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Abstract
	This document contains conceptual designs for a low-cost, modular, heated sidewalk for The Office of Campus Sustainability that can efficiently melt snow as it falls and is safe to walk on even during a heavy snowstorm. The designs are based off of previous benchmarking and design criteria developed in previous project deliverables. The conceptual designs are analyzed and evaluated in order to decide what initial designs are going to be developed further as the project progresses.
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[bookmark: _Toc64718001]Introduction
The purpose of this document is to generate a conceptual design for each subsystem required for the development of our product of a modular heated sidewalk. This document will briefly cover some of the decisions that were reached in previous project deliverables as context for the designs and choices in this document. Each team member’s conceptual designs for the subsystems will be shown with a short description accompanying them. The subsystems will then be analyzed and organized in such a way that the benefits and drawbacks of the subsystems are easily identifiable. A design for the subsystems will then be chosen based on the individual designs generated, considering how it will fit into our eventual prototype and then final product.
[bookmark: _Toc64718002]Related Work
Based on the need’s identification done after the first client meeting, a problem statement was developed to encompass the needs that the product must fulfill. We need to design a low-cost, modular, heated sidewalk for The Office of Campus Sustainability that can efficiently melt snow as it falls and is safe to walk on even during a heavy snowstorm. 
[bookmark: _Toc64718003]Based on the design criteria and target specifications different power sources and materials were examined and benchmarked against each other. Here, different existing products were compared based on their performance while keeping in mind the practicality and price that this project is constrained to. The conceptual designs in this document will keep the preferred existing products in mind in order to keep efficiency and practicality at the forefront of the decision-making process.

[bookmark: _Toc64660861]Conceptual Designs

Conceptual Design One

Power:
[image: Map
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Figure 1 Power subsystem design by Bobby Lachambre
This design utilizes a ground fault circuit interrupter which is imperative as the modular sidewalk will be deployed outdoors. The GFCI will shut off the power to the wire when it senses an imbalance between outgoing and incoming current. This will ensure safety as power will be halted if the wire comes into contact with water. This is standard for electrical appliances used outdoors and the university buildings should already have this infrastructure in place. The wire in the design is a standard electrical/extension cord that has been manipulated so that the wires that carry the current are exposed so that it can connect with the rest of the circuit. The electrical cord should cost between $10 and $20.









Heating:
[image: Map
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Figure 2 Heating element subsystem design by Bobby Lachambre
This design uses carbon fiber tape, iron-on no-sew hem tape, and silver conductive wire glue. The idea of this design is that an exposed wire is attached to the carbon fiber tape using the conductive glue. The resistance in the carbon fiber should be enough to produce sufficient heat, but low enough that the electrical current will travel throughout the circuit. The hem tape will keep the carbon fiber attached to the mat. The carbon fiber should cost $6/ft, the glue should cost $12.30/mL, the hem tape should cost $7.53/30ft.
Mat:
[image: Map
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Figure 3 Mat subsystem design by Bobby Lachambre
This design has a mat made with rubber on the bottom and texturized polyester on the top. The polyester has a melting point of 220◦C, well over any temperature that it would be exposed to. The polyester is also textured for safety so that there is more traction for people that walk on it. The rubber has a melting point of 180◦C, also more than acceptable for this project. A 3ft x 4ft mat with these materials retails for $15.


Conceptual Design Two

Top Material : 
On the top, the surface is rough enough to walk on without risk of falling. The central heating system is covered by a material that can transfer heat well, and compactly distributes it uniformly. The space between the top surface and the heating system is tight to transfer energy efficiently. At the bottom, there is a grooves on the base to hold up the heated energy, which prevents energy diffuse to the ground.

[image: ] 
Figure 4 Top view of sidewalk by Yalin Tuo
In this conceptual design, the heated sidewalk is a square shape with 100 centimeters long side length, we can change the size to fit the road shape. Also, the top should be made of highly frictional material because we need to store it. The rough sidewalks surface also prevent people get falling.








Inside: 
[image: ]
Figure 5 Inside Design for Sidewalk by Yalin Tuo
The turning line is the pipes. The heated pipes are 2 centimeters in diameter. The space between turning pipes is 2.8 centimeters long, which means from the first turning point to the next is 9.6 centimeters long. And the gap between lines and the outer edge, both left and right, is 2 centimeters, which is the same value of space between the top surface and the centrally heated pipes. In fact, there are two joints to connect other modular sidewalks. The length and size can change based on the road shape. The joints can transfer the power to other segments. This heated system has no secondary or extra power to assist. As the pipes break, we must repair the system.

Gap
[image: ]
Figure 6 Sideview of the sidewalk by Yalin Tuo
The dark central part is the pipes, and the other part with shade is the bottom cover. We can see that there is a bottom to cover the sidewalk, the gap is 1 centimeter, and this wrap cover is 2 centimeters height 100 centimeters long. This heat protection below the pipes can keep the central energy, which boosts the efficiency of the heated system to melt snow. However, the wrap cover of heat protection will incur extra cost. Since the budget is limited, we might choose this efficient way in a different future design.


Conceptual Design Three
Power Cord Connectivity:
[image: ]
Figure 7 Power Cord Subsystem Design By Kris Keon
Each mat will have a plug with a male and female end. The mats will therefore be able to be plugged into one another in series. This will limit the number of power outlets and extension cords required to use the mats. The first mat will be plugged into any standard wall outlet. Then the electricity will travel through the heating coil of the first mat into the female ended cord. This cord will then be plugged into the cord of the second mat and the process repeats itself. Further research will have to be done to determine the load of each mat and therefore the number of mats that can be connected in series to one power outlet without exceeding the maximum load of the outlet.  



Connecting Tabs:
[image: A picture containing text, whiteboard
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Figure 8 Connecting Tabs Subsystem Design By Kris Keon
Each of the mats as well as having connecting power cords should also have connecting tabs. This way you are able to connect all of the mats on a sidewalk to make one uniform walkway. The tabs can be a T-shape. This will make them easy to assemble and disassemble but still making them very secure. Adding connecting tabs like this will ensure that all the sections remain together and that there are no gaps between sections making it safer for pedestrians and a lot more accessible for wheelchairs and strollers. 

Anti-Slip Textured Surface:
[image: A picture containing text, document
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Figure 9 Textured Surface Subsystem Design By Kris Keon
The mats will have an anti-slip textured surface. Walking on the sidewalk in the winter can be very hazardous as the water and ice can make things very slippery. The mats could be very wet as they are melting the ice and snow, so it is vital to make the surface as grippy as possible. For this the mat should have a textured surface that can both channel the water and provide traction.  
Conceptual Design Four

Power: 
[image: ]
Figure 10 The power system designed by Verina Tawadros.
This power system is designed to make all the elements (Mats) connected together to transfer the electricity to all the mats which contain male and female plugs. However, the wire itself is strong and it does not affect by snow, water, or temperature. At the last mat, the plug will be closed in order to not make it danger. The average electricity is 2.5 ampere.

System inside:
[image: ]
Figure 11 The system inside the Mat designed by Verina Tawadros.
The system inside it is designed to be electric system which produce heat to let the snow melt once it falls on this mat which will melt snow at a rate of 2" (5 cm) per hour, accounting for even the heaviest storms. Also, there are small holes that let the water from the melted snow evaporates right off the mat, as sometimes water on the surface in a cold temperature becomes ice which is more dangerous than snow.


Surface and Installation:
[image: ] 
Figure 12 The surface and installation designed by Verina Tawadros.
The surface is roughness to prevent slip that will make the walking on it more easier and safety. The modular heated sidewalk is consisting of several mats that connected by each other as it is shown in figure 12. There is not needed to install it; just fixed on the ground, stairs or any surface by pressure and it is easy to remove.
[bookmark: _Toc64718004]Benchmarking Designs
Upon doing some research an existing walkway heater was discovered. This product is made by HeatTrak® and is called Outdoor Snow & Ice Melting Heated Walkway Mat 1/2" Thick 2' x 5' 120 Volt Black [1]. This product is very similar to what group 13 is designing. The HeatTrak® heated walkway is a rollable mat that is spread out on a walkway or sidewalk and then plugged into the wall to power the electric coils in the mat in order to melt the snow. This is a good product but there are a few faults that will be improved in group 13’s design. These include allowing the mats to be plugged into one another in series, using a different heating element and making the mats connectable. 
Taking the ideas from each individual in the group, new designs for the sidewalk subsystems need to be designed. A subsystem for the power source and modularity of the sidewalk will be design such that it utilizes a GFCI to ensure safety. It will also use a “T” shape so that individual mats can be put together easily, and the electrical cords will have a male-female connection on the sides of each of the individual mats. The middle heating section of the sidewalk will be comprised of carbon tape with an electrical current running through it set up in a coiled design to maximize surface area covered. The carbon tape will be able to be connected to from both ends of the sidewalk. The mat top and bottom materials will be made of polyester and rubber respectively. The polyester will have a horizontal zigzag pattern to maximize friction and well as be able to allow water to roll off. The rubber will have grooves to increase friction against the concrete and lower contact area to minimize heat transfer to the ground.
[bookmark: _Toc64718005]







Decision Making
Chosen Subsystem Designs
Power and Modularity:
[image: Diagram, schematic
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Figure 13 Power and Modularity subsystem
This design utilizes a ground fault circuit interrupter which is imperative as the modular sidewalk will be deployed outdoors. The GFCI will shut off the power to the wire when it senses an imbalance between outgoing and incoming current. This will ensure safety as power will be halted if the wire comes into contact with water. This is standard for electrical appliances used outdoors and the university buildings should already have this infrastructure in place. The wire in the design is a standard electrical/extension cord that has been manipulated so that the wires that carry the current are exposed so that it can connect with the rest of the circuit. The electrical cord should cost between $10 and $20. The individual mats are fitted with “T” shapes in order to be able to connect easily to one another. The mats also connect with a male-female connection at the sides of each individual mat.







Heating and Middle Section:
[image: Diagram, schematic
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Figure 14 Heating and Middle Section Subsystem
This design uses carbon fiber tape, and silver conductive wire glue. The idea of this design is that an exposed wire is attached to the carbon fiber tape using the conductive glue. The resistance in the carbon fiber should be enough to produce sufficient heat, but low enough that the electrical current will travel throughout the circuit. The carbon fiber should cost $6/ft, the glue should cost $12.30/mL. The wires have the ability to connect to both ends of the tape. The subsystem is set up in a coil design so that surface area is maximized.













Mat Materials and Textures:
[image: Diagram, schematic
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Figure 15 Mat Materials and Textures Subsystem
[bookmark: _Toc64718006]This design has a mat made with rubber on the bottom and texturized polyester on the top. The polyester has a melting point of 220◦C, well over any temperature that it would be exposed to. The polyester is also textured for safety so that there is more traction for people that walk on it. The rubber has a melting point of 180◦C, also more than acceptable for this project. A 3ft x 4ft mat with these materials retails for $15. The top has a horizontal zigzag pattern in order to maximize friction as well as be able to send moisture to the sides, and off of the mat. The bottom has large horizontal grooves in order to maximize friction as well as minimize contact and heat transfer with the ground.
Conclusions and Recommendations
We will be moving forward with the designs as specified in the Decision Making section. The designs were made keeping in mind all of the concepts generated by each of the individual group members. The new designs move forward with the best aspects of each individual design and are optimized to be effective and realistic to produce.
It is recommended that research and tests are done continually to ensure that the current designs are still optimal for what the group can produce. We will continue to look for new developments in the industry and will generate new ideas in order to keep our designs on pace to compete.
[bookmark: _Toc64718007]Future Work
Further research must be done into the fabrics of the mat to ensure that we are making the most cost-effective mat that still solves the problem. In this same vein, research must be done on the heating element and how the resistance heating will work. This may require both theoretical and physical research and testing. We must also look into the effects that the modularity will have on the power of the sidewalk circuit and may need to test an actual prototype to be certain that the modularity is functional.


[bookmark: _Toc64718008]References
https://www.canadiantire.ca/en/pdp/concord-precut-rugs-3-ft-x-4-ft-0684097p.html#srp
https://www.amazon.ca/Thermoweb-Heatn-Iron-Adhesive-8-InchX10/dp/B000XZTSYQ?ref_=Oct_s9_apbd_orecs_hd_bw_b7FojCN&pf_rd_r=9708X5HVR8N9WC5W39M3&pf_rd_p=19845daf-7a5c-5b8b-9cbe-edcf4f973906&pf_rd_s=merchandised-search-10&pf_rd_t=BROWSE&pf_rd_i=6646665011
https://www.amazon.ca/pieces-Silver-Conductive-Electronics-Applications/dp/B00FEFTHK0
https://www.amazon.ca/Carbon-Heater-Tape-Length-Width/dp/B07N465RXQ
https://www.amazon.ca/AmazonBasics-Power-Cord-3-Black/dp/B072BYGKZW/ref=asc_df_B072BYGKZW/?tag=googleshopc0c-20&linkCode=df0&hvadid=335179868548&hvpos=&hvnetw=g&hvrand=12315825510576121794&hvpone=&hvptwo=&hvqmt=&hvdev=c&hvdvcmdl=&hvlocint=&hvlocphy=9000694&hvtargid=pla-438786239438&psc=1
https://heattrak.com/products/residential-heated-walkway-mat
https://www.warmup.ca/snow-melting-systems/heated-sidewalks
https://www.instructables.com/DIY-carbon-heated-blanket/
https://www.globalindustrial.ca/p/foodservice/mats-carpets/heated/outdoor-snow-ice-melting-heated-walkway-mat-2-x-5-120-volts?infoParam.campaignId=T9F&gclid=CjwKCAiAg8OBBhA8EiwAlKw3kiNUe9Xa_gvQ7cQsSaVFqKbJYXkT6fCq8O3HAWz0xAVZD8o4q6y34RoCVigQAvD_BwE 

image11.jpg




imagee.jpg
KH

2o

——1-§om

1] %60





image13.jpg




image10.jpg




image12.jpg
39 &
00 0000C0C00

ocoopo 0 0°°
00 000009





imaged.jpg
looom X [ooam




imagef.jpg




image6.jpeg




image7.jpeg




image11.jpeg
4
, e
W Z
7 < | AWv 2
~ N = ~
E I TR Fa 23
e Pl ER K \ =
¥ e . =
7
<
=
Ed =
ZEEE ] |5 [ = 3
Y] —F3
<L AE 2 =i
e
=3 .\W =Kkl
- S| 1] < E: ez BERR
&=
< 5 S 93 M M 13l 4
> o/ <p pig AAANA ~
; T e H J d A
8 < Ef s o Py
=T H i m =3 N} AN
A7 |





image12.jpeg
4 nd [ polad s
s \ an g odujal s
L——;"
.:,? s (AT Fibteh Shap
i | N dor L
18 LT :
| L \ A
1; A
‘", ARECHAY
'? fofe
t' HeaFida /A
L
: ey B ~Hape
\ |
- a
‘ VO
g | Ty 'y CpilRsd i@
i SRR
el
B a
ol’ 0
311
{IRISIRIS
I I3ISTSIQ
¢RI IRTSIS
FARARIRIR
\
OrtaiLy DIOON ()
orfzonka) RuWo 0"
Zjg-.ay Folytsiee





image1.jpg
...“mﬂ.n... <
T WEREgES W
T AT R RN L R e e
----.-“--...-“ .“. || A ARSt s L
, “.H- WDl LT TIRATIT el e
105 0 RV T G P e e B “ LT T T
P bk bRl Y e T “......-____-_i__'",num_‘nnh_ﬂ
.---.!.--.-...““ ““. .....-E“ D T B
P Sl PG TR ERNEEEEEE ez 22
THETEGRSHBNERL R RERRE S A e i
LT NAERTR T TR O 9 O e e ol
T O T P T T e e T L T e e T L
Ll P el PR TR T TS S AT e S S N
e e TN T T T T e S e
W e Y112 | B B W R = N R
e m oo | IR REE T TN RERGETE
M_-.j...!.:“-ll...-'vﬂm__ c T T T T T R
= ESTISENCRRRRSSP SRFIRER: |l GRRSETiaEE:
ﬂ.. . \\\k M 94 P
....M-._...!....ﬂ__-murn"hunﬂ‘l“.....!n.mﬁ_wmn-“ .““.%I-_“““ &
B e A A L . T R A ey
e e e T T TR T LT s ) 1
| .....—.m............-—-lﬂ.............. B e MEEI
LotmE s NN

= ERESEEn e -
ST VI Tl KOO TR O IR UL R B e L A S BESE RS S50 (e |

llllllllllllllmmnnn- =il





