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Executive Summary 

 

Carlo Drudi from the Harbord Village Residents’ Association (HVRA) needs a design to help 

resolve issues relating to noise complaints in the local neighbourhood. Mr. Drudi prefers that 

these solutions can be applied selectively to the individuals who are most affected by the noise. 

Although there are some bylaws that attempt to regulate noise levels, they are poorly enforced, 

and thus noise continues to be a major issue. 

The team concluded that the solution should reduce the amount of unwanted noise that residents 

perceive by transforming sound energy into different forms of energy, diverting sound away 

from users, separating sound sources from users, or by reducing noise at the source. 

The solution should cost less than professional soundproofing (about $2322.22 / household), 

prevent residents from experiencing more than a one hour equivalent sound level (Leq) of 45 dB, 

require little time for setup (less than 8 hours) and need few steps to operate it (ideally zero). 

Ultimately, custom-molded reusable earplugs were chosen as the final design since they best 

meet the client’s needs; they excel in terms of cost and effectiveness, and they perform 

sufficiently in terms of initial setup time and operational steps. This design can be molded to 

custom-fit the user’s ears and consists of a sound plug, thermoplastic mold and eartips. 

This design is protected by several US patents but infringement can be avoided by purchasing it. 

There are several CSA tests that can be applied to measure the amount of force that the design 

applies to the ear canals as well as the noise reduction rating to ensure that the design meets 

standards. The team considered human factors such as sleeping conditions, the user’s comfort 

and the design’s operation requirements to improve the user’s experience. The design benefits 

stakeholders like police or health services since it reduces noise complaints and health 

complications that are caused by noise exposure. Even though it produces more emissions, 

combustion of the design is the most cost-effective method for disposal. The HVRA can 

implement the design by buying earplugs in bulk and then selling them back to the residents who 

want them at local, public locations. There would be an initial cost of $1286.71 to obtain enough 

earbuds, but the HVRA would be reimbursed when residents buy them. 
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1.0 Project Requirements 

Carlo Drudi, an executive member of the Harbord Village Residents Association (HVRA), wants 

a solution to noise complaints from local residents. The association represents the interests of 

residents living within the area bounded by Bloor St., College St., Bathurst St., and Spadina Rd. 

This section outlines the problem and design requirements for feasible solutions. 

1.1 Problem Statement 

According to statements by Mr. Drudi, Mr. Robert Stambula, another HVRA executive member, 

and an unpublished survey conducted by the design team, residents complain about noise from 

activity at bars on Bloor St., nightclubs along College St., and restaurants open late on Harbord 

St (Appendix A). Intoxicated people walking through streets create further noise. In September 

and April, a surge in complaints is linked to college parties in local residences. This excessive 

noise, between 8:00 p.m. and 2:00 a.m., disturbs sleep and affects residents’ quality of life. 

Current methods to deal with noise, such as calling 311, calling the non-emergency police 

contact, or keeping records to take to the local city councillor, are ineffective and have poor 

response times [1]. Toronto by-law No. 111-2003 outlines permissible noise levels in residential 

areas [2]. However, enforcement of this by-law, especially within the Harbord Village area, is 

inadequate and difficult because of a shortage of patrolling by-law officers, and the ambiguous 

nature of measuring sound [3]. 

The client’s need is to reduce noise levels heard by residents to under 40 dB. The World Health 

Organization (WHO) states that long-term exposure to excessive noise can cause “mild health 

effects, such as sleep disturbance and insomnia” [4]. The WHO recommends nighttime noise 

levels under 40 dB, and states long-term nighttime exposure above 55 dB can lead to elevated 

blood pressure and heart attacks [4]. The client’s description of the noise fits in between what the 

WHO calls “commercial, shopping and traffic areas” and “ceremonies, festivals and 

entertainment events,” corresponding to 70-100 dB [5]. In homes that are “well sealed, but not 

acoustically treated,” noise is 27-30 dB lower than what it is outside (i.e. 43-73 dB inside), but 

still higher than what the WHO and the noise by-law recommend. [6]. Additionally, because of 

the lack of city funding and involvement, solutions should have a minimal implementation cost 

over the service life of each design. Because of the by-law’s ineffectiveness, and the client’s 

preference for solutions that can be applied selectively for individuals who are most affected by 

unwanted noise, the client needs solutions that take a minimal initial time to set up and that can 

be implemented quickly. Solutions should also require as few steps as possible to use so that they 

are user-friendly.  
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1.2 Stakeholders 

This section shows a list of the stakeholders who have an influence and interest in the goal of 

reducing noise in Harbord Village. Their interests must be taken into consideration when 

proposing designs. They are listed in Table 1 in order of influence.  

Table 1: Stakeholder Impact 

Stakeholder Description Impact on Design Relation to 

FOCs 

City of Toronto 

 

Municipal government 

providing a variety of services 

to Toronto residents. [7] 

-Should not have a 

negative impact on the 

local environment 

-Must comply with city 

noise bylaws 

-Must maintain all resident 

rights 

F1,O1a 

Residents of 

Harbord Village 

Individuals that live in 

Harbord Village who are not a 

part of the HVRA 

-Should be made in the 

best interests of the 

residents 

F2bc, 

O3,O4 

Local Businesses/ 

Restaurants  

Provide a wide variety of 

products and services  

-Should not hinder 

revenues and property 

values 

F1,F2d,O1

a,O3,O4 

Health Canada  Federal organization 

“responsible for helping 

Canadians maintain and 

improve their health” [8] 

-Should not negatively 

impact the wellbeing of the 

public  

-Must comply with health 

and regulations 

 

F1, 

F2b,O1a 

Toronto Police 

Service 

Provide policing services to 

“serve and protect” the City of 

Toronto [9] 

-Must not compromise 

police enforcement 

F1,F3a,C1,

C2 

Toronto Noise 

Coalition  

Residents that advocate for 

“effective noise management” 

-Should reduce noise 

effectively 

F,O 
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in Toronto [10] 

Alcohol and 

Gaming 

Commission of 

Ontario (AGCO)  

Responsible for regulating 

liquor licenses, lottery and 

other gaming in Ontario [11] 

-Should reduce noise 

created by people who 

have had alcohol 

F3a 

Neighborhood 

Customers, Guests, 

Commuters 

General public that pass 

through the neighborhood on a 

daily/weekly basis  

-May contribute to the 

generation of noise 

F1 

 

1.3 Functions 

The functions describe what the design does to reduce unwanted noise for Harbord Village 

residents. Primarily, this unwanted noise comes from restaurants, patios, bars, nightclubs, 

skateboards, and house parties. The functions focus on reducing the unwanted noise that reaches 

affected residents, rather than trying to control the sources emitting the noise. The functional 

basis of the design is to reduce sound energy from reaching the design’s users, i.e. Harbord 

Village residents affected by unwanted noise. The primary function encompasses what the 

design needs to do to solve the client’s problem, and the secondary functions support the primary 

function. The unintended functions outline how the design might be used in ways other than the 

design team intended.    
1.3.1 - Primary Function 

To reduce unwanted noise from reaching affected Harbord Village residents. 

1.3.2 - Secondary Functions 

a) Transform sound energy into other forms of energy 

b) Divert sound energy away from users 

c) Separate sound energy sources from users 

d) Stop the generation of sound energy 

1.3.3 - Unintended Functions 

a) Reduces user awareness of emergency noises 

b) Improves the sleep habits of the residents 
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1.4 Objectives 

The objectives describe what the design should be to reduce noise levels to a comfortable range. 

The team compared the objectives against each other in a pairwise comparison to determine the 

relative importance of each one (Appendix B). The objectives have been listed in order of 

decreasing importance. Cost refers to the implementation cost of a design, per user, amortized 

over the service life of that design. Effectiveness describes a design’s ability to reduce noise 

levels while it is working. Setup time is the initial time needed to implement a solution before it 

can be used.  

1) Cost 

a) Minimize the implementation cost per person per year. 

Professional soundproofing in a household costs approximately $2322.22 CAD. 

This cost amortized over the average amount of people in a household and a 13 

year service life means designs should cost less than $63.80/person/year 

(Appendix C).  

2) Effectiveness 

a) Maximize the reduction of unwanted noise in dB that each solution provides 

i) Reduce noise level for the residents to a one hour equivalent sound level 

(Leq) of 45 dB (Appendix D).  

This is the ideal night-time noise level recommended on page 51 of City 

of Toronto By-Law 111-2003 [2].  

3) Initial Setup Time  

a) Minimize the initial time needed to setup the design 

The time to implement the solution should be less than eight hours, with less than 

three workers needed. This is the average amount of time and workers needed to 

insulate a home (Appendix E). 

       4)  Operational Steps 

a) Minimize steps required for operation 

      i)       Aim for zero steps 

Unconsciously, people tend to make decisions that require less effort 

[16]. Therefore, users prefer a design with fewer steps since fewer steps 

require less effort for operation.                     
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Figure 1: Map of Harbord Village [19] 

1.5 Constraints 

The constraints are a set of minimum requirements that every feasible design must follow. It is 

imperative that the design complies with federal and provincial laws to ensure safe and lawful 

operation of the design. 

1. Must not violate safety-related regulations under the Ontario Building Code Act of 1992 

pertaining to safety, particularly:  [17] 

○ Must not interfere with the operation/functionality of fire alarms. 

2. Must not violate freedom of expression under section 2b) of the Canadian Charter of 

Rights and Freedoms [18]  

1.6 Service Environment 

The design will operate in Harbord Village, a 

neighborhood in Toronto, Ontario. Displayed in Figure 

1 is a map of Harbord Village. This neighborhood is 

located in ward 20 (Trinity-Spadina) just west of the 

University of Toronto St. George campus. Contained 

below is information about the physical environment, 

living things, and the virtual environment. 

1.6.1 Physical Environment 

68% of the 0.63 km2 area is used for residential 

purposes, but features many businesses and nightclubs 

around the perimeter (Appendix F). Most of the homes 

in Harbord Village are detached and semi-detached 

Victorian style houses. The roads that make up the 

perimeter of the neighborhood experience high traffic 

from cars, streetcars, cyclists and taxis daily. A 

subway line runs underneath Bloor Street.  

Toronto has a humid continental climate that is 

moderated by Lake Ontario, allowing for warmer 

winters and cooler summers.  
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Table 2: Average Annual Weather Data [20][21] (Appendix G) 

High Temperature 12.2 °C 

Low Temperature 5.58 °C 

Rainfall  40.8 mm 

Humidity Ranges 43% - 94 % 

 

1.6.2 Living Things 

Harbord Village is home to about 7,782 people according to the 2011 National Household 

Survey. [22][23]  

Table 3: Population Statistics [22][23][24] 

Population Breakdown  

Children (0 - 14) 6 % 

Youth (15 - 24) 22% 

Working Age (25 - 64) 57% 

Seniors (65+) 15% 

Immigrants 41% 

Average after-tax household income $63,971 

Harbord Village also has urban wildlife such as raccoons, skunks, squirrels, bats and 

rodents.[25][26] 
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1.6.3 Virtual Environment 

Displayed in Table 4 are the various virtual systems the City of Toronto has in place.  

Table 4: Virtual Systems in Canada [27][28][29][30] 

System Operating Frequency/Output 

Radio Stations 54 MHz - 108 MHz 

TV Broadcasts 88 MHz - 800 MHz 

Cellular Networks 900 MHz - 2.6GHz 

Electrical Outlets 110-120 V of AC 

 

1.7 Client Ethics and Values 

The Harbord Village Resident Association (HVRA) outlines its values in its Constitution. The 

mission statement says their main focus is to preserve “the stability, distinctive character and 

quality of life” in the area [31]. When dealing with issues, the HVRA aims to achieve consensus 

between residents because they acknowledge all perspectives within the community, and they 

equally respect the rights of all residents. Community involvement and leadership are 

particularly important values since the HVRA is an organization consisting entirely of 

volunteers. 

2.0 Detailed Design 

Custom-molded reusable earplugs were chosen as the final design because it is the optimal 

solution that satisfies the client’s needs and the objectives. The design can be worn at any time of 

day, including while sleeping, and helps to achieve the client’s need to reduce noise levels to 40 

dB so residents can sleep better. The design also meets the client’s preference for solutions that 

can be implemented selectively to individuals who believe noise is an issue, rather than for the 

whole neighbourhood. Moreover, the design does not require any help in implementation or 

funding from the city, and strays away from the current, ineffective solutions of trying to enforce 

by-laws or control people’s behaviour [32].                

This design excels in meeting the top two objectives of cost and effectiveness, and performs 

adequately in the other objectives of initial setup time and operational steps. Table 5 compares 

how this design performs with respect to the objective goals. The earplugs consist of three parts: 

a sound plug, a thermoplastic mold, and foam or silicone eartips. These parts are illustrated in 
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Figure 2, and multiple perspectives of the thermoplastic mold are illustrated in Figure 3. The 

initial setup time of this design is 20 minutes, which satisfies the initial setup time objective of 

needing less than eight hours to set-up.  After purchasing the design, the initial setup for it entails 

boiling water and letting the thermoplastic mold sit in the boiled water to soften, and then 

placing the molds into the ear and shaping them to fit after the molds have cooled slightly. Figure 

4 demonstrates what the design looks like before and after the molding process. By making the 

earplugs reusable instead of disposable, long-term costs are significantly reduced, and the 

proposed design becomes roughly $30 less than the the objective goal for cost. By directly 

placing the design inside the ear canal, and custom-molding them to fit the shape of a user’s ears, 

the design thoroughly prevents noise from entering the ears. This feature also makes the earplugs 

more comfortable for the user to wear. As long as noise is no louder than 60.5 dB, the design 

successfully meets the the objective goal of reducing noise to a Leq of 45 dB. Additionally, the 

silicone tips on the earplugs makes the design especially effective in reducing noises at low and 

mid-treble frequencies. The earplugs’ greatest flaw is that it also reduces noises that the user 

wants to hear (particularly alarms) but overall, the earplugs perform well across the objectives. 

Although other designs like a noise barrier or soundproof window require no operational steps to 

use, the operational steps to wear earplugs are quick and not significantly difficult. Moreover, the 

earplugs perform better in every other objective, and it does not make sense to tradeoff excellent 

cost, effectiveness, and initial setup time for one less operational step.  

Table 5 - Performance of custom-molded reusable earplugs (Appendix H) 

Objective Objective Goal Metric Design Performance 

Cost Less than 

$63.80/person/year 

(Appendix C)  

Total Cost: $35.99 [34] 

Service Life: 3 years 

Avg Cost: $12.00 

/person/year  

Lower cost than objective 

goal by $51.80/person/year  

Effectiveness Reduce noise level for 

residents to a one hour 

equivalent sound level 

(Leq) of 45 dB 

(Appendix D) 

15.5 dB reduction Meets objective goal for 

noise less than 60.5 dB 

Initial Setup 

Time 

Minimize setup time 

to less than 8 hours 

~20 minutes Lower time than goal by 

over 7 hours 

Operational 

Steps 

Require zero steps to 

operate 

One step Does not meet goal 
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Figure 2 - Parts of the earplug [34] 

 

 

 
Figure 3 - Illustration of the thermoplastic mold from Decibullz patent 2016/0073193 [37] 
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Figure 4 - Earplugs before molding (left) and earplugs after molding [34] 

 

2.1 Regulations, Standards, and Intellectual Property 

The custom-molded reusable earplug design is covered by several different US patents [37][38]. 

Patent and licensing fees are covered in the $35.99 purchase cost; there are no added fees 

specific to intellectual property when purchasing the product [34]. The table below describes 

safety regulations and standards pertaining to the design, and a description of how the design 

meets these regulations.  

Table 6 - Regulations and Standards 

Regulation / Standard Description of how the design abides by 

regulation/standard 

Earplugs are small enough to be defined as a 

choking hazard [39] 

Can avoid hazard with adult supervision [36]  

Earplugs should be cleaned regularly to avoid 

infection (CSA Z94.2-14, Section 4.1) [40] 

The earplugs can be cleaned [41] 

Earplugs should withstand temperatures 

between -7 & 50 °C (CSA Z94.2-02, Section 

4.2) [42] 

Withstands temperatures up to 66 °C [38] 
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2.2 Testing 

The following section describes how the design’s performance with respect to the effectiveness 

objective will be tested. Since safety was considered in the previous section and environmental 

regulations will be considered in section 2.4, these items will not be discussed here. Additionally, 

a test for the cost objective has not been included because the design is an off-the shelf product, 

and it is already known without a test that the design satisfies the cost objective. Similarly, tests 

for the initial setup time and operational steps objectives are not included because it is clear that 

the design can be set up in less than eight hours with less than three people, and that the only 

operational steps after initial setup are to insert the earplugs into the ear.  

Table 7 describes Canadian standards regarding earplugs and other hearing protectors [40]. The 

table also includes associated tests that can be used to test the effectiveness objective. Ideally, the 

manufacturer would conduct these tests because the tests require specialized equipment and 

resources that end users do not have. 

Table 7 - Testing effectiveness of the design 

Objective Measurement Standard(s) Testing Procedure 

Effectiveness Force on ear canal 

entrance  

 

Section 11.2.3 of 

CSA Z94.02-14 

states that a tight 

seal needs to be 

made within the 

ear canal to ensure 

maximum 

protection. 

CSA 

Z94.02-14, 

Sections 

6.2.1 and 

6.2.3 

A fixture of an ear with flexible 

pinnae of firmness between 30 and 

60 when measured with a shore 00 

durometer should be bought or 

created (Appendix I). The force on 

the fixture should be measured for 

2 min ± 5s in units of newtons 

(N). The temperature and relative 

humidity of the room while doing 

the test should also be recorded. 

Sound Attenuation 

Measurement and 

NRR (Appendix 

J) 

CSA 

Z94.02-14, 

Sections 

6.1.1 and 

6.1.2. ANSI 

S3.19 

CSA Z94.02-14 states that sound 

attenuation measurements should 

follow ANSI S3.19 standards.  

 

Appendix J outlines the definition 

of NRR, the ANSI standard, and 

how NRR is calculated. 
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2.3 Implementation Requirements 

Although there are many different approaches that the client can take to implement the proposed 

design and distribute it to the residents that are most affected by noise, the focus of this section is 

to highlight one method that the team believes would be especially effective. The approaches 

that the team considered are highlighted in Appendix K. 

The recommended approach is to have HVRA purchase the design in bulk, and then stock it in 

high-traffic areas that are accessible to the majority of residents. Residents could then buy the 

design from these locations. 

With this approach, the client needs to consider business and legal regulations, because an off-

the-shelf, licensed product is being purchased and resold. To avoid possible legal ramifications, 

the HVRA should register as a federal, not-for-profit corporation at minimum if it has not 

already done so, and could also optionally register as a provincial not-for-profit corporation 

within Ontario [46]. As a federal, not-for profit corporation, the HVRA would be allowed to sell 

the design “without making profit,” and avoid legal repercussions [46]. If revenue is generated 

while selling the design, then the HVRA must put the revenue back into the organization for 

purposes that “further its aims and projects” [46]. Additionally, the HVRA would be required to 

maintain records and make them available to directors, and to file and report income [46]. In the 

case that HVRA were to generate revenue of $50,000 or more over any 12-month period, it 

would also be forced to register for a business number in order to charge, collect, and remit 

Harmonized Sales Tax (HST) [46]. 

2.4 Life Cycle and Environmental Impact  

A lifecycle assessment was conducted on the industry standard manufacturing process (Figure 

5). Each step of the assessment was considered in the 3R analysis outlined in tables 8, 9, and 10 

to evaluate alternative processes to improve environmental impact. The analysis outlines: reduce 

quantity of materials used or packaging required at point of generation, or optimize 

manufacturing process; reuse by improving consumer usage of product; and recycle by 

minimizing impact on environment at the end of the product’s lifecycle. Further environmental 

concerns were addressed by impact on human health (Table 11). Then, the recycle process was 

selected to be improved. The manufacturing process was evaluated to be out of the scope of this 

project because as mentioned in the implementation plan, HVRA will be purchasing an off-the-

shelf product and is not doing any manufacturing. However, disposal is an element that HVRA 

can coordinate. The cheapest options for disposal were evaluated for environmental impact, mass 

burn, and gasification (Table 12). Mass burn was more cost effective, however, gasification was 

more environmentally friendly (Table 13). Based on the objectives for minimizing cost, mass 

burn is the recommended disposal method. 
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Figure 5 - Life Cycle Analysis of Petroleum Based Polymer Production for Headphones 

 

Table 8 -  Reduce: quantity of materials used or packaging required at point of generation, or 

optimize manufacturing process 

Manufacturing 

Process 

Industry Standard Potential Improvement 

Polymerization Polymers are petroleum based.  

Low Density Polyethylene (LDPE) for 

the product and  

Polypropylene (PP) for packaging [47]. 

Use renewable materials like corn 

based polylactic acid and cotton 

linters based cellulosics [47]. Use 

more recycled resin [48]. 

Additives Protects plastics from “UV light, heat, 

colour, flame retardancy”, etc. [47] 

Include plasticizers to increase 

flexibility to improve the service 

life [48] 
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 Table 9 - Reuse: improve consumer usage of product 

Consumer Behavior Description Potential Improvement 

Storage Poor storage can increase 

exposure to elements, and 

damage product. 

Ship with jewel-box case. 

Usage Consumer Reports Health 

indicates users are inserting 

earplugs incorrectly. [49] 

Promote usage 

recommendations. 

  

Table 10 - Recycle: minimize impact on environment at the end of the products lifecycle 

Process Description 

Mass Burn Combust plastics in a controlled burn. Used when recycling is 

expensive or inaccessible [50]. 

Landfills Plastics are compressed to prevent decomposition of materials 

into harmful substances [51]. 

Pyrolysis Convert plastics to liquid hydrocarbons in a controlled burn 

without oxygen [51]. 

Reclamation Industry standard recycling process for plastics [51]. 

Conventional 

gasification 

Thermal conversion without oxygen to produce synthetic gas 

[51]. 

 

Table 11 - Impact of plastics on human health 

Concern Description 

Volatile Organic Compounds Chlorofluorocarbons (CFCs), solid waste and CEPA identified 

toxic substances create pollution. [48] 

Industrial chlorine-based 

activity 

PVC, using 30% of industrial chlorine, is opposed by 

environmental groups. [48] 

Hormone Imbalance Some chemicals from plastics, phthalates (PVC plasticizers) 

and nonylphenol (polymer additive) are being investigated as 

endocrine disruptors, which may cause health problems. [48] 
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Table 12 - Estimated Costs for Disposal Methods [52] 

Method Low ($ per kW) High ($ per kW) Average ($ per kW) 

Mass Burn 7000 10000 8500 

Pyrolysis 8000 11500 9750 

Conventional 

Gasification 

7500 11000 9250 

* Assuming 15MW output, cost in USD 

 

Landfills and reclamation were not considered in Table 12 because they are the industry 

standard. To minimize cost from the remaining three methods, mass burn and conventional 

gasification were selected. 

 
Figure 6 - Waste energy process flow diagram [52] 
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Figure 7 - Biomass gasification system [53] 

Table 13 - Socio-Economic considerations of disposal methods 

 Mass Burn Conventional Gasification 

Emissions Low temperature prevents 

removal of contaminants. [54] 

High temperature allows 

removal of more than 95% of 

mercury and “sulfur and 

nitrous oxides, and volatile 

trace contaminants.” [54] 

Water requirements Combustion is a water-

intensive process [55]. 

Can reuse water [55]. 

Availability 71 disposal plants [56]. 33 disposal plants [57]. 

 

Mass burn is approximately 8% cheaper, and twice as available, which reduces transportation 

costs of waste, but produces more emissions and requires more water than gasification. The cost-

effective solution is mass burn, and the environmentally friendly solution is gasification. The 

objectives prioritize minimizing cost, therefore, mass burn is the recommended solution. 
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2.5 Human Factors 

During the design process, the team designed for user experience to improve the final design. 

The survey results and interviews with Carlo Drudi and Robert Stambula are some of the 

primary sources of information that the team used to analyze possible human factors. The 

personal experiences of these people allowed the team to have a better understanding of how the 

design will interact with actual users. The team noticed that modifying people’s behaviour is 

difficult since even with the noise bylaw in effect, noise complaints continue to increase in 

Toronto [32]. Instead, the team decided to create a more technical design that focuses on 

reducing the noise that the user perceives. When the survey results were analyzed, it became 

apparent that sleep disturbance is one of the biggest issues associated with noise. Consequently, 

several factors that affect the user’s experience when using the design were considered. The table 

below lists each factor and explains how it was considered as a factor in the design. 

 

Table 14 - Factors and Considerations 

Factor Considerations 

People instinctively do tasks that require less 

effort or fewer steps [16] 

Considered number of operational steps as an 

objective 

According to unpublished survey results, 

users will likely use the design while sleeping:   

● Consider user’s comfort while using 

design 

● Design should work continuously over 

this period of time 

● Custom-molding allows earplugs to 

better fit the eardrums. Therefore, they 

should fit more comfortably and fall 

out less often  

● Design works while users wear it 

What does the user need to operate the 

design? (in terms of mass, energy and 

information) 

● Design require little technical 

knowledge for operation, making it 

more intuitive for the user 

● Design does not consume resources or 

energy during operation therefore less 

effort is needed to maintain it 

Earplugs may reduce the user’s awareness of 

his/her surroundings— particularly to 

emergency sirens & alarm clocks 

● The design reduces low to mid 

frequency noises, but fire alarms emit 

high frequency noises up to 3 kHz. 

Therefore, alarms should still be heard 

through the earplugs. [58][59][60][61].  
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2.6 Social Impact 

This section examines the social impacts associated with the implementation and use of the 

custom-molded reusable earplugs. The use of earplugs would lead to an improvement in the 

relationship between residents and those who produce the noise. Table 13 examines how the 

design balances the interests of all stakeholders. 

Table 15 - Analyzing impacts of design on stakeholders 

Stakeholder Overall 

Impact of 

Design 

Analysis of Impact 

City of Toronto Positive The City of Toronto is planning on increasing 

patio fees. An increase in patio fees would 

negatively impact small businesses. Our design 

decreases the need to increase patio fees 

because residents will not complain due to the 

noise in the area [62]. 

Residents of Harbord Village Positive Residents will experience better sleep, thus 

leading to better health and more productivity. 

[63] [64]                                                           

Local Businesses/Restaurants Neutral Design will not negatively impact their 

financial success.  

Health Canada Positive Design will help residents “improve their 

health”, which is Health Canada’s interest as a 

stakeholder. [8] 

Toronto Police Service Positive Since residents will complain less about noise, 

the Toronto Police will be able to focus on 

more important issues such as keeping the 

neighborhood safe. 

Toronto Noise Coalition, 

Neighborhood, Customers, 

Guests, Commuters 

Neutral Design does not reduce noise at source. 

Alcohol and Gaming 

Commission of Ontario 

(AGCO) 

Neutral Design does not target restaurants or 

businesses providing alcohol or individuals 

who consume alcohol. 
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2.7 Economics 

The following section describes the costs that are associated with the implementation plan 

outlined in section 2.3. The costs are divided into capital cost, ongoing cost, disposal cost, and 

external costs. 

Table 16 - Costs of custom molded earplugs 

 Description Cost [34] Amount 

Capital cost Initial investment to 

make the first bulk 

purchase* 

30 units at $35.99/unit  $1079.70 

HST $140.36 

Shipping  $66.65 

Total $1286.71 

Ongoing cost Cost to restock 

inventory after it  

sells out.  

30 units at $35.99/unit  $1079.70 

HST on purchase $140.36 

Shipping  $66.65 

Total $1286.71 

Disposal cost Cost to dispose of 

the design 

Not applicable since: 

(1) HVRA itself does 

not dispose the design 

(2) the design can be 

disposed of in the 

garbage at the end of 

its service life.  

$0 

External costs ● Opportunity cost of volunteers’ time in setting up the not-for-

profit and/or selling the product 

● Fees/costs associated with the physical locations where the 

earplugs might be sold 

* If HVRA is not already a not-for-profit corporation, an incorporation fee of $200 applies as a 

capital cost [46]. 
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3.0 Updated Project Management Plan 

The following table lists the next steps in the project and a timeline of when they are expected to 

occur. 

Table 17 - Milestones for the Project Management Plan 

Milestone Approximate Date Action items from client 

Submission of Final 

Design Specifications  

Week of April 10 None 

Final Presentation April 27 at 12 p.m. 

 

Galbraith Building (Room 220) - 

35 St. George Street, Toronto, ON 

Attendance is not required, 

but would be appreciated  

 

 

4.0 Conclusion / Recommendation 

Our client, Carlo Drudi, has approached the design team looking for a solution to reduce 

unwanted noise that reaches the residents of Harbord Village. The team has formulated project 

requirements and brainstormed five feasible solutions. From the five solutions, the team has 

concluded that custom-molded reusable earplugs is the most viable option. The chosen solution 

has been analyzed in terms of the various legal, environmental, social and financial factors. Next 

steps include following through with the implementation of the solution.  
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Appendix A - Updated Google Survey Results 

This appendix contains the responses to the Google Survey sent out to Harbord Village Residents 

who are on the HVRA’s emailing list. The updated number of responses is 34 people. 
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Please tell us how the noise has affected you: 

● Disturbed my family's sleep 

● Effects sleep and general well being. 

● It has woken me up, and disturbed family's sleep. Biggest issue is car stereo noise and 

motorcycle noise. 

● Well being. 

● Woken me 

● Only time was when C3 church at central tech was blasting really loud club like music in 

afternoon outside on a sunday. Really disrupted our peace in backyard. I went over and 

complained and they turned it down 

● loud voices in the street or lanes cause us to wake up in the night and late night parties 

that get louder and louder held outside co op houses nightly in summer, including illegal 

fires... 

● Wakened out of sound sleep by drunken revellers 

● It substantially contributed to a job loss 

● Interferes with sleep 

● I am not too much bothered by the noise - have gotten used to hearing sirens, etc. We are 

not directly beside College St and would probably feel a bit differently if we were closer 

to College, but other than the odd loud pedestrian every now and then we are pretty ok 

with the noise level in the neighbourhood. 

● Sometimes late night revelers wake me up, but I roll over and go back to sleep. It can be 

a little annoying, but I would rather live in an urban neighborhood with vitality than a 

dull village. Noise in the HV area is nothing compared to Leicester Square in London or 

similar locales. 

● it has affected my sleep 

● Reduced enjoyment of house and neighbourhood 

● Headaches,sleeplessness. 

● Loud talking and drinking creates a difficult environment in which to live peacefully 

● Working from home the loud daycare and schoolyard noises have caused me to use noise 

cancelling headphones during the day 
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● Can't keep windows open at night 

● Very difficult to sleep. 

● It's unpleasant and annoying 

● Bloor Street noise doesn't bother me, however late night/early morning loud, likely 

drunk, people (students?) walking down my street wakes me up most weekends at some 

point (usually guaranteed at least one night from Thursday - Saturday anyways). 

● Difficult to relax during weekday mornings + afternoons 

● limits the time you spend outdoors during the summer or it starts too early 

● Just annoyance 

● Not a huge issue for our block 

● Makes windows vibrate, disturbs quiet time for reading 

● Loss of enjoyment of outdoors during afternoons; occasional sleep interruptions 

● Can't study, disrupted sleep. 

● Sleep and concern for safety 

● I am traumatize by it, especially in the warmer months when the mentally ill men are on 

the patio all day. It makes it impossible for me to enjoy my yard outside. I must keep a 

radio , music, or the TV on all day to block the sound coming into home, clearly audible 

from inside. The patio next door is concrete, and acts as an amphitheatre to amplify the 

voices. The landlord will not consent to financing sound-proofing changes to the patio, 

even though the yelling and screaming, racist, homophobic, misogynist insults are 

broadcast to the neighbourhood within half a block of an elementary school on 

Lippincott. 

How long has the noise been a problem for you? 

● 11 years, since we moved to Lippincott 

● Four years. 

● 3 Years 

● Four years 

● 29 years 

● Not really a problem except for random occurrence 

● 5 years+ 
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● Years 

● 40 years 

● 2008 

● Since we moved in a year ago 

● Never 

● It's not really an issue - we live in a city. 

● It hasn't 

● Many years 

● From 1990's 

● 5 years 

● years 

● 20 years 

● Hasn't been a problem in since I moved to the neighbourhood 5 years ago 

● 10 years 

● Slum landlords who do nothing about the noise and goes on all the time. 

● Not sure you can call it excessive; it's intermittent loud noise. Mostly groups of 

pedestrians speaking loudly late at night. There's also been a lot of construction at 

Margaret Fairley Park, sometimes early morning., which is not a time you have made 

available below. Your survey needs some fine-tuning! 

● since moving here 4 years ago - the one downside 

● 1 year 

● on going 

● Sporadically 

● Not an issue 

● Since Kensington Gardens opened 

● Renovations and parks construction accelerated over past 5 years. 

● 11 years 

● Lived here since 1994. Noise from bars and clubs started about 12 years ago 

● 30 years 

● since 1998 
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Appendix B - Pairwise comparison of objectives 

To determine the importance of the objectives, they were compared against each other. The table 

is read by looking at the objectives listed row by row. If the objective in a row was thought by 

the design team to be more important than the objective in the column, a ‘1’ was placed in the 

cell where the row and column intersect. The total was added at the end of each row. Objectives 

with higher totals are deemed as more important. 

 

Table B1 - Pairwise Comparison of Objectives 

 Cost Effectiveness Initial Setup 

Time 

Operational 

Steps 

Total 

Cost  1 1 1 3 

Effectiveness 0  1 1 2 

Initial Setup 

Time 

0 0  1 1 

Operational 

Steps 

0 0 0  0 
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Appendix C - Cost of professional soundproofing per person per year 

The average soundproofing job costs $1733 USD [12] This is equivalent to $2322.22 using a $1 

USD = $1.34 CAD conversion factor. According to the 2011 Census, the average number of 

people living in a household is Toronto is 2.8 people [13]. The service life for the professional 

soundproofing is assumed to be the average time that a family will live in a household before 

moving, because more reliable data on the service life of professional soundproofing could not 

be found. The Census does not collect data on how long people stay in a home before moving, so 

data from the American-based National Association of Home Builders (NAHB) was used [14]. 

On average, people live in a household for 13 years before moving. 

 

Dividing $2322.22 by 2.8 people and then by 13 years is approximately $63.80. 
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Appendix D - Definition of Equivalent Sound Level (Leq) 

Over a time interval, sound levels in dB can fluctuate significantly. Leq is a measure that takes all 

of this into account, and returns one constant value in dB that is equivalent for the entire time 

interval. That is to say, being exposed to a Leq value for one hour has the same effect as listening 

to all the different sounds that occurred over that same hour. The following picture, taken from 

page 13 of City of Toronto By-law No. 111-2003, shows the mathematical definition of Leq [2]:   
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Appendix E - Estimated durations for home improvement projects by professionals 

Table 1 lists various home improvement projects, the size of the project, approximate time for 

the project, and the number of workers needed if done by professionals in that field. The table 

has been narrowed down from its original length, but reproduced in the same format as the 

original [15]. This data is being used because information relating to the duration of a 

professional soundproofing job for a residence could not be found. 

 

On the list, professional soundproofing is most similar to the “Insulating house (roll fiberglass)” 

heading under “General construction and repairs”. Thus, an installation time of 8 hours, requiring 

less than 3 workers, was used as the goal for the setup time objective.   

 

Table E1 - Home improvement projects done by professionals [15] 

Project name Project size Time frame Number of 

installers 

Interior home improvement 

Flooring 

Laminate flooring 

installation 

One room 12' x 12' 3 – 5 work 

hours 

1 

Hardwood flooring 

installation (staple 

down) 

One room 15' x 15' 7 – 8 work 

hours 

2 

Bamboo flooring 

installation (nail down) 

800 ft2 2 – 3 work 

days 

3 

Cork flooring 

installation (floating) 

700 ft2 10 – 12 work 

hours 

2 

Kitchen 

Complete kitchen 

remodeling 

12’ x 12’ kitchen 1.5 – 3 weeks 3 

Kitchen faucet 

replacement 

1 unit 1 – 1.5 work 

hours 

1 

Kitchen sink 

replacement 

One 32" x 19" x 8" double 

bowl stainless steel sink 

2 – 2.5 hours 1 
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Granite countertop 50 ft2 4 – 5 work 

hours 

3 

Bathroom 

Complete bathroom 

remodeling 

Full size bathroom 6’ x 8’ 1 - 3 weeks 3 

Toilet replacement One dual flush toilet 1.5 - 3 hours 1 

Shower door installation One 36” x 69” framed pivot 

door 

2 - 3 hours 1 

Bathtub replacement One 60" x 30" x 15" acrylic 

tub 

3 - 5 hours 1 (2) 

Painting 

Interior painting One story house (1,800 ft2) 1 - 2 weeks 3 

Exterior painting Two story house (2,100 ft2) 2 - 4 days 3 

Electrical 

Ceiling fan installation 1 unit 2 - 2.5 hours 1 

Recessed lighting 

installation 

10 remodel recessed 

housings (6”) 

5 - 7 hours 1 

Rewiring a house 2-story 2,600 ft2 house 2 - 3 days 2 (3) 

Heating/cooling 

Furnace replacement 1 unit 5 - 8 hours 2 (1) 

Air ducts cleaning 1-story 1,600 ft2 house 2 - 5 hours 1 (2) 

General construction and repair 

Insulating house (roll 

fiberglass) 

One story house (1,900 ft2) 7 - 8 hours 3 

Crown molding 

installation 

3 rooms (200 linear feet) 4 - 5 hours 2 

Home security system 1 system in 2-story 2,300 ft2 1 - 2 days 1 - 2 
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installation house 

Home theater 

installation 

1 system 4 hours - 2 

days 

1 - 2 

Exterior renovation 

Windows replacement 16 - 19 windows (average 

house) 

2 - 3 work days 3 

Garage door 

replacement 

1 sectional door (8’ x 7’) 5 – 7 work 

hours 

2 

Skylight installation 1 unit curb-mounted (24” x 

36”) on low pitch roof 

1 - 3 work days 1 (2) 
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Appendix F - Land Usage Calculations 

 

 

 

 

 

 

 

 

 

 

 

Total Area of Neighborhood  = 0.63km2                    Area of Residential Area = 0.43km2   

 

Percentage of Residential Area = (0.43 / 0.63) x 100% 

                                                   = 68.25 % 

68% was chosen as an objective goal for coverage because it would be good to have the design 

reduce the amount of noise that all residents in Harbord Village are exposed to. [18] 

 

 

 

 

 

 

 

 

 



Engineering Strategies and Practice 

39 

 

Appendix G - Weather Data & Calculations 

Table G1: Averages for  monthly temperatures, rainfall and hours of sunshine [24] 

Month Average High 

(°C) 

Average Low 

(°C) 

Rainfall (mm) Average Daily 

Hours of sunshine 

(hours) 

January 0 -5 40 3 

February 0 -5 40 3 

March 4 -2 40 6 

April 9 5 50 8 

May 17 10 30 9 

June 22 10 30 10 

July 25 17 60 11 

August 24 17 50 10 

September 22 13 40 9 

October 14 8 40 6 

November 8 2 50 5 

December 1 -3 20 3 

Year 12.2 5.6 40.8 6.9 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Engineering Strategies and Practice 

40 

 

Appendix H - Custom-Molded Reusable Earplugs - Additional Information & Calculations 

While considering an earplug design, both disposable and reusable solutions were considered. A 

reusable solution was chosen because disposable earplugs have higher long-run costs and are less 

effective at reducing noise than reusable earplugs are. This appendix compares disposable 

earplugs and reusable earplugs, and then outlines information and calculations pertaining to the 

reusable earplugs 

 

The Hearos Ultimate Softness disposable earplugs cost $15.99 CAD for a pack of 14 and have a 

NRR of 32 dB [33]. In accordance with ANSI standards, a derating factor of 70% should be 

applied (see Appendix J), which implies that these earplugs provide a noise reduction of 9.6dB 

 

On the other hand, the Decibullz custom-molded reusable earplugs have a NRR of 31 dB [34]. In 

accordance with ANSI standards, a derating factor of 50% is applied. This implies that the 

design provides a 15.5 dB reduction in noise levels. Given the objective goal of reducing 

unwanted noise to 45 dB, the solution can reduce unwanted noise to the objective goal only if the 

unwanted noise is less than or equal to 60.5 dB.  

 

The manufacturers state that the molds “should last several decades if not longer” on their 

Amazon.com listing, but only provide a one year limited warranty on the product[34][35]. Thus, 

the service life is assumed to be three years. This is because three years is in between one year 

and several decades, but closer to the lower value of one year. 

 

The cost of the earplugs is $35.99 CAD. The cost per year is obtained by dividing the cost by the 

three years in the service life. This implies a yearly cost of $11.62/person/year and a cost per dB 

reduced of $1.68. 

 

Before using the earplugs, they need to sit in boiled water for 5 minutes to soften and for another 

5 minutes inside the ear to mold to shape [36]. Thus, the approximate initial setup time is 

assumed to be 20 minutes because that is a slightly longer duration of time. 

 

The operational steps to use the earplugs after the initial setup consists of putting the left earplug 

into the left ear and the right earplug into the right ear. These steps, which can be performed in 

parallel, reduce the number of operational steps to use this design to only one step. 
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Appendix I - Requirements for fixture to measure force exerted on ear canal entrance 

This appendix specifies the dimensions of the fixture that can be created or bought when 

measuring the force exerted on the ear canal entrance. The following table and figures are taken 

directly from CSA Z94.2-14. The table outlines the various dimensions, and the figures show 

where these dimensions are located on the fixture   

Table I1 - Pinna dimensions for force measurement fixture 

Ear length 66 mm 

Ear length above tragion 30 mm 

Ear breadth  37 mm 

Ear protrusion  23 mm 

Ear protrusion angle  160° 

Side vertical tilt  6° 

Frontal vertical tilt, side view  10° 

Concha length  28 mm 

Concha length below tragion  20 mm 

Concha breadth, tragion to helix  23 mm 

Concha depth  15 mm 
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Figure I1 - Model of fixture with labelled dimensions 
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Appendix J - Noise Reduction Rating (NRR) 

Noise Reduction rating is a measure in dB of how well an earplug reduces noise. Manufacturers 

are required to provide this value when selling hearing protectors in the United States [43]. 

 

The American National Standards Institute (ANSI) recommends that end users “derate” the NRR 

provided by the manufacturer because the level of sound attenuation that the earplug will provide 

in the real world is markedly different from the NRR obtained in the lab. ANSI states that the 

NRR for earmuffs should be reduced by 25%, the NRR for “slow-recovery formable earplugs” 

should be reduced by 50%, and the NRR for all other earplugs should be reduced by 70% [43]. 

 

NRR is calculated by testing the sound attenuation in dB at frequencies of 125 Hz, 250 Hz, 500 

Hz, 1000 Hz, 2000 Hz, 3150 Hz, 4000 Hz, 6300 Hz, and 8000 Hz in a laboratory. For each of 

these frequencies, the mean attenuation and standard deviation is recorded [44]. 

 

NRR can then be calculated according to the following equation [45]: 
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Appendix K - Approaches for Implementation Requirements 

This appendix describes the three main ideas that the design team came up with for how HVRA 

could implement the design. These ideas, along with the advantages and disadvantages of each of 

them, are discussed in the table below. At the bottom of the table is  

Table K1 - Approaches for Implementation Strategy 

Approach Description of approach Advantages and disadvantages of approach 

A Provide the link for individual 

residents to purchase the design on 

the HVRA’s website, in an email, or 

in a letter. Let individual residents 

who want the design order one. 

Advantages: 

- This method is the least complex, 

and thus most simple to implement. 

Disadvantages: 

- Higher cost to individual residents; 

no cost benefit associated from 

buying in bulk exists with this 

approach 

- Impersonal and somewhat 

demeaning. Residents might feel 

like their noise concerns are not 

being taken seriously if the response 

is to simply provide them with a 

link to go buy earplugs online 

B Organize a group of people who 

want to purchase the design, and 

then buy it in bulk. 

Advantages: 

- Lower cost to individual residents 

because buying in bulk 

Disadvantages: 

- Difficulty in organizing the group 

of people who want to buy 

- Arranging money for the bulk 

purchase and choosing a form of 

payment (e.g. cash, cheque, e-

transfer)  

C Have the HVRA buy the product in 

bulk, and then resell it to local 

residents who want to buy it. The 

design could be sold in high-traffic 

areas that are accessible to the 

majority of residents (e.g. schools, 

condos, apartment buildings, or 

local businesses that agree to 

participate). Residents could then 

directly purchase the design at these 

locations. 

Advantages: 

- Lower cost to individual residents 

because buying in bulk 

- Easy for residents to access 

- Shows that residents’ concerns are 

being taken seriously 

Disadvantages: 

- Arranging money for the bulk 

purchase and choosing a form of 

payment (e.g. cash, cheque, e-

transfer)  
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To avoid possible legal issues, 

HVRA should register as a federal, 

not-for-profit corporation if it has 

not already done so. This 

registration, which can be 

completed online, involves filling 

out a few forms and a $200 fee [44] 

- Uncertainty on whether all of the 

product will be sold. There is a 

possibility of having excess, unsold 

inventory 

- Need for inventory controls to 

prevent theft of the product 

 Conclusion: The team decided to choose Approach C because it is the approach 

that makes the design the most accessible and easy to purchase for 

residents who want one.  

 

Considering the client’s need to reduce noise levels for affected 

residents, and selectively distribute a solution to individuals who are 

most affected, the team concluded that residents’ ability to access the 

design was the most important factor in choosing an implementation 

approach. Purchasing the design also shows that the HVRA is taking 

noise complaints seriously, and actively making an attempt to help 

residents. 

 

 


