specified for final presentation 

April 15, 2017 

(tentative) 

Final Presentation The final design is presented to a panel 
consisting of the client and members of 

the teaching team 

April 27, 2017 

 

 

4.0 Conclusion / Recommendations  

 

Currently, Harbord Village lacks infrastructure to support safe cycling. Roads running 

North/South have no continuity, resulting in an increase in incidents of bicycles riding against 

traffic flow. To solve this problem, the team has proposed a contraflow lane on Brunswick 

Avenue in order to allow bicycles to navigate the neighbourhood in a North/South direction 
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safely. After the solution was agreed upon by the client, the team has further developed the 

details of this design. The design will be presented to the client on April 27, 2017, as specified in 

the Project Management Plan. 
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Appendices 

 

[Appendix A] 

 

A Map of Harbord Village with street directions. 

 
From [100] 

 

[Appendix B] 

 

A pairwise comparison is used to analyze objective priority. If the objective in the leftmost 

column is more important than one on the top row, the corresponding cell unit gets a “1”, if this 

is not the case the cell gets a “0”. If the objectives have equal importance it is represented by an 

“=”. The sum of these numbers for each objective determines their respective priority.  
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Note: 

The values from the pairwise comparison have no quantitative meaning relating to priority.  

Table 4. Pairwise Comparison of Objectives 

Objectives 1 2 3 4 5 6 Total  

1. Preventive of accidents 

on residential streets. 

- 1 1 1 1 1 5 

2. Universally accessible.  0 - 1 1 1 1 4 

3. Non-destructive to 

surrounding infrastructure.  

0 0 - 1 1 1 3 

4. Inexpensive to 

implement. 

0 0 0 - 1 1 2 

5. Non-destructive to the 
environment. 

0 0 0 0 - = 0.5 

6. Cautious of effect on 
traffic and congestion. 

0 0 0 0 = - 0.5 

 

[Appendix C] 

 

Applicable by-laws and codes that are used in the constraints. 

 

From [31] 

“Chapter 743, STREETS AND SIDEWALKS, USE OF  

BICYCLE - Include a tricycle and unicycle but does not include a motor assisted bicycle. 

BICYCLE TRAIL- That part of a boulevard that is improved for use by cyclists. 

DRIVEWAY - That portion of the boulevard improved for the purpose of providing 

vehicle access to an adjacent property. 

INTERSECTION- The area embraced within the prolongation or connection of the 

lateral curb lines, or , if none, then of the lateral boundary lines of two or more streets or 

private driveways that join on another at an angle, whether or not one street or private 

driveway crosses the other. 

 

Chapter 886, FOOTPATHS, PEDESTRIAN WAYS, BICYCLE PATHS, BICYCLE LANES 

AND CYCLE TRACKS” 
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[Appendix D] 

 

From the City of Toronto’s Application to Injure or Destroy Trees [32]: 

 

“[A tree protection plan is] a plan prepared by a qualified tree expert in accordance with 

Urban Forestry’s Tree Protection Policy and Specifications for Construction Near Trees. 

The plan must identify protected trees that are to be retained, access the impact any 

proposed construction activity will have on the trees and provide details on the tree 

preservation methods that will be implemented prior to, during and after construction 

activity is completed. Tree preservation methods may include the erection of hoarding 

crown and root pruning, fertilization, aeration, mulching and watering, to name a few. 

The Private Tree By-law protects trees on private property that are 30 cm or more 

diameter at 1.4 m above ground level.” 

 

[Appendix E] 

 

A by-law relating to the Toronto Transit Commission (TTC) used in the constraints. 

 

From [33] 

 

Toronto Transit Commission  

Exclusive authority of TTC: 

 

“395. (1) No person other than the TTC shall establish, operate or maintain a local 

passenger transportation system within the City until the TTC is dissolved or the control 

and management over the local passenger transportation system is removed from the 

TTC.  2006, c. 11, Sched. A, s. 395” 

 

 

[Appendix F] 

 

A Map of Harbord Village Heritage Registry. 
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From [48] 

 

[Appendix G] 

 

The street directions of Brunswick Avenue, Borden Street, and Major Street. 

 

Brunswick Avenue Direction 

From (Southern road) To (Northern road) Direction of Brunswick 

Avenue 

College St. Ulster St. South 

Ulster St.  Harbord St.  North 

Harbord St. Sussex Ave.  South 

Sussex Ave.  Bloor St. North 
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[Appendix H] 

 

Brunswick is 320m from Spadina Ave. and 310m from Bathurst St. Since 320/2=160, this 

implies that any point in the neighbourhood is 160m removed from a continuous North/South 

road. 

 

 

 
from [101] 

 

 



 

Engineering Strategies and Practice 

40 
 

[Appendix I] 

 

This appendix describes the standard used to test traffic paint [67]. 

     

Ontario Ministry of Transportation (MTO) Standards 

1712.05.06  Service Test 

 

Organic solvent based traffic paint, conforming to 1712.05.05, and Table 1 shall be submitted 

for service test when requested by the Authority. 

 

Organic solvent based traffic paints will be service tested, conforming to the following:  

          

A. Test deck location, time and procedure of application shall be as specified by the 

Authority. 

  

B. Test stripe shall be 10 cm in width and applied transversely across the lanes of the road. 

Application of the organic solvent based traffic paint to a dry thickness of 230 ± 25 

microns on bituminous or concrete pavement with about 20,000 AADT and the 

subsequent application of overlay glass beads conforming to OPSS 1750, at the approved 

rate immediately over the yellow and white striped line. 

 

C. The ease and uniformity of application, severity of overspray, covering properties and 

drying time will be evaluated during application. 

 

D. The applied organic solvent based traffic paint will be inspected periodically and its 

service performance will be rated by the Authority, as outlined in Table 2. 

 

E. Approval will be given after one year of service rating, providing the material conforms 

to Table 2 and meets the conditions of 1712.09.02. 
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[Appendix J] 

 

Cost calculation for the proposed design based on similar projects.  

 

Cost for similar contraflow lane is $15/m. [26] 

Brunswick Ave. length is 1000m.  

Therefore, $15/m*1000m=$15000 
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From [101] 

 

[Appendix K] 

 

This appendix calculates the total material costs. 

 

Brunswick Ave is 1000 m long, required width of contraflow bike lane is 0.2 m,  

Total number of bike symbols =1000 𝑚 / 20 𝑚 =  50[102] 

So, painting area is 1000 𝑚 ×0.2 𝑚 = 200 𝑚2 = 2152.78 𝑚𝑚
2
[103] 

Since raw material of water based paint is $0.6 / square feet [104], bike symbols is $150 [105],  

Total material cost is 2152.78 𝑚𝑚
2×$0.6/𝑚𝑚

2 + $150×50 = $8791.67 

 

[Appendix L] 

 

This appendix calculates the estimated installation cost of the contraflow lane. 

 

Price for installation is $1.2 / square feet [104] 

Total installation cost is 2152.78 𝑚𝑚
2×$1.2 / 𝑚𝑚

2 = $2583.34 

 

[Appendix M] 

 

The cost for removing the sidewalk. 
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Cost for removing concrete sidewalk is $7.79 / square feet  [106] 

Estimated area for removal sidewalk is 167.4 𝑚𝑚
2
[107] 

Total cost = 167.4 𝑚𝑚
2×$7.79 / 𝑚𝑚

2 = $1304.05 

 

[Appendix N] 

 

This appendix calculates potential benefits from implementing the proposed design. 

 

The budget that the City of Toronto provided for traffic collision is 80.3 million starting from 

July 2016. As a result, contraflow lane reduces more than 80% of bicycle accidents. Therefore, 

the benefit of this design will be $80.3 𝑚𝑚𝑚𝑚𝑚𝑚𝑚 × 20% =  16.06 𝑚𝑚𝑚𝑚𝑚𝑚𝑚 [108-110] 

 

[Appendix O] 

 

This appendix calculates the service cost for the design. 

 

Since the water-based polymer paint has the service life of one year. [111] 

Total cost = $8 791.67+$2 583.34+$1 304.05=$12 679.06 for one year ≈ $13 000 

 

 


