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Executive Summary 

 

The Final Design Specifications (FDS) document presents the final details of the design, the Gas 

Meter Protection Act, to the client. The details enclosed will allow the client to implement the 

design. 

 

The client, Dr. Michael Grossman, is a volunteer criminal defence lawyer for the Toronto 

Worker’s Health & Safety Legal Clinic. Considering the 2014 East Harlem explosion, Dr. 

Grossman has been increasingly concerned with safety regarding the use of gas. In particular, he 

is concerned with the gas meters on the building’s exteriors. Dr. Grossman has requested a 

design proposal to diminish chances of harm to the meter. 

 

The design team initially created the Project Requirements and Project Management Plan 

(PRPMP). The PRPMP described the problem in detail and defined the main stakeholders. The 

team concluded that the primary function is to protect gas meters from leakage. Objectives, 

including high strength, compact sizing and low maintenance were determined based on the 

primary function. 

 

Following the approval of the PRPMP by the client, the Conceptual Design Specifications (CDS) 

was created. Five alternate designs, focusing on a unique theme and  fulfilling the design teams 

primary function and objectives, were presented to the client. The five proposed designs were a 

guardrail system, a shutter system, a patent implementation system, a steel cage system and a 

legislation. The client approved of the legislation, which has been named the Gas Meter 

Protection Act. 

 

The Gas Meter Protection Act is a by-law proposition for the city of Toronto which require 

bollards to be installed in front of gas meters in areas where vehicular collision is anticipated. 

Property owners will be required to call safety inspectors to determine if bollards are necessary. 

If bollards are required then a strict set of specifications defined in the by-law must be followed. 

Current and future bollards will be subject to yearly inspections to ensure standards are upheld.  

 

The FDS also documents economic, environmental and societal impacts that may occur if the by-

law is passed. Testing procedures such as ASTM - C39 are documented to ensure the by-law and 

the bollards used are up to engineering standards.    

 

The FDS will be submitted to the client after gaining approval from the design team’s project 

manager. On April 24th, 2014, an oral presentation will be given to the client based on the details 

in the FDS. 
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1.0. Project Requirements 

 

The client, Dr. Michael Grossman, is a criminal defence lawyer volunteering with the Toronto 

Workers’ Health & Safety Legal Clinic. Dr. Grossman is concerned with the safety implications 

regarding exterior gas flow meters in Toronto. As Dr. Grossman primarily deals with workers’ 

injuries, he seeks to prevent incidents involving gas meters. 

 

1.1. Problem Statement 

 

The need for adequate protection of gas transportation systems is evident in the amount of 

accidents involving gas workers. In 2005, injuries sustained by workers near National Energy 

Board regulated gas pipelines were 1.55 per 200,000 hours of work [1].  On March 12th, 2014 a 

gas explosion left 6 people dead and over 60 injured in a two building collapse in East Harlem 

[2]. The repercussions of a gas incident, besides thousands in damage costs, involves an 

evacuation of the immediate area until health and safety authorities arrive [3]. The lack of 

consistent protection protocols for gas meters [4] is a concern to the client. There is concern that 

an incident like Harlem will be repeated on smaller scale gas meters. 

 

The fundamental task of the proposed design is to secure mass. The need is for the design to 

safeguard gas fixtures from gas leaks. An effective means to prevent injury to workers, 

bystanders, and drivers from incidents involving gas fixtures is also required. Lastly, the design 

should be easily implemented in regards to pre-existing gas meters. 
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1.2 Identification of Stakeholders 

 

Stakeholders are organizations or individuals who have an interest in the design. Such interests 

will affect the design. 

 

 

Stakeholders Stakeholder Interest Impact on Project Requirements 

Onsite Workers Safety and convenience 

of performing work [5] 

Secondary Function: Designs shall 

protect those in close proximity 

from potential dangers 

Objective: Designs should not 

impede the performance of work 

Canadian Union of Public 

Employees (CUPE) 

Implementation of 

workers standards and 

safety [6] 

Secondary Function: Establish a 

safe environment for workers 

Property Owners Aesthetics, security of 

the estate and quality of 

life [7] 

Objective: Environmental factors 

should not affect the design within 

15 years 

Pedestrians and Drivers Fluency of the traffic [8] Objective: The design should 

occupy minimal space as traffic and 

sidewalk congestion is a problem 

[8] 

Material 

Suppliers/Distributors 

Increased business Objective: High strength materials 

should be used for the design 
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1.3 Functions 

 

Functions are tasks which the design must perform. The functional basis of the design is to 

secure mass. For this design, the mass that needs to be secure is the gas within gas meters. 

 

Primary function 

The following fundamental task will be performed by the design: 

 

● Prevent gas from leaking 

 

Secondary functions 

The following functions support the primary function: 

● Maintain a safe environment 

○ Ensure the safety of people within the vicinity 

○ Minimize environmental destruction 

 

● Prevent fire from occurring [9] 

 

Unintended functions 

The primary and secondary functions may produce unintended functions that include: 

 

● Serving as a model for protection of other types of flammable equipment and containers 

 

 

1.4 Objectives 

 

Objectives are how well the design should function. Objective goals are sub-bulleted as 

measurable identifiers of how well the design functions. The objectives are listed in order of 

importance as ranked in Appendix A. 

 

● High Strength 

● Should be resistant to car travelling at 70 km/h [10] 

○ Calculations in Appendix B suggest that the above situation would be 

equal to 1600000 Newtons of force  
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● Compact 

○ Should be no larger than 1.1 metres in length and 0.6 metres wide [11][12] 

■ Will not affect flow of pedestrians and traffic. 

■ Allows the gas companies’ maintenance crew and inspectors to work 

conveniently 

 

● Low maintenance 

○ Maintenance should be limited to only what the meter itself requires [13] 

 

● Cost-efficient 

○ Should not exceed $1200 per meter 

■ Current bollards cost on average $450 each[14] 

■ Typically two bollards are installed per gas meter 

■ Installation can be 25-50% of the bollard cost [15] 

 

● Resilient to environmental factors 

○ Materials should be affected minimally (ie not maintenance required) by 

environmental factors for at least 15 years [16] 

 

1.5 Constraints 

 

To ensure the highest safety and legal standards are implemented, the design shall: 

 

● Follow the Canadian Electricity and Gas Inspection Act [17] to be in accordance with 

federal safety and inspection laws. 

 

● Follow the Toronto Municipal Code [18] 
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1.6 Service Environment 

 

The service environment is where the design will operate, which is downtown Toronto. Factors 

such as physical, virtual, and living environments will be considered for all possible designs. A 

table indicating weather conditions is available in Appendix C. 

 

1.6.1 Physical Environment 

 

● Temperature [19]: 

○ Daily average: 9.2ºC 

○ Range of daily average minimum and maximum: 5.6ºC-12.7ºC 

○ Extreme temperature range:  -32.8ºC to 40.6ºC 

 

● Wind [19][20]: 

○ Maximum wind speed: 129 km/hr 

○ Average daily wind speed : 18 km/hr 

     

● Precipitation [19]: 

○ Yearly average rainfall: 709.8mm 

○ Yearly average snowfall: 1331.0mm 

○ Days with rainfall per year: 113 

○ Days with snowfall per year: 42 

 

The following is current construction projects, which gives insight on where possible gas meters 

may be installed. Costs may be reduced if designs are implemented during construction phases. 

 

● Current construction projects [21][22]: 

○ Public repairs 

■ Completed: 2 

■ In progress: 27 

○ High-rises under construction: 147 

 

1.6.2 Living Creatures 

 

Living organisms within downtown Toronto may be sources of damage to gas meters. 

 

● Animals [23][24]: 

○ Include rodents, pests, wild animals and pets 

 

● People: 
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○ Age [Appendix D][25][26]: 

■ Median age in Toronto: 39.2 

■ 0-14: 17.5% 

■ 15-64: 69.9% 

■ 65 and older: 12.7% 

 

○ Drivers [27][28] 

■ Commuters by car: 71.1% 

● Approximately 1.97 million people 

 

1.6.3 Virtual Environment 

 

The virtual environment is any virtual systems that exist within the service environment. Such 

systems may be implemented into possible designs. The virtual environment may be a source of 

distraction for drivers [29], which increases the chance of a collision occurring.  

 

● Services [30][31]: 

○ Strong mobile phone coverage 

○ Public Wi-Fi available in limited areas 

 

 

1.7 Client Ethics and Values 

 

As a volunteer for the Worker’s Health & Safety Legal clinic, Dr. Grossman highly values 

worker’s safety. The destructive nature of gas is a major concern for Dr. Grossman as he wishes 

to avoid a Sunrise Propane explosion recurrence. Specifically, he is concerned with worker’s 

well-being regarding gas fixtures within downtown Toronto. Dr. Grossman is open to possible 

solutions that will improve the overall safety and minimize possible dangers around gas fixtures 

[32]. 
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2.0 Detailed Design 

 

The design team has chosen to construct and implement a by-law, named the Gas Meter 

Protection Act, to protect gas meters in the city of Toronto. The by-law requires bollards 

(concrete poles) to be installed in front of gas meters where applicable or where current 

protection in place is not sufficient. A figure showing how installed bollards will look is 

available in Appendix E.  

 

The proposed by-law is being put in place as laws requiring sufficient protection for gas meters 

currently do not exist in Ontario. There are many instances where the protection of gas meters is 

very poorly installed or even non-existent [6]. This by-law best meets the top objectives as 

bollards are very compact, they are of high strength, and require very little maintenance. The 

details of the Gas Meter Protection Act are as follows: 

 

Initial information: 

● When the proposed by-law is passed, property owners within the city of Toronto who 

have gas meters installed on their premises will be affected 

● Property owners will be given three years from the date the by-law is passed to comply  

● New buildings with gas meters installed after the three year period must comply with the 

by-law before any inhabitants are allowed 

● The property owners are responsible for calling a city inspector (whose duties are 

described later), and will inspect the current configuration of the gas meter regardless if 

pre-existing bollards are installed 

 

Property owners with pre-existing bollards: 

● Those with pre-existing bollards will be exempted from getting bollards with 

specifications described by the law only if the bollard(s) is not in disrepair 

● Bollards with the qualities below would need to be replaced: 

○ Rusting 

○ Damage from past collisions 

○ Not standing at close to 90º 

○ Cracks forming [Appendix F] 

 

Property owners with no bollards: 

● Inspectors will check where gas meters are installed 

● Inspectors will determine if bollards are necessary if vehicular damage to meters may be 

anticipated [6]. This may include [33][34]: 

○ High traffic areas 

○ Near large commercial dumpster bins 

○ Adjacent to driveways 

● Bollards may not be required for: 
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○ Meters installed in backyards or the sides of homes inaccessible to vehicles 

○ Alleyways accessible to pedestrians only 

● Bollards with the specifications described below may only be installed 

 

New Bollard Specifications: 

● Two bollards shall be installed for applicable meters 

● Bollards shall be 600mm apart[35] and 600mm from the building wall[36]  

○ This ensures maximum protection for the gas meter while also limiting damages 

on any vehicles that collide with bollards[35]  

● Bollards shall be made with AISI 5055 Steel for maximum protection[35] 

● They shall have a diameter of at least 250mm and filled with recycled concrete[35]  

○ This allows bollards to withstand 157 million Newtons of force while exhibiting 

little to no damage [35] 

● Bollards shall be a minimum of 1.3m in height above ground and 1.3m below ground 

[37] 

● If bollards encroach on city streets or sidewalks, they must abide by the the Toronto 

Municipal Code Chapter 313 which states bollards can be a maximum of 0.9m below 

ground and 1m above ground[38]  

● Bollards shall painted bright yellow for them to be easily noticed and warn drivers[39]  

● A drawing indicating how bollards shall be installed is available in Appendix G 

 

After Installation of bollards: 

● Inspectors must be called back by the property owners 

● If the correct bollards are installed, inspectors will confirm this to property owners 

● If incorrect bollards are installed, the property owner must install the correct bollards 

● Yearly inspections of bollards will be required to ensure they are in good standing 

○ Bollards that are not up to standards must be replaced within three months 

○ As a result, inspectors will be given easement rights [40] to access bollards 

● In the case that bollards are damaged by a collision, property owners must inform 

inspectors within one week 

○ Inspectors will determine the degree of damage and if the damage is substantial, 

the bollards will have to be replaced 

○ If bollards need to be replaced due to damages, they shall be replaced within three 

months 
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Other details: 

● Property owners assume all costs required for complying by this law 

● Property owners are liable for all damages incurred to bollards   

● If property owners feel their gas meter should not require bollards, they may appeal their 

claim to the city 

● Property owners who fall in the first income bracket, i.e those earning less than $40,120 a 

year[41] , may be eligible for a partial or full reimbursement if they appeal to the city   

● Property owners who fail to install bollards will be fined $500 per month 

● Property owners who fail to replace inadequate bollards will  be fined $500 per month 

● Inspections will cost property owners $50 per inspection and will be charged to the 

property owner’s property taxes[42] 

● Construction and building inspectors employed by the city will be given the duties 

detailed in the Gas Meter Protection Act 

● If more inspectors are required, the city of Toronto may hire them and adjust inspection 

costs accordingly 

 

The design fulfills the following: 

● Functions: 

○ Prevent gas leaks 

■ Bollards do not allow vehicles to hit meters, thus preventing gas leaks 

occurring from collisions 

○ Prevent fires 

○ Maintain a safe environment 

■ By preventing gas leaks, the environment is preserved and fires are non-

existent 

● Objectives: 

○ High strength 

■ Bollards can withstand 157 million Newtons of force[35] 

○ Low maintenance 

■ Bollards are inspected only once a year and may not need to be replaced 

for many years [35] 

○ Compact 

■ Bollards are 0.6m apart  

● Constraints 

○ Canadian Electrical and Gas Inspection Act  

■ Bollards do not obstruct gas inspectors from checking on gas meters 

○ Toronto Municipal Code 

■ If bollards encroach streets or sidewalks, they must abide by Chapter 313 
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2.1 Regulations, Standards and Intellectual Property 

 

This section explains which sections of the Toronto Municipal Code and the Canadian Electricity 

and Gas Inspection Act apply to the Gas Meter Protection Act in further detail. If applicable, the 

standards that ensure the regulations are followed are also mentioned. 

 

 

Regulatory Document and  

Subsection  

Description 

Toronto Municipal Code, 

Street and Sidewalks. 

Chapter 313-50. [38] 

In order to follow the Chapter 313-50 or the Toronto Municipal 

Code, Streets and Sidewalks: 

● The bollards should be set a minimum of 0.46  meters 

from the rear edge of the sidewalk. 

● Maximum allowed depth is 0.9 meters 

● Maximum allowed height is 1 meter  

Toronto Municipal Code, 

Street and Sidewalks, Use 

Of 

Chapter 743-34. [43] 

To follow Chapter 743-34 of the Toronto Municipal Code, 

Streets and Sidewalks, the height of bollard shall exceed 1 meter 

when the bollards are located: 

● within 70 meters of the intersection of two or more roads 

● within 3 meters of a driveway that is adjacent to a 

sidewalk 

● on roads with no curbs 

Canadian Electricity and 

Gas Inspection Act 

subsection 20. [17] 

In order to follow the Canadian Electricity and Gas Inspection 

Act, the design must follow the TSSA Field Approval Code, 

TSSA-FA-2012 [44]. It states:  

● The inspector shall place the TSSA field approval label 

on or in the immediate vicinity of the appliance rating 

plate 

● The gas flow direction shall be marked on the pressure 

controller 
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2.2 Testing 

 

The testing section describes three tests that will evaluate how successful the legislation will 

perform based on the top three objectives. The three objectives being evaluated are a compact 

design, requiring low maintenance, and being made of high strength material. 

 

Objective Test Result type 

Compact ● By law the minimal width of an 

unobstructed sidewalk is 0.46 m 

[38] 

● A gas meter requires 1.1m long 

and 0.6m wide area around it for 

safety measures [45][36]. 

● A diametre of a hole drilled for a 

bollard is 0.25m [46] 

● Minimal width of a sidewalk for 

the design is 1.31 m [Appendix 

H] 

● An average width of a sidewalk is 

3m [47] 

● Pass or Fail 

[Appendix H] 

Low Maintenance ● Yearly inspections by a 

government approved inspector 

[48] 

● Inspectors will look for cracks in 

the concrete and classify them 

based on the type of crack. 

[Appendix F] 
 

● Pass or fail based on 

inspectors discretion 

and seriousness of the 

type of crack. 

High Strength ● ASTM - C39 Concrete cylinder 

compression test to ensure 

concrete is high strength. [49] 

● Compressive Strength calculated 

by maximum load carried by 

specimen (yield stress) divided by 

cross sectional area. [50] 

● Measured in MPa 

● Pass or Fail [50] 

● Concrete must be 

rated at a strength of 

20.5 MPa at 28 days 

with 5% air 

entrainment [51] 
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2.3 Implementation Requirements 

 

 

The implementation requirements section explains what  needs to be completed by the client and 

how the Gas Meter Inspection Act will be passed by Toronto city council. 

 

In order to implement the final design, the following need to be completed[52][53]: 

● The client must consult with a solicitor about the proposed by-law  

● Have the administrator of the city council to prepare a draft of the by-law  

● Give public notice about the by-law  

● First reading of the by-law in city council 

● Second reading where a vote is taken  

● If amendments are needed they are proposed as resolutions. If these resolutions are 

carried out, they become part of the by-law  

● The by-law is voted on and discussed  again and if majority votes for it, the by-law is 

considered passed and adopted   

○ The readings and passing of the by-law may occur on the same day   
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2.4 Life Cycle and Environmental Impact 

 

This section looks at the negative environmental impacts and mitigating impacts associated with 

the production and installation of bollards. A diagram displaying the life cycle analysis is 

available in Appendix I. 

 

Processes Negative Environmental Impacts Mitigating Impacts 

Gravel/sand extraction for bollards Loss of biodiversity of plants, 

contaminates water, and pollutes 
nearby ecosystems [54] [55] 

Using substitution of sand by 

crushing rock and recycled plastic 
and glass into sand-size materials 

which comply with specification for 

concrete mixes [56] [57] 

Iron ore mining for steel Disfiguration of landscape and 

pollution of local air and 

underground water [58] 

Use recycled and scrap metal to 

reduce the need for iron ore mining 

[59] 

Transportation of raw materials and 
manufactured bollards 

Production of carbon dioxide Using recycled concrete will reduce 
the amount of transportation needed 

[60] and locate the plants near the 

areas with sufficient raw materials 

[61]  

Manufacturing of cement Production of carbon dioxide and 

heavy metal emission [62]  
Using waste and byproducts to 

replace raw materials such as clay 

and limestone [63] 

Manufacturing of steel for bollard 
casing  

Produces air pollutants such as 
Sulphur Dioxide, Carbon 

Monoxide, and dust [64] 

Use recycled and scrap materials to 
greatly reduce carbon footprint [59] 

Manufacturing of bollards Produces waste such as process 

water, air emissions, and noise 

pollution [65] 

Use precast concrete in the 

production of bollards to reduce 

these impacts [65] 

Installation of bollards Noise and dust produced by drilling 

holes on the ground 
Using water as a suppressant and 

surround the construction site to 

contain the dust inside[66] 

Corrosion of steel cover Metal elements contaminate local 

soil [67]  
Applying chemical corrosion 

inhibitor and coating on steel covers 

[68]  
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2.5 Human Factors 

 

This section addresses the human factors that are associated with the Gas Meter Protection Act.  

 

Human Factor: How it will be addressed by the proposed design: 

Psychological ● Bollards are painted yellow 

● Psychologically, the colour yellow is the most attention grabbing 

colour [69] 

○ Yellow attracts one’s attention and prevents the person 

from interfering with the system  

Organisational  ● The following authorities will have to interact with one another: 

○ First, the by-law is written by the lawyer and proposed to 

the municipal government of Toronto 

○ After the by-law is passed, property owners contact a city 

inspector 

○ The city inspector decides whether the property owner 

needs to install new bollards 

○ If bollards are required, the property owner contacts a 

bollard supplier and request an installation  

○ The city inspector is hired again to inspect the new 

bollards 

Political ● Canada is one of the largest producers of natural gas [70] 

● The government pursues a goal of reducing gas leaks [70] 

○ By protecting the gas meters from accidents, the design 

will reduce a risk of a gas leak 

 

 

2.6 Social Impacts 

 

The social impact section puts the Gas Meter Protection Act into social context and describes 

how the design will increase positive social impacts and how it will lessen the negatives. This 

section describes how the social issues will affect the stakeholders outlined in section 1.2. 

 

Increases positive impacts by: 

 

● Shows government is taking an initiative in community safety by increasing safety 

regarding gas meters [71] 

○ The legislation increases community and personal safety via bollard 

implementation to decrease the likelihood of gas meter incidents. This affects 

CUPE and onsite workers by providing a safe work environment. 
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○ Decreasing the frequency of accidents ensures a safe environment for onsite 

workers by protecting human life and decreasing the cost of damages. 

● Reducing monetary loss caused by incidents for parties involved including the City, 

property owners and persons directly involved in the crash. [72] 

 

Lessens negative impacts by: 

 

● Installing compact bollards on sidewalks affect pedestrians and onsite workers as the 

compactness will not impede pedestrian flow and not impede work performed in the 

vicinity of gas fixtures  

● Being a design with minimal environmental impact 

○ The legislation will minimize environmental impact through the use of recycled 

materials as shown in section 2.5. 

 

2.7 Economics 

 

The Economics section associates the cost of implementing the Gas Meter Protection Act. The 

first table displays the total cost to the client. The second and the third tables display the 

breakdown of the cost and the total costs to property owners. 

 

Cost to the client 

 

 Capital Cost Total Cost 

Design and 

implementation  

Labour 

● Lawyer’s fee - $500/hour 

[32] 

● Requires 5 hours 

● $2500 
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Cost to property owners 

 

 Capital Cost Fixed Operating Cost Variable Operating Cost 

Design and 
implementation 

 
Materials 

● Concrete for 

new barriers 

($150/m 3 ) 
[73] 

● Steel pipes 

($190/pipe) 
[74] 

 

Labour 
● Inspection of houses 

for gas meter 

protection 

($50/inspection) 
[75] 

● Installation of new 

barriers ($30/hour) 
[76]  

Transportation of raw 
materials  

● cost of gas to pick 

up materials at 

local hardware 
store ($1.249/litre) 

[77] 

External Cost (Concrete 
manufacture) 

● C 2and heavy 

metals emission 
[62] 

● Pollution of air 

and water [54] 

[55] 

Use Not Applicable Maintenance 
● Annual Inspections 

($50/inspection) 
[75] 

Replacement if damaged  
● $190/pipe  

● $150/m 3 of 
concrete  

● $30/hour of 

installation 
External Cost (Steel pipes 

corrosion)  
● Contamination of 

local soil [67] 

Disposal ● Concrete 

recycling ($25) 

[78]  

Use of concrete crusher  
● included in concrete 

recycling [78]  

Transportation of waste  
● user must drive to 

depot  
● cost of gas 

($1.249/litre) [77] 

External Cost (Concrete 
recycling) 

● C 2and heavy 

metals emission 
[62] 
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Total Costs to property owners 

 

Total initial cost to property owners Total annual cost to property owners 

Total - $590 

● 4 hours installation labour - $130 [76]  

● 0.2 m 3 of concrete - $30 [73] 

● 2 steel pipes - $380 [74] 

● 1 initial inspection - $50 [75] 

1 annual inspection   

● $50/year [75]   

 

 

 

3.0 Updated Project Management Plan 

 

The Project Management Plan overviews tasks and deadlines taken on by the design team. 

 

The first client meeting took place on January 23rd to discuss the project requirements and 

identify the scope of the project. The Project Requirements and Project Management Plan 

(PR/PMP) was submitted to the project manager on February 4th. The PR/PMP was edited and 

resubmitted to the project manager before the second client meeting. The second client meeting 

was on February 23rd to confirm that the client approves of the team’s approach to the project. 

 

The Conceptual Design Specification (CDS) was submitted on March 4th. The CDS was edited 

and resubmitted to the project manager for approval before the final client meeting. The final 

client meeting took place on March 17th. The purpose of this meeting was to determine if the 

client approves of our proposed design solution of the project. 

 

A seven minute Design Review Getaway presentation to the tutorial section took place on March 

18th. The Final Design Specification (FDS) will be submitted on April 1st. A 30 minute long 

presentation based on the FDS will take place on April 24th. 
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4.0 Conclusion/Recommendation  

 

 

The Final Design Specification (FDS) takes the proposed design of a legislation from the 

Conceptual Design Specification (CDS) and expands on details including, but not limited to, 

testing, market issues, economics and human factors. The FDS clearly states all information 

regarding the requirements of new bollard installation as well as maintaining existing bollards. A 

legal document will be drafted by a lawyer containing the requirements laid out in section 2.0. 

The legislation was chosen due to it best meeting the functions, objectives and constraints. Most 

of the social impacts are positive by showing the government is taking initiative in public safety. 

Three tests will be conducted to test the bollards: compact, high strength and low maintenance. 

Current codes and regulations are listed in section 2.1. The implementation of the design starts 

with a lawyer drafting the bill, the bill being publically noted, then proceeding through the first 

and second reading and finally to a vote. The life cycle, starting from mining minerals for the 

aggregate to recycling the concrete structures, outlines how to mitigate negative environmental 

impacts. The design has low impact on the environment and social issues. The estimated cost to 

the client will be $2500. The estimated cost to the property owner will be $590. An oral 

presentation describing the details laid out in the FDS will be given to the client on April 24th.  
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Appendices 

Appendix A: Ranking of Objectives 

 

 

objectives compact environmenta

l resistant 

cost-

efficient 

low-

maintenance 

high 

strength 

total 

compact ------- 1 1 0 1 3 

environmental- 

resistant 

0 -------- 0 0 0 0 

cost-efficient 0 1 --------- 0 0 1 

low-

maintenance 

1 1 1 --------- 0 3 

high strength 0 1 1 1 -------- 3 
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Appendix B: Estimation and Calculation 

 

As much of the  data on car safety tests  is unavailable, we must do some calculations and make 

some assumptions. These calculations are also considered an estimate. One of the heaviest 

consumer vehicles on the road is the 2014 Ford F-450. At maximum weight capacity, it may 

weigh up to 6350 kg [1] . We will assume this is our mass. We are also assuming it is going 70 

km/h which is 10 km/h faster than the speed limit on most Ontario urban roads [10]. This 

10km/hr buffer is used as at least 20.6% of drivers are caught driving over the legal speed limit 

[2].  The crumple zone of this vehicle is unavailable, but the length from front bumper to the 

back of the cab is 3.1978m [1]. The crumple zone ranges vehicle to vehicle but it should be at 

least  50% the length of the front bumper to the cab. An appropriate length of the crumple zone 

can be  0.75 metres. To calculate an appropriate force, we will be equating two equations that are 

in terms of Joules, the work equation of force multiplied by distance and kinetic energy in terms 

of mass and velocity, velocity squared times mass  all divided by two. 

 

Given: 

A Mass of 6350 kg 

A Velocity of 70 km/h which is approximately 19.444 m/s. 

A Stopping distance of 0.75 metres 

The equations we will be using:  The first is the kinetic energy formula of 1/2mv
2
 where m is 

mass in kg, and v is velocity in metres per second. The second is the work formula of Fd, where 

F is force in Newtons and d is distance in metres. 

 

 

The force is rounded to 1600000 N. 

 

Appendix B References: 

[1] Ford. (n.d). Super Duty Specifications[Online]. Available: 

http://www.ford.ca/trucks/superduty/specifications/view-all/ 

[2] U.S Highway Patrol. (n.d). Driving Citation Statistics [Online]. Available: 

http://www.statisticbrain.com/driving-citation-statistics/ 
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Appendix C: Weather Conditions Table 

 

 

This table lists the weather conditions that have historically occurred in downtown Toronto [19]. 
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Appendix D: Age Consensus in Toronto

 

This graph shows the age distribution in Toronto [26]. 
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Appendix E: Installed Bollards 

Figure 1 A depiction of how installed bollards may look 
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Appendix F: Crack Formation Guide 

 

Appendix F References: 

[1] Nick Gromicko, Kenton Shepard. (n.d). Visual Inspection of Concrete [Online]. Available: 

http://www.nachi.org/visual-inspection-concrete.htm  (same as one in testing section) 

 

http://www.nachi.org/visual-inspection-concrete.htm


Engineering Strategies and Practice 

 
 

Appendix G: Installed Bollard 

 

 

An image depicting how bollards shall be installed[1] 

 

Appendix G Reference 

[1] Haley Ray Pavement Marking. (n.d). Bollards [Online]. Available: 

http://www.hrpm.us/Bollards.html  
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Appendix H:  Sidewalk Configuration  

● By law the minimal width of an unobstructed sidewalk is 0.46 m [38] 

● A gas meter requires 1.1m long and 0.6m wide area around it for safety measures 

[43][44]. 

● A diametre of a hole drilled for a bollard is 0.25m  

Minimal allowed width = 0.46 m + 0.6 m + 0.25 m 

Minimal allowed width = 1.31 m 

Since the minimal allowed width of a sidewalk is 1.31 m, all sidewalks that are narrower would 

fail the test.  
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Appendix I: Life Cycle Analysis 

 

Figure 1: Generation of the electricity 

 

 

 

Figure 2: Manufacturing of the concrete 
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Figure 3: Manufacturing of steel 

 

 
Figure 4: Manufacturing of bollards 
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Figure 5: Installation and recycling of the bollards 
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