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Executive Summary  

The objective of this project was to design a shingle using recycled ground tire rubber capable of 

withstanding Winnipeg, MB weather conditions. Our team developed and tested various rubber 

and additive mixtures to assess their strength and durability under specific conditions. Of the 

mixtures that seemed promising during initial testing phases, they were then subjected to weather 

simulations representing 1 in 25-year storm conditions in Winnipeg. 

The final stage involved creating full-scale prototypes using a mold designed by the team, which 

ultimately determined the project’s success. Despite initial promising results, unexpected failures 

occurred during the full-scale production phase, resulting in inconclusive findings regarding 

shingle viability. Further testing and refinement are necessary to meet the client’s requirements 

and to address the challenges that were encountered during this project.  

Recommendations for future research and improvements include optimizing the materials used, 

enhancing the appearance of the shingles to better suit the aesthetic desires of the client, improve 

efficiency by manufacturing a different mold, process optimization such as incorporating an 

injection mold and exploring liquid mixture formulations, and researching the feasibility and 

economic factors in mass-producing shingles using the proposed materials.
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1. Introduction 

1.1 Purpose 

Tires are difficult to recycle due to the production of harmful chemicals, pollutants, and materials 

such as rubber and steel wires, all of which pose a significant impact on the environment. The 

global impact of tire waste is staggering, with one billion end-of-life tires generated annually and 

a cumulative total of four billion tires accumulating in landfills and stockpiles, as reported by the 

Tire Industry Project for the World Business Council for Sustainable Development (Tire Industry 

Project, 2018). 

Understanding the complex composition of tires, which consist of rubber, steel, and fabrics, is 

essential when attempting to maneuver through the intricate process of tire recycling. The 

resource-intensive and costly separation of these components emphasizes the need for innovative 

solutions for recycling items such as this. The purpose of the design outlined in this report is to not 

only to address the environmental challenges posed by tire waste but also to create a sustainable 

and economically profitable product. 

This project’s efforts are centered on designing and fabricating roof shingles made from at least 

95% recycled materials, primarily sourced from Ground Tire Rubber (GTR) fibres. By repurposing 

discarded tire materials, our project contributes to environmental conservation. Simultaneously, 

achieving economic viability aligns with the broader goal of creating a product that not only 

minimizes the environmental impacts from discarding old tires, but also introduces a market-value 

product. Our innovative roof shingle serves a dual purpose in promoting environmentally 

conscious recycling methods and offering economic benefits. With this project, we aim to reshape 

the realm of sustainable construction materials. 

It is important to note that this report aims to provide a comprehensive analysis of the 

environmental challenges associated with tire waste and the potential solutions offered by the 

development of recycled tire roof shingles. By examining the intricate process of tire recycling 

and the innovative approaches taken in this project, readers can expect to gain insights into both 

the environmental impact of tire waste and the opportunities for sustainable construction materials. 
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1.2 Background 

1.2.1 The Client: Reliable Tire Recycling  

The client for this project is called Reliable Tire Recycling (RTR). RTR is a company based in 

Winnipeg, Manitoba that focuses on recycling used tires, that otherwise have no value, to make 

viable products. RTR’s mission since 1992 has been to collect tires from all around Manitoba for 

processing (Reliable Tire Recycling, 2023). RTR was inspired by the Used Tire Management 

Program (UTMP), that focused on repurposing used tires. They began their product range with 

blasting mats and tire derived aggregate (shred) for civil engineering applications.   

The company was able to expand in 2007, where they acquired the Tire Recycling Corporation of 

North America based in Winkler, Manitoba, which was a tire crumbing and molding operation that 

manufactured these products into rubber matting for sports and agricultural markets. In 2010 and 

2011, RTR was able to move their crumbing and molding operations to Winnipeg, respectively. 

Acquiring OTR Recycling in Ashern, Manitoba, RTR was able to repurpose “off the road” tires 

(OTR) into cattle feeders, water troughs and mulch for the landscaping market.   

According to RTR, as Manitoba’s premier vertically integrated tire recycler, they have consistently 

provided efficient tire collection throughout the province. They transform tires into valuable 

products such as molded goods, rubber mulch, blast mats, sidewalls and traffic safety markers 

while continuing to develop new products to this day, which includes roofing shingles, as this 

product has to opportunity to become more profitable than items currently sold by RTR.  

It should also be noted that for the purpose of this project, Jardel Santos, the main contact between 

this capstone group and RTR, has been an incredible resource for information due to the extensive 

research done in their Ph.D. candidacy at the University of Manitoba.  

1.2.2 Recycling Process for Ground Tire Rubber 

Tires are collected from their source and made into GTR through different degrees of 

decomposition, according to a review focused on GTR processing by Fazli and Rodrigue (Fazli 

and Rodrigue, 2020). The development of GTR involves shredding of the tires to reach the desired 

particle sizes.   
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This procedure, known as downsizing or down-cycling, involves fragmentation of tires into 

smaller particles. This fragmentation serves to increase the surface area of the particles, creating 

their distribution as fillers within matrices. Doing so improves the bonding between materials 

within the mixture. A filler distribution matrix involves arranging these small tire-derived particles 

in a way that enhances their even distribution within the composite material, ultimately 

strengthening the cohesion between different materials used in the mixture (Fazli and Rodrigue, 

2020). 

The tires further require the extraction of textile and steel reinforcements from the rubber particles 

which is done using pneumatic separators and electromagnets during the grinding phase. This 

ensures that the GTR does not include unwanted materials to make it suitable for a wider range of 

applications. The grinding processes described by Fazli and Rodrigue include cryogenic, ambient, 

wet and water jet methods. These different processes result in various particle sizes, including 

larger particle sizes of 50-300 mm to very fine powders of <500 mm. The choice for which method 

to use depends on the desired particle size to tailor the GTR for specific applications. In a study 

done by Al-Attar et. al., the larger crumb rubbers from waste tires are obtained using cryogenic 

grinding at a lower temperature than that of the glass transition and mechanical grinding at ambient 

temperature (Al-Attar et. al., 2022). Figure 1 shows large crumb rubber sample compared to fine 

powder crumb particles sized at approximately 0.36 mm in diameter. 
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Figure 1. Ground tire rubber samples. 

GTR serves as a versatile material with diverse applications. There are valuable properties in waste 

tires including natural and synthetic rubbers, which are useful reinforcing materials for composite 

production. According to Fazli and Rodrigue, blending waste tires with virgin matrices reduces 

the costs of the final product and decreases the consumption of virgin materials. This approach has 

been implemented in different applications such as improving road surfaces on highways and 

enhancing the resilience of concrete compositions in construction.   

Integrating waste tires into polymer matrices, which includes thermosets, thermoplastic and 

rubbers, results in the creation of sustainable and environmentally friendly composite blends that 

have the potential to be commercialized (Fazli and Rodrigue, 2020). Products made from these 

blends often include mats, surfaces for playgrounds, athletic flooring, and automotive parts. 

1.2.3 Roofing Shingles 

Roofing shingles are a vital component of the home. They are designed to protect homes and 

buildings from the environment around them, serving as a durable, weather-resistant covering. 

Shingles have been historically made from many different materials, with the most common today 

being asphalt; however, wood, slate, and metal have also been used. Wooden shingles, often used 

in early construction, provided a rustic appearance, but were susceptible to rot and fire. Slate, 

known for its durability and elegant aesthetic, has also been a popular roofing option based on its 

durability. However, slate shingles tend to be relatively expensive and therefore are not a 

financially viable option for many homeowners in Winnipeg. 

When testing these shingles in Canada, the Canadian Standards Association (CSA) oversees 

developing and testing the standards for which shingles can be certified. The common tests used 

for certification include tear strength, pull-through resistance, as well as class ratings for resistance 

to fire and impact damage tests. Tear strength and pull-through both measure the force required to 

either tear the shingle at a known location, or measure the force required to tear the head of a 

roofing nail through the shingle. Almost all asphalt shingles receive the highest rating (Class A), 

so the purpose of this test is to mainly compare specific products to one another. Impact testing 



   

 

 

 

5 

operates on a Class 1 to Class 4 rating, with Class 4 displaying the most resistance (InterNACHI, 

2024). 

Advancements in technology and material science have expanded the options available for roofing 

shingles. Among these, asphalt shingles have emerged as a popular choice, providing a cost-

effective solution for roofing needs. Despite their widespread use, asphalt shingles come with 

certain drawbacks. Their relatively shorter lifespan, typically around 15 years (GC Roofing 

Company Edmonton, 2022), compared to the lifespan of 75 years for slate shingles, stands out as 

a notable limitation. Moreover, concerns regarding their environmental impact during disposal 

have also been of concern. 

Several factors contribute to these environmental concerns. Firstly, asphalt shingles derive from 

non-renewable resources, primarily petroleum, thereby raising questions about sustainability. 

Additionally, the manufacturing process for asphalt shingles is notably energy intensive (Dhar, 

2023).  

Further, according to a publication by researchers working with Innovative Waste Consulting 

Services, LLC, there are several health, environmental and sustainability concerns associated with 

asphalt shingles. The two main concerns include those related to asbestos and polycyclic aromatic 

hydrocarbons (PAHs) (Townsend et. al, 2007). Asphalt shingles contain a small number of PAHs 

which can leach into the environment causing health concerns due to carcinogens present, and 

environmental issues from bioaccumulation, air pollution, water pollution and they may disrupt 

sensitive ecosystems (Abdel-Shafy and Mansour, 2016). 

As sustainability is an increasingly important issue today, creating a product that is both 

sustainable and economically viable is desirable. Recycled materials, such as GTR fibres, are 

gaining traction as components in innovative shingle designs. These materials not only repurpose 

waste but also contribute to a more sustainable and environmentally conscious approach to roofing. 

In the context of this project, the focus is on utilizing GTR fibres from used vehicle tires to produce 

roofing shingles. The intent is to offer homeowners in Winnipeg, Manitoba, a sustainable roofing 

option that is both stylish and tailored to endure the city's unique weather cycles. 
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Spec. Description Criteria 
Verification 

Approach 

Verification 

Procedure 

S6.1 Appearance 
Resembles cedar or 

slate shingle 
Visual observation 3.9 

The technical specifications S1.1-1.3 detail the dimensions of the shingle. The length and width 

(S1.1 and 1.2 respectively) were provided from the initial project application form. The initial 

values of 40 x 20-in were then converted to International System of Units (SI) for the purpose of 

Table 1 above. Thickness (S1.3) was chosen based on in-person meetings and discussion with the 

client. All the specifications can be confirmed by measuring the prototype shingle.  

Weight (S2.1) was another specification included in the original project application form. This was 

measured during the construction of the shingles, making sure to not exceed the specified number. 

This is important for the transportation and installation of the shingle as well as the load weighing 

on the home to which it will be installed.  

S3 provides required details about the weather specifications of the shingle prototype. All four of 

the specifications can be verified by testing the shingle prototype and observing how it reacts. The 

ability of the shingle to work within a temperature range of –60oC to 60o C was tested by subjecting 

the shingle to each temperature for a period of 1 hour plus an additional hour at room temperature 

between each temperature extreme for a total of 25 cycles (S3.1). A temperature range of –40oC 

to 40o C was provided by the initial project application form and confirmed by the client, however, 

it was better to include a wider range due to the available testing equipment and due to the 

absorption of heat in shingles. It is also consistent with the climate that may occur in Winnipeg, 

Manitoba. Water/rain proof and hail proof specifications (S3.3 and S3.2 respectively), were chosen 

to withstand a 1 in 25-year Manitoba storm to coincide with the clients desired 25-year warranty 

period of the shingle. The prototype also needs to be able to withstand being blown away or 

damaged by wind while positioned at the 4:12 ratio for the slope of a roof, consistent with the 

average roof slope of Manitoba homes (S3.4). Additionally, ultraviolet (UV) testing should be 

completed to determine degradation due to heat and sunrays in the summertime. 

The project application form specified that the shingle needs to be constructed using mostly 

recycled materials. Client meetings narrowed the percentage to at least 95% recycled rubber or 
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greater (S4.1). The remaining 4% of this mixture will consist of binder and additives to add 

structure to the shingle. 

Installation of the shingle is to utilize the roofing nailing method (S5.1), which is the typical 

industry standard method of installation, and will allow the team to gauge how the shingle 

withstands use by the main user. The verification of this can be tested and observed with the 

completed prototypes. 

Lastly, the shingle needs to have a similar appearance to a cedar or slate shingle (S6.1). This 

specification is set for aesthetic purposes as the consumer would likely purchase a product that 

will look pleasing on their home. 

These specifications are elaborated on in Section 3 of this report where the verification procedures 

are discussed. 

1.3.3 Constraints and Limitations 

The project has a few limitations in place affecting the workflow. Table 2 below provides 

descriptions of the project constraints and details the mitigation strategies being utilized should 

the issues occur. The main limitation of this project (C1) is the timeframe, with the team’s scope 

of the project needing to be completed by April 2024.  

Certain equipment is needed to construct and test the prototypes (C2), so progress will be 

constrained by the availability of the necessary equipment. This is also true for lab time and space. 

The conflicting schedules among the team members (C3) pose a challenge, leading to limited 

opportunities to collaborate on completing the project within the specified timeframe. 

The previously described constraints are listed in a tabular form, shown in  

Table 2, below. 

Table 2. Constraints and mitigation strategies. 
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2. Design Solution  

The design solution includes both material testing and creating a mold, so a prototype can be 

produced. A major portion of the design solution was to come up with a mixture of rubber and 

other recycled materials that meets the requirements of the project. At the request of the client, the 

mixture design needed to be 95% recycled materials or greater. A preliminary testing phase took 

place to determine which form of GTR (fine, coarse, or fibrous), along with what mixture of other 

materials would be good candidates for the next test stage. The test samples need to be rigid enough 

to pass testing, and not crumble or break apart due to surface agitation. There was a total of three 

test phases which will work to eliminate material options until the best material is determined. For 

most of the testing, a repurposed heat mold was used to create the samples. After the completion 

of tests which could be completed with a small sample disk, a full-sized prototype mold was 

created. Once all testing was complete, the result was an upscaled prototype of a two in one shingle. 

The outlined bill of materials can be seen in Appendix A, while the workplan the team followed 

can be seen in Appendix B. A flow chart outlining the design process steps can be seen in Figure 

2. 

 

Figure 2. Flow chart outlining the general design process. 
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2.1 Mold Design  

2.1.1 Test Mold 

For most of the tests, a mold from a previous biosystems department project was repurposed to 

produce samples. Utilizing this mold saved on time and expenses associated with creating a new 

mold. Modifications have been applied to increase the gap between the two halves to achieve the 

required 3 mm thickness of the sample. The mold was calculated to have a volume of 12 cm3. An 

image of the mold is depicted in Figure 3 below.   

 

 

 

(a) Bottom half of mold (b) Top half of mold 

Figure 3. Repurposed mold used to make samples. 

The mold was previously used to make a plate like shape, so for the purposes of this project only 

enough material to form a circular disk was used, as depicted in Figure 3a by the flat bottom section 

of the mold. This mold was employed during the preliminary, secondary, and tertiary tests 

(excluding wind testing). A full-sized prototype mold will be designed and machined to complete 

the tertiary testing phase, as well as to provide the required prototype for the client. 

The manufacturing procedure for creating the test pieces involves the following steps:   

1) Attach the mold to the hydraulic hand press.  

2) Electrically heat the mold by plugging in and turning on the control box.   

3) Prepare the mixture based on weight.  

4) Pour the mixture into the mold.  
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5) Utilize the hand press lever to apply approximately 85 psi to the rubber mixture for 8-10 

minutes.  

6) Remove the finished product from the mold. 

7) Repeat the process for new samples. 

2.1.2 Prototype Mold 

A Prototype mold was designed and machined to create a full-scale shingle prototype. A prototype 

was a requirement of the client and is also needed for the wind test. The prototype mold was 

designed in AutoCAD and is 24 x 24 inches in size and can be seen in Figure 4 and Figure 5. The 

mold was manufactured by the University of Manitoba’s (U of M) Mechanical Engineering 

Machine Shop. The mold is a 2 in 1 shingle design that is 18 x 18 inches, and 0.118 inches (3mm) 

thick at most points, apart from the structural sections which are double the thickness. 

The top half of the mold was machined from a 24 x 24-inch multipurpose 6061 aluminum sheet, 1 

1/4-inch in thickness. The top of the mold features the structural grid design for the underside of 

the shingles. There is also a slightly lowered edge to indicate where to cut, as there is a 1-inch 

border surrounding the shingle to reduce imperfections that could be made by removing the shingle 

from the mold. 

 

Figure 4. Inside view of top of prototype mold. 
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The bottom of the mold was made using a 24 x 24-inch multipurpose 6061 aluminum sheet, 1/2-

inch in thickness, as well as four, 1 x 2-inch bars, 2-ft in length to make up the raised edge. 

Connecting the bars to the base plate are 14, 3/8” -16 black-oxide alloy steel hex drive, flat head 

screws, 1 1/4-inch in length. The screws are bolted up from the underside of the mold. The bottom 

half of the mold shows what the top face of the shingle will look like and features two, 9 x 8.75-

inch rectangles 0.118 inches in depth with filleted edges. The team attempted a textured face 

resembling slate for the mold, by using a 3-D scan. Due to time constraints and computing 

requirements along with the complexity of the 3-D scan file, the team ended up continuing the 

mold with a smooth face. Along with the limitations of computing the file, the textural design 

would have taken extensive time to machine due to the detail, and it would not have been able to 

be completed at the U of M Machine Shop due to the tools and time required. Further details 

regarding the textural design process can be seen in Appendix D: Textural Design for Mold. There 

is, however, enough space remaining in the depth of the bottom plate to add texture to the design 

later, if the client wishes.   

 

Figure 5. Inside of top and bottom mold. 
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Shown below in Figure 6 is the outside of the manufactured mold. The bottom of the mold features 

the previously discussed bolts, while the top features the threaded holes. 

(a) Bottom of Mold     (b) Top of Mold 

Figure 6. Outside of manufactured mold. 

A mistake was made during the construction of the mold, the bottom plate was shifted an inch 

over. The machine shop employees ensured that the internal portion of the mold still fit together 

as designed. As seen in Figure 7, the bottom plate is not flush with the rest of the mold. This error 

is indicated by an arrow shown in the figure.  
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Additive(s) Rubber (g) Sulphur (g) HDPE (g) 
Hydrogen Peroxide 

(g) 

38.02 0.48 1.59 0 

38 0.86 1.27 0 

38 0.50 1.50 0 

38 0.75 1.25 0 

38 0.60 1.40 0 

Hydrogen 

Peroxide 
39.36 0 0 0.67 

2.2.1 Preliminary Testing 

The first sample mixtures using only HDPE and rubber were formed using a hand operated 

hydraulic press and compression mold plate, as detailed in Section 2.1.1. This procedure yielded 

five sample discs, each with an approximate 3 mm thickness and an approximate diameter of 106.1 

mm, illustrated in Figure 8 below.   
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Figure 8. Material test samples for preliminary testing. 

Following the cooling and removal of samples from the mold, preliminary tests were performed, 

which included stickiness tests, crumbling tests, flexibility/tensile tests, and aesthetic 

assessments.   

The stickiness test involved feeling the flat surfaces of the sample discs to identify any areas that 

remained sticky after cooling. The sample passes the stickiness test if it does not feel sticky after 

cooling for some time. For the crumbling test, individuals ran their fingers across the disc faces to 

detect any flakes or pieces that may have been dislodged from the sample. A passing sample 

required that no pieces or flakes were removed from the sample. Assessing the flexibility was done 

by bending the discs at the centre, observing any cracks or deformations. If the sample remains 

uncracked or deformed, it is considered a pass. The aesthetic test, being subjective, relied on each 

team member’s judgment to determine the best-looking samples in terms of their similarity to slate 

shingles and overall smoothness. The sample was considered a pass if it appeared to look smooth.  

Each sample received a pass or fail grade, and the results are summarized in Table 5 below, with 

passing samples for all four preliminary tests outlined in black.  
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total mass was slightly altered again for sample 3 as the mold didn’t fully close for sample 2. In 

sample 4 the team decided to return to 1200g as the thickness of sample 3 was inconsistent and 

some sections were very thin. The results of the full-scale test pieces are as follows. 

Sample 1 (5% HDPE) 

The images in Figure 9 show the material crumbling around the edges. This sample was nearly 

twice the required thickness. The material was easy to pull apart, especially around the edges, 

and there were inconsistencies in the material at different points. One of the inconsistencies of 

the material was the central regions of the structural components being ridged and strong while 

closer to the edges these ridges crumbled with ease. The faces of the individual shingles also 

appeared much shinier than the rest of the sample. This is due to that portion having been 

machined. That section of the bottom half of the mold is much smoother and shinier than the 

rest, as seen previously in Figure 5. This is causing better heat transfer and a smoother melt 

because of the surface finish, paired with this part of the shingle being in closer proximity to the 

heating element of the press. This could likely be remedied by lightly sand blasting the area to 

create a duller surface finish (KDMFAB, 2022). Sanding with a block or methods done by hand 

may create directional grain that would likely be visible on the shingle sample.  

  

(a) Front of Sample 1 (b) Back of Sample 1 

Figure 9. Full Scale Sample 1. 

Sample 2 (1.5% Sulphur + 3.5% HDPE) 
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The images in Figure 10 show more crumbling than sample 1. This could be due to the shingle's 

thickness being close to the desired thickness when compared to sample 1. Mold release was not 

used on the bottom of this sample, which caused some additional tearing from the material 

sticking to the mold. The same inconsistencies of material mentioned in sample one, were seen 

with this sample. An issue that became apparent when the sample was the correct thickness was 

the lack of rigidity of the material once upscaled. 

  

(a) Front of Sample 2 (b) Back of Sample 2 

Figure 10. Full Scale Sample 2. 

Sample 3 (1.25% Sulphur + 3.75% HDPE) 

Sample 3 came out the least quality of the three samples, it was very easy to pull apart by hand 

and crumbly at a variety of sections even though mold release was used on both faces of the 

mold. Sample three held similar issues as samples 1 and 2. Sample 3 can be seen in Figure 11.  
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In the graphic depicted in Figure 13, the cycle starts from the top-leftmost box. The life cycle tests 

were conducted by taking one sample disk of the top three mixtures, shown previously in Table 6, 

stacking them in a random order, and placing the stack inside a Forma –86C ULT Freezer set to -

60°C. After 60 minutes elapsed the samples were removed and left to warm up to room temperature 

for 60 minutes. The samples would then be subsequently placed in a Fisher Scientific Oven set to 

60°C for 60 minutes, removed, and left to cool to room temperature for another 60 minutes. Lastly 

the sample on the bottom of the stack was removed and placed on top of the stack; ready to be 

placed in the freezer. This entire process constituted one full cycle, with 25 total cycles being 

completed to simulate the products required 25-year warranty.  

From March 1st, 2023, to March 1st, 2024, the monthly minimum and maximum temperatures of 

Winnipeg ranged from a mean of –12.2°C to 20.9°C (Weatherstats, 2024). The maximum and 

minimum temperatures observed during this time frame were 36.5°C and –30.2°C respectively. 

This means the samples were subjected to nearly double (60 vs. 36.5, and –60 vs. -30.2) the 

maximum and minimum temperatures recorded, but this still provided good temperature shock test 

results. A sample was considered to have passed this test if at the end of the 25th cycle, no visible 

discolouration, deformations, cracks, or other breakages were observed. Each of the three chosen 

mixtures had two samples being exposed to this life cycle testing to account for any unforeseen 

changes occurring throughout the exposure. 

All six of the samples exposed to the test maintained same colouration from the first cycle through 

the 25th, and no visible breaks/tears were found. As a result, all the samples passed the extreme 

temperature test. These results suggest that all three of the tested mixtures would be able to survive 

for the required 25-year warranty if temperature was the only factor. 

3.2.2 Secondary Testing after Exposure  

Shingles need to be able to not only survive the extreme temperature ranges throughout the 

Winnipeg seasons, but they must also be able to function even at the end of the 25-year warranty. 

To calculate data on whether extreme temperature changes would deteriorate the strength of the 

shingles, the secondary tensile and pull-through tear tests as outlined in Section 2.2.1 and 2.2.2 

were performed on a set of samples that had completed being exposed to the extreme temperature 

testing discussed in Section 3.1.1. Of the six samples discussed in the previous section, three of 
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A 33-inch-long metal arm swings from a height chosen by the operator, impacting the surface of 

the sample at the bottom. Based on the mass of the hammer and height at which the arm is being 

dropped, the impact force can be calculated, and any damage to the samples can be observed and 

recorded. To find the appropriate force to use for this test, several calculations were done to find 

the height in which to release the hammer.  

The volume of a hail sample can be calculated as follows using Equation (1). 

𝑉 =
4

3
𝜋𝑟3 (1) 

Where 𝑟 is the radius of the hail in cm and 𝑉  is the volume in cm3. Using a radius of 5 cm 

(Government of Canada, 2022), the volume of a hail is calculated to be 523.6 cm3. 

The mass of the hail can be calculated via the following Equation (2). 

𝑚 = 𝜌𝑉 (2) 

 

Figure 14. Impact testing apparatus 
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Where 𝜌 is the density in g/cm3 and 𝑉 is the volume of the hail, as calculated, in cm3. Using the 

density of ice of approximately 0.9168 g/cm3 (Wikimedia Foundation, 2024), the mass of a hail is 

calculated to be 0.480 kg.  

To find the force of the hail, the following Equation (3) was used. 

𝐹 = 𝑚𝑔 (3) 

Where 𝐹 is the force in Newtons, 𝑚 is the mass of the hail in kilograms, and 𝑔 is the acceleration 

due to gravity, which is known to be approximately 9.81 m/s2. Using a mass of 0.480 kg, and the 

acceleration due to gravity, a force of 4.71 N was calculated. Therefore, hail with a diameter of 10 

cm falling at terminal velocity, the force it would exert would be approximately 4.71 N. 

To find the height at which to drop the hammer from the impact testing apparatus, we must conduct 

further calculations. Firstly, we calculate the potential energy of the hammer due to its height, 

shown in Equation (4). 

𝑃. 𝐸. = 𝑚𝑔ℎ (4) 

Where 𝑃. 𝐸. is the potential energy in Joules, 𝑚 is the mass of the hail in kilograms, 𝑔 is the 

acceleration due to gravity, and ℎ is the height at which the hammer is to be dropped at, in meters. 

At the lowest point of the swing, the potential energy is converted into kinetic energy, shown in 

Equation (5). 

𝑚𝑔ℎ =
1

2
𝑚𝑣2 

(5) 

The velocity, 𝑣 in m/s, can be expressed in terms of the length of the arm of the hammer and the 

force since this is what determines how high the hammer swings. The velocity of a pendulum, 

Equation (6), may be used.  

𝑣 =  √2𝑔ℎ (6) 

Substituting this expression for velocity into Equation (5) allows us to solve for ℎ. This is shown 

in Equation (7) 
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surface with the standard roofing slope 4:12 ratio and pouring water on the shingle with a device 

that creates water droplets to mimic rain. Due to time constraints, the team was unable to complete 

this test, but recommends future teams to prioritize progress regarding this test.  

3.5 Extreme Wind 

Extreme Wind test will determine how the shingles perform under storm conditions. Since 

Manitoba is occasionally subjected to tornados, it is important to see how the shingles will 

withstand intense winds. This test involved placing a full-sized prototype shingle sample in a wind 

tunnel at the standard roofing slope 4:12 ratio. The sample is nailed at the specified slope and wind 

of a desired speed is blown across it, observing whether the shingle can survive without the head 

of the nail ripping through, and be rigid enough itself to survive the wind forces.  

3.6 UV Protection 

UV resistance test will determine the shingles ability to withstand the harsh conditions faced from 

the sun during the shingles expected lifetime. The sample should be subjected to conditions that 

mimic long-term exposure to the sun, including extreme heat, UV radiation, and infrared radiation. 

The team expected to perform a test for this requirement, but due to time constraints were unable 

to complete the test. The team also was unable to complete this test due to the weather conditions 

over the course of the project since the winter sun is not as harsh as the summer sun. To estimate 

the damage due to exposure over the course of the 25-year life expectancy, a test needs to be 

designed to accelerate the effects so the test can be done within the short time frame of the project. 

3.7 Recycled Material 

The verification of this constraint was satisfied during the mixture making process. The samples 

were made by calculating how many grams of additives should be combined with GTR to achieve 

specific percentages. Since the top three mixtures were made with 95% of their total mixture 

weight being recycled fine rubber aggregate, this satisfied the constraint of requiring at least 95% 

recycled material.  
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4. Limitations 

As the project progressed, the team encountered a variety of limitations in categories such as 

materials, prototypes, time, testing, and product design. Many of the limitations overlap into 

multiple categories. 

 A major limitation the team faced was the issues encountered with upscaling the material to a full-

scale sample. Due to the limitation of needing 95% recycled material, the team stuck rigidly within 

having 95% recycled rubber, which worked in a small sample, but did not perform well once 

upscaled. One factor that limited the team in testing larger samples earlier was the mold design 

completion and construction of the prototype mold. Decisions with the design changed frequently, 

and when the design was ready there were unforeseen delays with the machine shop. Had the team 

had access to a larger mold, earlier in the process, other material and recycled additive options 

could have been explored when the general formula didn’t work well scaled up. Due to the 

limitation on time, the team was unable to further test the performance of the full-scale sample the 

client recommended (sample 4), with the testing and verification performed on the other three 

samples. Therefore, there are no results on the performance of sample 4’s formula, or the effects 

of the higher HDPE content. The team also only had access to virgin HDPE, so it has not been 

tested if the recycled, non-virgin HDPE will perform as well.  

There were also some limitations with the manufacturing of the small test samples, the repurposed 

heat mold used took a significant amount of time to heat up, this slowed down the efficiency of the 

sample creating process. It took the team too long to realize that the test pieces could be removed 

while hot. Even with the mold remaining hot, the process involved to make the samples, the time 

consumption of removing the test pieces and refilling the mold, was a limiting factor for the team. 

Access to the hydraulic press was limited to working hours, and due to conflicting schedules of the 

team members it was often difficult to find available times to produce samples. 

Limitations were also seen while producing the prototype mold. As previously mentioned, the idea 

for the design of the mold changed frequently, it took until the 15th week of the project to settle on 

a design idea. The team hoped to do a stacking mold design, but due to time constraints and cost, 

it was decided that the stacking portion of the mold could be designed and constructed if the project 
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continues. The team attempted a textured design for the shingle to mimic slate, but unfortunately 

due to the file size, there was a limitation with the amount of computing power needed to work 

with a file with so many points and surfaces. If the textured design were to have been completed, 

it would likely have been too complex to be completed at the U of M Machine shop in the required 

time frame.  

The team was also limited in time available to do the verification and testing that was planned at 

the beginning of the project, so tests like the rain/weatherproof, UV, and hang tests ultimately had 

to be removed. Due to time as a limiting factor, the team was also unable to perform the wind 

resistance test, which the team had hoped to include in the report.  

Additionally, there are some limitations the design has as a viable product at its current state. This 

mainly has to do with the mass production of the shingles, the process as is, is very time consuming, 

weighing and mixing the dry materials, pouring and leveling the material in the prototype mold, as 

well as moving the mold to and from the hydraulic press and waiting for the press to heat up and 

cool down in between are all time-consuming steps that would be costly in mass production.  

Although the team faced challenging limitations throughout the project, there were many lessons 

learned during the process that will help progress this project. 
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and time consuming, and therefore might benefit from some process/production engineering to 

create a process that can be replicated for mass production. 

Overall, the project was a great learning opportunity for the team. The verification tests used and 

created would be a great addition for this project's next phase. In addition, the prototype mold will 

be useful when investigating if other additives and formulas will work when upscaled and can be 

easily adjusted to include the sought after textured slate design.   
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8. Appendix B: Workplan  
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10. Appendix D: Textural Design for Mold 

Before beginning the mold in AutoCAD a slate design was 3D scanned using the Polycam app 

(https://poly.cam/). The scan was then downloaded as a point cloud DXF file. Once the file was 

loaded to the computer, Meshlab software was used to clean up the scan and turn it from point 

cloud into mesh. A YouTube video was used to learn the process (Siusiulala 2013). Once in mesh 

form, the DXF file can be loaded into AutoCAD. The 3D model then needed to be stretched to the 

correct dimensions. This was done by cutting the model and pasting it as a block, so all the points 

were combined to one piece. The scale feature can then be used to stretch the axis individually. 

Once the right scale is formed the model can then be exploded back into its original form. The 

final clean ups of any of the edges should then be completed. Next, the CONVTOSURFACE 

function can be used for the entire model. This will create a surface of each of the individual mesh 

pieces. The UNION tool can then be used to combine all the individual surfaces. This was as far 

as the team could get before facing limitations. The attempted texture can be seen in Figure 18.  

 

Figure 18. Attempted texture for prototype mold in realistic view on AutoCAD. 

Once the 3D model and the bottom mold design are ready, the next steps regarding the texture for 

the bottom plate would include completing the union, extruding the face as a solid, and lastly 

adding two copies into the bottom of the mold and subtracting the solids from each other.  



   

 

 

 

j 

11. Appendix E: Full-Scale Sample Procedure  

1. Pre-heat the Wabash hydraulic press.  

a. From home menu select “machine set up”, then “manual mode” 

b. Set the temperature of all four platen to required temperature  

c. Set clamp force to required force  

d. Press “heat on” button (lights up when heating) 

2. Collect and mix the correct masses of each material.  

3. Spray mold release on all surfaces of the prototype mold the material will touch.  

4. Pour mixture into the bottom half of mold. 

5. Level out material. 

6. Place top half of mold in bottom and ensure correct fit. 

7. Insert mold into hydraulic press using heat resistant gloves or other PPE.  

8. Press “hydraulic pump enable” button.  

9. Press and hold both “clamp close” buttons until clamp force on screen reaches approximately 

2 tonnes below required clamp force.  

10. Start 10-minute timer once platen reach temperature.  

11. After 10 minutes, cool the press and mold to 20°C. 

a. From the machine set up menu select “cooling control”  

b. Press “water on”, then “air on”  

12. Once temperatures reach a level that can be handled (approximately 20 – 40°C), press “water 

off”.  

13. Press and hold “clamp open” button until the hydraulic press is fully open.  

14. Press “air off”. 

15. Remove mold from hydraulic press. 

16. Start pre-heat process from step 1 (if making another sample). 

17. Insert bolts into threaded holes to release the mold (as seen in Figure 19). 

18. Remove top half of mold.  

19. If needed use knife to cut around the edges of the sample, then remove full-scale test sample. 

20. Restart process from step 2 (if making another sample).  
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Figure 19. 3/8" - 16 thread bolts to release mold. 

 




