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ABSTRACT 

Islam, Radwan, Initial Investigation of Using the Waste Rubber Tires as A New 

Sustainable Material for Electric Conductive Rigid Pavement. Master of Science (MS), July, 

2023, 81 pp., 8 tables, 42 figures, references, 139 titles. 

The accumulation of snow on roadways poses deadly risks and financial damage. 

Traditional de-icing methods are environmentally harmful, structurally damaging, and 

unsustainable. They are also labor-intensive and dangerous in crowded areas. Heated pavement 

systems (HPS) like hydronic and electrically conductive concrete (ECON) have gained popularity, 

but their high cost and reliance on carbon fiber and carbon black contribute to raw material 

depletion. This research presents a sustainable alternative for de-icing snow on pavements. It 

utilizes waste rubber tires (WRT) as a heating source by passing current through embedded steel 

wires. The method involves distributing WRT pieces along the pavement to melt snow. It offers a 

more sustainable, environmentally friendly, and cost-effective solution than other alternatives. By 

leveraging WRT's heating properties, this approach mitigates snow accumulation efficiently while 

addressing the concerns of resource depletion and environmental impact. 
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CHAPTER I 

INTRODUCTION 

Since ancient times, developments in transportation infrastructure have facilitated rapid 

urbanization; consequently, transportation safety has been a top priority. The climate conditions, 

such as rain, ice, or snow, have a considerable influence on the frequency of accidents. This 

chapter's aim is to introduce the study, identify the problem explain the objectives of the research, 

and outline the thesis's content. 

1.1 General Overview 

 It is important to keep roads clear of snow and ice in colder regions because it can lead to 

infrastructure decomposition, concrete pavement degradation, as well as negative environmental 

impacts due to the use of traditional deicing methods such as spraying chemicals on the pavement 

surface and using large snow removal machines like plows and shovels. Traditional techniques 

have a few drawbacks, including ineffectiveness in removing snow at low temperatures, negative 

environmental impact due of probable pollution of surrounding water bodies, and higher labor 

expenses. Recently, Heated Pavement System (HPS) has been offered as an alternative to 

traditional snow melting methods. It includes two main methods, the first is the Hydronic Heating 

Pavement System (HHPS), The second type is the Electric Heated Pavement System (EHPS). 

Although paving materials have a wide range of non-structural features to consider, the usage of 
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electrical and thermal properties of paving materials has the greatest potential for providing long-

term solutions to pavement systems. Over the previous few decades, several research on this issue 

have been published. 

1.2 Problem and Objectives 

Although most earlier studies focused primarily on the efficiency of melting snow electrically or 

through heat, other considerations, such as the cost, environmental impact, or societal impact of 

the approach used, were not considered. in other word, most of the studies did not consider the 

sustainability of the method. This study is being conducted to fill the gaps that may exist and to 

suggest a new method of construction that is both environmentally friendly and economical for 

melting snow. As the number of vehicles increases, huge quantities of waste tires are generated 

every year, and the waste-tire-disposal has been a serious ecological concern in metropolitan 

regions worldwide. Thus, using waste rubber tires (WRT) in the construction industry, particularly 

in pavement systems, Consequently, the occupied landfills where a large quantity of waste rubber 

tires (WRT) is typically kept would be reduced. Additionally, lowering the storing time for these 

tires in landfills since waste tires commonly generate "black pollution" due to their inability to 

biodegrade and posing a harm to the environment. The goal of this research is to examine the 

feasibility of a new construction technique for melting snow off pavement. This research takes a 

different method by substituting waste rubber tires (WRT) for the raw materials such as carbon 

black and carbon fiber that are used in ECON systems to alter the concrete layer properties and 

adjust the electrical conductivity properties of the concrete to create heat to melt the snow in the 

previous studies. To be more precise, this study work is based on the idea of utilizing the mesh of 

steel wires embedded in rubber tires as an electrical and heat conducting element to create enough 

heat to melt the snow. 
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The goals of this study: 

1- Solving the problem of the snow accumulation on rigid roads such as highways, bridges,

and airport runways.

2- Minimize the consumption of the raw materials by using WRT as a renewable and

sustainable material, since a large amount of WRT is generated every year.

3- Establish new uses of WRT by opening new paths of utilizing the WRT in Civil and

construction industry.

1.3 Conceptualization 

This research was inspired by the invisible thermally conductive paint used to defrost and 

defog laminated car windshield glass. This study used a similar concept, which resulted in the 

creation of an innovative methodology for deicing pavements utilizing electrically conductive 

stripes. This approach is considered as a more sustainable construction option for safely and 

securely removing ice and snow from the pavement due to its low cost, little pavement damage, 

and environmental friendliness. 

Figure 1:The conception of construction method of an electrically conductive pavement. 
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1.4 Methodology 

Figure 2 shows the steps involved in this methodology until the desired model is achieved and then 

the results are observed. 

Figure 2: The methodology of this study 

1.5 Thesis Organization 

This thesis consists of five parts with the following contents: 

Section 1 provides an overview of the subject of research. This section describes the research's 

problems and aims. 

Section 2 provides a detailed review of the relevant literature of studies concentrating on various 

snow removal techniques. 
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Section 3 describes the model creation of the waste rubber tire and the processes used to apply the 

WRT into concrete specimens. This section also describes the material of the wire used as a bridge 

to help in passing the electricity into the rubber. 

 Section 4 is divided into three parts: the first describes the initial experiments conducted on the 

waste rubber tires until a good heat distribution was achieved; the second describes the 

experiments conducted on the concrete after the rubber was embedded in the concrete; and the 

third describes the snow melting experiment. 

 Section 5 summarizes the study's findings and issues, as well as the future research that must be 

conducted. 
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CHAPTER II 

LITERATURE REVIEW 

According to statistics, 10% to 15% of all accidents on the road are directly related to road 

conditions and weather. This percentage alone accounts for thousands of human injuries and 

fatalities as well as millions of dollars' worth of property damage every year. Ice accumulation on 

paved surfaces is not just an issue for cars; ice accumulation on sidewalks is responsible for several 

personal injuries due to slipping and falling[1]. Winter maintenance includes a variety of 

techniques to remove ice from pavements, including plowing, natural melting, traffic movement, 

and chemical treatment. Chemicals and fine aggregates serve as the primary deicing and anti-icing 

agents for most winter maintenance procedures for highways. Although sodium chloride is 

considered the most cost-effective material, the use of chloride can lead to corrosion of steel 

reinforcement, erosion of pavement and environmental pollution[2]. Simultaneously, mechanical 

equipment might result in outside damage and increased maintenance expenses [3]. These 

techniques are time-consuming, labor-intensive, and harmful to the environment [4], [5] since de-

icing chemicals damage soil, surface runoff, and groundwater, therefore impacting the whole 

ecological system. It is predicted that by 2050, 50 percent of the world's arable land would be 

salinized, directly impacting the global food supply [6]. De-icing not only impacts the ecology, 

but also accelerates the pace of corrosion in infrastructure that is already aging [7]. Several 
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 innovative techniques for improving the removal of ice and snow from surfaces have been 

developed in replacement of these conventional methods. Numerous research efforts have been

committed to creating cleaner and more sustainable methods for properly removing ice and snow 

from pavements, motivated by the economic, safety, and environmental implications of deicing 

chemicals. The use of superhydrophobic coatings on pavement surfaces [8]–[11] the incorporation 

of the electrically heated sheet/grille elements into the pavement [12], [13] and the application of 

heated pavement systems (HPS) [14]–[19] are some solutions developed for this purpose.  

Researchers have been exploring more sustainable waste management and 

recycling methods. Recycling and reuse are the most effective waste management techniques. 

The pavement sector is a bright spot, since various types of waste are recycled into a 

variety of pavement applications, including rigid pavement, asphalt concrete, and bitumen. 

Several studies have been conducted to investigate the use of tire rubber in pavements. 

This chapter includes a comprehensive review of thermal snow melting technologies and a 

summary of the outcomes from several research studies that aimed to melt snow from 

pavement using various techniques. In addition, the benefits of various tire rubber applications 

in pavement from a sustainable approach. 

1.6 Review on Heated Pavement Systems 

1.6.1 Hydronic Heating Pavement Systems HHPS 

The hydronic method works by heating water to melt ice and snow, heated fluid is 

circulated through pipes buried in pavement structures. The cooled fluid is heated each time it 

passes through the heat source[20]. Geothermal waters, boilers, and heat exchangers are all 

examples of heat sources. In areas where geothermal potential is high, geothermal water is thought 

to be highly effective[21]. One of the drawbacks of hydronic systems is that they are complex to 
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create, require a large investment in terms of installation costs, and are difficult to repair if a fluid 

leak occurs[21]. HHPS was established in 1948 at the Klamath Falls Bridge, which is situated in 

Oregon, and it is still in use today[21]. For this project, the fluid was heated using geothermal 

well and sent through a heat exchanger to warm the bridge deck surfaces, melting ice and snow 

and improving skid resistance, hence reducing the number of car crashes. Recently, HHPS was 

erected on the aprons of the Greater Binghamton Airport in Binghamton. See Figure 3 utilizing 

geothermal wells as a heat source. The total area of the project was 3,200 ft2 (297 m2) at a cost of 

$ 1,600,000[22]. 

Figure 3: HHPS using geothermal source [22]. 



Gardermoen International Airport developed HHPS by using Aquifer Thermal Energy Storage 

(ATES) to heat and cool the aircraft parking space, which is 7,450 ft2 (700 m2) [23]. Additionally, 

the system was supported by an electric and oil-fired boiler to assist in raising the design load of 

248 W/m2, since the ATES was unable to fulfill the intended load. As shown in Figure 4, the 

components of HHPS include heat transfer fluid, pipework, a fluid heater, pumps, and controllers 

[24]. By circulating hot fluid through pipes installed in concrete buildings, HHPS melts ice and 

snow. Each cycle, the cooled fluid is reheated by a heat source. Propylene glycol is a frequently 

used heat transfer fluid due to its inexpensive cost, high specific heat, and low viscosity[20]. 

1.6.2 Electrically Heated Pavement System (EHPS) 

1.6.2.1 Heating using Electric Heating Cables. Using electricity as a source of 

heat to melt the snow is another technique of construction. Heating using Electric Heating Cables 

was an efficient method that significantly aided in mitigating the problem. Electric heating cables 

were placed on the approach to a highway drawbridge in Newark, New Jersey, in 1961, for snow 

removal and ice control [25].Figure 3 depicts the bridge approach highway in Newark, New Jersey, 

in 1961, with electric cables. 

9 

Figure 4: Detail of HHPS [24] 
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Figure 5: Electric cables in the bridge approach roadway, Newark, New Jersey 1961 [25] 

The cables were put in two lanes of the bridge approach highway, which is 256 meters (840 feet) 

in length. The installation process consisted of four steps[26]: 1) placing a layer of coarse 

aggregate, 2) laying the heating cables, 3) manually spreading a 13 mm coat of sand-mix asphalt, 

and 4) paving machine laying a 38 mm final course. The installation cost around $54 per m2 ($5.0 

per ft2). This price excludes transformers and service facilities. 378 and 430 W/m2 (35 and 40 

W/ft2) of electricity were needed for the bridge and land fill regions, respectively. This amount of 

energy generated enough heat to melt 25 mm (1 in.) of snow each hour[26]. This project was 

eventually abandoned since the electric cables were torn out of the asphaltic concrete overlay by 

passing cars[26].  

1.6.2.2 Electric conductive concrete pavement. (ECON). Among deicing 

techniques, electrically conductive pavement may be regarded as the most effective way for 

removing snow off roads, since it is a strategy that is inexpensive, efficient, ecologically friendly, 

and sustainable[27] . This is a specialized type of heated pavement system [4], [11], [19], [28] with 

a top concrete layer produced by adding electrically conductive material, such as carbon fibers 

[29]–[31] and steel shavings [26] into the concrete mixture [32] These systems not only improve 
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the accessibility of transportation infrastructure, but also eliminate the need for enormous amounts 

of chemicals and vehicles powered by fossil fuels to remove snow and ice. 

1.6.2.2.1 Components of electrically conductive concrete. The ECON system 

consists of an ECON layer (heating element), power supply, electrodes, electrical wiring, control 

system, polyvinyl chloride (PVC) conduit and temperature sensors to alert when the weather 

temperature drops to snow degree. All the preceding elements are the main components of the 

ECON HPS technology[20], [33]–[35]. The technology can be used as an overlay on top of a 

previous pavement system in good condition, or as the upper layer of a two-ladder paving system 

for new construction. Because it is essential to heat only the surface of the pavement where snow 

and ice accumulate, two-lift paving may be utilized to decrease construction material costs by 

lowering the ECON layer thickness[20], [33]. 

1.6.2.2.2 The working concept of electrically conductive concrete. Emerging 

material technology utilizes electrically conductive concrete for deicing. Conventional concrete 

does not carry electricity. The electric resistivity of normal-weight concrete varies from 6 to 11 

KΩ m [36]. There are two ways that concrete may conduct electricity[16], [27] : electronically and 

electrolytically. Electronic conduction involves the movement of free electrons in a conducting 

media, while Electrolytic conduction includes the motion of ions in pore solution. In fresh concrete 

and during hydration, the movement of ions conducts electricity. In contrast, only free electrons 

may conduct electricity in hardened concrete with limited available moisture. Metals or other 

conductive fibers and particles must be included into the concrete matrix to provide a stable and 

sufficiently high electrical conductivity. 
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Table 1: Properties of Conductive Concrete with Steel Fibers and Shavings [16]. 

To conduct analysis on the properties of conductive concrete, we need to know the conductivity 

or resistivity of the materials. To determine the conductivity of concrete, it is necessary to 

comprehend the following properties: conductivity or resistance, distance, and the area of 

conductive concrete [27]. According to Equation 1's first Ohm law: 

R= 
V

I
[37] 

Electrical resistivity was derived from the second Ohm's equation in Equation 2: 

ρ = 
RA

L
 [2] 

Electrical conductivity is the reciprocal of the electrical resistivity, as indicated in       Equation 3: 

σ =  
1

ρ
 [32]
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R = 
L

σ A
 [38]

Where I represents the measured current, V represents the voltage, L represents the internal 

distance, A represents the conductive area, R represents the resistance, ρ represents the electrical 

resistivity, and σ represents the electrical conductivity. Joule's law is the combination of the rules

governing the creation of heat and power by electricity. In addition, this rule, often known as the 

Joule effect, is stated as the heat produced by the passage of current through conductive materials. 

Where H is the heat production, I is the continuous current flow, R is the material resistance, and 

t is the period. 

H = I2Rt [39].

1.6.2.2.3 Existing electric conductive concrete pavement development. Thermal 

deicing has been the technology of choice for effective and eco-friendly snow melting solutions 

since the turn of the twentieth century. Which method uses heat from geothermal, solar, hydro and 

electric heat sources to melt snow and ice. Traditional deicing strategies have been given special 

consideration due to their effectiveness, eco-friendliness, safety and practicality. A relatively 

recent discovery in construction materials, electrically conductive concrete, is gaining widespread 

attention as a deicing technology. It is combined with dielectric aggregates, water, binders, and 

conductive elements to produce hybrid conductive materials [27]. Previous research investigations 

and studies on electrically conductive concrete pavement are summarized in Table 2. 
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Table 2: A summary of the studies conducted on electrically conductive concrete. 

Research Team Purpose Ref. 

Christopher Y. Tuan 

The first implementation in the world of using 

electrically conductive concrete for deicing in 

the heated deck of Roca Spur Bridge. 

[16] 

Malakooti et al. 

This research aimed to show the full-scale 

deployment of 10 ECON HPS slabs in the 

parking lot of the Iowa Department of 

Transportation headquarters in Ames, Iowa. 

[33] 

Hesham Abdualla 

Determine the material selection, construction, 

and operating performance requirements for an 

ECON-based HPS. 

[20] 

Sassani et al. 

This paper details the first use of an electrically 

conductive concrete (ECON) in a U.S. airport, 

including the mix design, manufacture, 

installation, and assessment of performance. 

[34] 

Lai Y, Liu Y, and 

Ma D 

To minimize the detrimental effects of snow-

melting chemicals on the construction, 

operation, environment, and safety of airports, 

a technique of melting snow using carbon fiber 

grille embedded in airport pavement is given in 

this research. 

[35] 

Wu J, Liu J, and 

Yang F 

Testing three types of electrically conductive 

concrete composites using Carbon fiber, steel 

fiber, and steel fiber-graphite, and the elements 

that effect conductivity are investigated. 

[2] 

Chang et al. 

In this project, an anti-ice concrete slab was 

constructed by supplying a conductive concrete 

pavement overlay with direct current energy 

from a solar energy system. 

[13] 

Hou Z, Li Z. and 

Wang J 

Two strategies for increasing the electrical 

conductivity of carbon fiber electrically 

conductive concrete were addressed. 

[40]
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Yehia and Tuan 

A conductive concrete overlay is cast on the top 

of a bridge deck in this application for deicing 

or anti-icing. 

[1] 

Wu et al. 

This study's primary objective is to examine the 

electrical and thermal characteristics of 

conductive concrete with varying graphite 

concentrations, specimen size, and applied 

voltages. 

[41] 

Rao et al. 

This paper presents an experimental analysis of 

the thermal characteristics of an electric heating 

concrete containing steel fiber and graphite that 

is utilized for snow melting outside and inside 

radiant heating. 

[42] 

Shishegaran et al. 

By adding steel wire rope and steel powder 

wastes into the concrete mix, this study seeks to 

do two things: (a) increase the conductivity and 

mechanical characteristics of conductive 

concrete; and (b) address environmental 

concerns related to recycling and reusing these 

materials. 

[43] 

1.6.3 Electrically Conductive Coating 

To create a suitable electrically conductive composite, enough conductive materials and 

binders are required; as conductive materials, several carbonaceous materials, such as carbon 

nanofibers [44]], [45]], graphene [46], and carbon black [81], graphite powder [27] have been 

utilized in previous studies. 

1.6.3.1 Electrically Conductive Coating components. The binders Conductive 

fillers must distribute uniformly during blending with binders to provide sufficient conductive 

channels inside the composite. This synthesis required a suitable binder and the ability to adhere 

well to substrates. Several types of polymers can be utilized as a binder in composites; for example, 

epoxy resin has been utilized as a binder and applied to different substrates, including Portland 

Table 2, cont.
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cement concrete (PCC) surface [5] and asphalt concrete pavement surface [8], [10]. Polyurethane 

(PU) polymer has attracted increased interest as a coating material in recent years due to its 

improved substrate adhesion. Waterborne polyurethane (WPU) has surpassed solvent-based 

polyurethanes in popularity due to its low toxicity, which favorably influences surface coating 

applications. In addition, WPU has exceptional characteristics, including flexibility, abrasion 

resistance, plasticity, and broad substrate application [47]–[49]. WPU has been used as adhesives 

and coatings on a variety of substrates, including plastics, leather, textiles, paper, rubber, and wood 

[50], [51]. Polyvinylidene fluoride, also known as PVDF, has been used as a binder in the process 

of forming superhydrophobic coatings on substrates [45], [52], and [53]. Despite its low strength 

and poor adhesion. The conductive materials to improve the thermal stability, mechanical 

toughness, and electrical conductivity of polyurethane-based compounds, various conductive 

fillers, such as glass fiber, carbon nanotube, carbon fiber, carbon black, and graphite, among 

others, were directly inserted into the polyurethane material, either on their own or in combination 

with one another. Graphite (GP) is considered to be less expensive than other fillers and to have 

shown exceptional conductivity and hardness [27]. Graphite powder (GP) with micrometer-sized 

particles may enhance network microstructure channels, hence facilitating the efficient passage of 

current through the composite. The composite containing WPU, and varying amounts of GP 

displayed superior electrical and thermal properties [27]. 

1.7 Review of recycling rubber tires and its uses in civil engineering industry 

The expansion of modern cities has a significant influence on the environment in terms of 

the depletion of natural resources for the manufacture of engineering building materials and the 

rise in the generation of garbage destined for landfills. As waste tires are disposed of in landfills, 

illegally dumped, or stockpiled, they contribute to a variety of environmental problems [54], [55] 
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The direct disposal of discarded tires in landfills or stockpiles is no longer a viable option. Tire 

stockpiling generates several health, environmental, and economic problems through air, water, 

and soil pollution [56] and disease breeding environments [55]–[58] In addition, tires are made of 

incompressible, non-biodegradable materials, therefore their degradation process is exceedingly 

slow [59], [60] Globally, the disposal of used tires is a significant environmental issue [61]. 

Approximately one billion tires worldwide reach the end of their service life yearly, half of which 

are disposed to landfill [58]. Every year, nearly 1.5 billion tires are manufactured 

globally.  Estimates indicate that by 2030, 1.2 billion tires will be discarded yearly [58]. There are 

now fifty-one million equivalent passenger tire units in stock in Australia are accumulated yearly. 

Only 5% of used tires are recycled into new products like scrap tires, tire chips, or tire derived 

aggregates (TDA) [62]. Tire burning was a common early method of disposal. In terms of effort 

and cost, this was the best option [58]. Nevertheless, this choice has significant drawbacks for the 

environment and human health as well as creates fire hazards. Once tire inventory fires begin, they 

are difficult to put out because each empty area around each tire extends the life of the combustion 

process by providing abundant oxygen, creating a flammable environment [58]. The combustion 

process also results in the uncontrolled release of potentially hazardous chemicals, including 

polyaromatic hydrocarbons, carbon monoxide, Sulphur dioxide, nitrogen dioxide, hydrogen 

chloride, butadiene, and various styrene and benzene compounds [56], [58]. The residue from the 

fire and the oil produced by the combustion of the tires contaminates the land and surrounding 

surface and ground waterways. In addition, uncontrolled fire dangers in tire stockpiles are a 

significant risk that should be considered, especially for tire stockpiles located near urban and 

residential areas. The recent tire stock fire in Melbourne, Australia, demonstrates the potential risk 

of toxic gases that could affect adjacent communities and waterways [63] . Another technique for 
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disposing of used tires is to use tires as fuel for energy production [55], [64]. However, this method 

is not economically viable because of the higher cost of processing carbon black from tires and its 

poorer quality than petroleum products [58]. As the earth's natural resources are finite, the 

increasing demand for traditional quarry materials in pavement construction is one of the primary 

reasons why these materials have become exceedingly rare and expensive to extract. In addition, 

over half of all global building and demolition waste consists of demolition concrete wastes [63], 

[65], [66]. As the earth's natural resources are finite, the increasing demand for traditional quarry 

materials in pavement construction is one of the primary reasons why these materials have become 

very scarce and expensive to extract. In addition, more than half of the construction and demolition 

waste worldwide is demolition concrete waste [63], [65], [66]. 
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Figure 6: an enormous number of tires are fired. 

Figure 7: a substantial number of tires are stored in landfills. 

1.7.1 Rubber tires components 

The tires are made of a flexible elastomeric rubber material with a textile and metallic 

structural reinforcement. The rubber composition of a tire ranges between 46–48%, carbon black 

between 25–28%, steel inserts between 10–12%, oil and vulcanizing agents between 10–12%, and 

synthetic yarn and textile inserts between 3–6%. Although tires contain potentially useful 



20 

components such as carbon black, organic oils, and steel, it is exceedingly difficult to extract these 

elements in a cost-effective manner. 

1.7.2 Methods and procedures for recovering rubber waste. 

Two main problems arise: the accumulation of substantial amounts of rubber tires waste 

and the generation of environmental pollution. Worn tire holes can expand rapidly, creating not 

only land use problems, but also environmental hazards as (dumps) spontaneously combust, 

resulting in long-term fires. Two solutions to these issues would be waste recycling and reuse, as 

well as waste material recovery. 

 The advantages of applying these two solutions can be: 

• By temporarily storing used tires, the danger of contamination is reduced.

• Increasing the utilization rate of the used tires.

• Decreasing the use of raw materials, particularly those derived from nonrenewable

sources, by using used tires as secondary raw materials.

• Repair and refurbish used rubber products to the same quality as the original.

• Reuse for other rubber products Recycling as the reintroduction of material into

regenerated elastomeric compounds or rubber powder.

• Reuse as a source of different starting materials, such as carbon black or pyrolysis oil, as a

fuel to generate thermal energy for the manufacture of cement or steel.

• Reuse as a material modifier, especially in road construction.
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Figure 8: Tire derived materials 

Figure 9:  Tire processing 

1.7.3 Previous studies on using rubber in civil engineering industry 

There are different concerns regarding the introduction of rubber into pavement, whether 

concrete (rigid pavement) or asphalt (flexible pavement). It is difficult to produce a homogeneous 

mixture with a homogeneous rubber dispersion. This review investigates these issues in detail and 

provides a detailed look at how rubber is used in different civil, construction and pavements 
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applications. Previous research investigations and studies on using rubber in civil engineering 

applications are summarized in Table 3. 

Table 3: A summary of the studies conducted using rubber in civil engineering industry. 

Research Team Purpose Ref. 

Bulei et al. 

The study discusses product components resulting 

from the crushing of old tires (powders) that can be 

used in the field of rubber-containing street furniture 

or building materials. 

[67] 

Arulrajah et al. 

In this study, an experimental investigation is 

conducted to understand the compression behavior 

of concrete by substituting natural aggregates with 

recycled tire rubber in varying amounts, ranging 

from 10% to 50% by volume. 

[68] 

Girskas and Nagrockiene˙. 

The study conducted several experiments to evaluate 

the compressive strength, water absorption, and 

ultrasonic pulse velocity of specimens made of 

concrete modified with rubber crumb. 

[69] 

Li et al. 

This review discusses and analyzes the significant 

achievements of crumb rubber concrete (CRC) in the 

last 5 years, including its fresh concrete qualities, 

mechanical properties, durability, and other features. 

[70] 

Thomas and Chandra 

Gupta 

This study summarizes the findings of an 

experimental investigation into the applicability of 

recycled tire rubber as a partial replacement for 

natural fine aggregate in high strength cement 

concrete. 

[71] 

Guo et al. 

This research intends to enhance the performance of 

rubber concrete by applying various surface 

treatment and coating techniques. Specifically, two 

surface preparation procedures (NaOH and Silane 

Coupling Agent) and three coating techniques 

(coated with standard cement, blended cement with 

silica fume, and blended cement with sodium 

silicate) were used to increase rubber-cement 

bonding. 

[72]
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Iman Mohammadi 

This study established a link between the strength of 

rubberized concrete and three essential parameters, 

including the water-cement ratio (WC), the age of 

the concrete, and the rubber content, based on a 

significant number of experiments. Using this 

relationship, concrete makers may accurately predict 

the strength of rubberized concrete. 

[73] 

Hossain et al. 

This study evaluates the feasibility of using large 

rubber blocks from crushed tires as aggregates in 

cold mixes in road construction. The purpose of the 

study was to produce block rubberized asphalt 

concrete mixtures for small-scale road construction 

using local aggregates, crushed tire rubber blocks 

and cationic emulsions. 

[74] 

Mohammed et al. 

This study provides a review of the most current 

investigations on the fresh and hardened 

characteristics of rubber-crete. In addition, 

rubbercrete construction components and products 

have been emphasized. Additionally, the potential 

applications of rubbercrete have been considered. 

[75]

Table 3, cont. 



CHAPTER III 

RUBBER PREPARATION INTRODUCTION 

The use of waste rubber tires on pavement has numerous benefits. First and foremost, 

it helps to reduce waste in landfills and the environment. Additionally, rubber tire waste provides 

an alternative to traditional materials used in pavement such as asphalt and concrete, leading 

to a more sustainable solution. The rubber also provides improved traction and durability 

to the pavement, resulting in safer road conditions and reducing the need for maintenance. 

Furthermore, the use of rubber tire waste in pavement helps to create jobs and stimulate 

local economies. Overall, using waste rubber tires in pavement is a smart, 

environmentally friendly, and economically viable solution for our roads. 

In this chapter, a comprehensive explanation of the methodology used to introduce a new 

approach to sustainable construction, focused on creating electrically conductive pavements, is 

provided. The methodology starts with an overview of the system and its objectives, 

followed by a description of the system components and the steps taken to assemble it. The 

components include recycled rubber from tires, highly conductive wires for electrical circuit 

design, and rigid concrete pavement samples. The criteria for component selection are also 

discussed.
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1.8 Heated pavement system description 

Heated pavement systems can be created by adding conductive materials to the pavement 

surface, such as carbon fibers, metal wires, or other conductive elements. These materials are 

embedded into the pavement surface during construction and connected to a power source. When 

electricity is supplied to the pavement, the conductive materials generate heat, which melts snow 

and ice and prevents their accumulation. This method is particularly useful in areas with heavy 

snowfall or icy conditions, as it can improve safety and reduce the need for traditional de-icing 

methods. Heated pavement systems are also more environmentally friendly than salt or chemical 

de-icing agents, which can have negative effects on surrounding ecosystems. While the upfront 

cost of installing a heated pavement system can be high, it can provide long-term cost savings by 

reducing the need for maintenance and repairs associated with winter weather damage. 

Figure 10: Schematic illustration of the electrically conductive rigid pavement system [76]. 
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1.9 Rigid pavement overview 

Rigid pavement is a type of pavement that is made up of a concrete slab that is constructed 

in a series of layers. The layers of a rigid pavement include the subgrade, which is the natural or 

prepared surface on which the concrete slab is placed, followed by the sub-base layer, which is a 

layer of granular material that is placed on top of the subgrade to provide a stable base for the 

concrete slab. The next layer is the base course, which is made up of high-quality concrete or 

stabilized soil and provides additional support for the concrete slab. Finally, the concrete slab is 

placed on top of the base course, forming the top layer of the rigid pavement. The concrete slab is 

designed to withstand heavy traffic loads and to distribute the load evenly across the pavement 

surface, resulting in a long-lasting and durable pavement structure. 

Figure 11: Typical Rigid Pavement Structure 



1.10 Sustainability in heated pavement systems with using the waste of the rubber tires 

Sustainability in construction is becoming increasingly important, and one area where 

sustainable practices can be implemented is in the installation of heated pavement systems. Heated 

pavement systems are used in areas that experience snow and ice accumulation, such as driveways, 

walkways, and parking lots, to reduce the need for manual snow removal and the use of de-icing 

chemicals. However, these systems can consume a lot of energy and have a significant 

environmental impact. To make them more sustainable, several measures can be taken, such as 

using renewable energy sources like solar or geothermal energy to power the system, using energy-

efficient equipment and controls, and designing the system to only operate when necessary, such 

as when the temperature drops below a certain level or when precipitation is detected. Additionally, 

materials used in the construction of the pavement, such as the concrete and insulation, can be 

chosen to be environmentally friendly and have low embodied energy. Implementing these 

sustainable practices in the installation of heated pavement systems can help to reduce the 

environmental impact and promote sustainability in the construction industry. Using the waste of 

rubber tires in the heated pavement system is a sustainable point of view that can significantly 

reduce the environmental impact of the system. Rubber tires are a significant waste product, and 

they take a long time to decompose, causing environmental problems. However, using recycled 

rubber in the heated pavement system can help to reduce the amount of waste tires in landfills and 

minimize the environmental impact of the system. Recycled rubber can be used in various ways 

in the pavement system, such as adding it to the concrete mix or using it as insulation. Rubber is 

an excellent insulator and adding it to the pavement system can help to improve its thermal 

efficiency and reduce energy consumption. Additionally, rubberized pavement is more durable 
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and has better skid resistance than traditional pavement, reducing the need for repairs and 

enhancing safety. Overall, incorporating waste rubber into the heated pavement system is a 

sustainable point of view that can help to reduce waste, save energy, and promote environmental 

sustainability. 

1.11 Research conceptualization 

This research was inspired by the invisible thermally conductive paint used to defrost and 

defog laminated car windshield glass. This study used a similar concept, which resulted in the 

creation of an innovative methodology for deicing pavements utilizing electrically conductive 

stripes. This approach is considered as a more sustainable construction option for safely and 

securely removing ice and snow from the pavement due to its low cost, little pavement damage, 

and environmental friendliness. 

Figure 12: : The conception of a new method for electrically conductive pavement. 



1.12 Pavement design 

The American Concrete Institute (ACI) provides guidelines for the design and construction 

of concrete pavements, including rigid pavements . The mix design of the concrete is crucial in 

determining its strength and durability. The mix contains the right proportions of cement, 

aggregates, water, and any admixtures, in order to achieve the desired strength and workability. 

The concrete should be placed and finished according to industry best practices, taking into 

account factors such as concrete temperature, slump, and air content. The surface of the concrete 

should be properly finished to ensure that it is smooth and free of defects that could lead to 

premature pavement failure. Proper curing is critical to the strength and durability of the pavement. 

The pavement should be cured in accordance with industry standards, using methods such as wet 

curing or curing compounds to ensure that the concrete develops the required strength and 

durability over time. 

1.13 System description 

The rubber tires contain between 10 and 12 % of steel wires manufactured from high-

carbon steel, which is a highly electrically conductive material. The aim of this study is to address 

the gap in earlier research on melting snow, which only focused on efficiency but neglected aspects 

such as cost, environmental impact, and sustainability. The study aims to suggest a new, 

environmentally friendly, and economical method for melting snow. The method is based on the 

use of waste rubber tires (WRT) instead of traditional materials like carbon black and carbon fiber. 

This approach would reduce the waste of tires generated every year and lower the time they are 

stored in landfills, mitigating their environmental harm. The study will examine the feasibility of 

using a mesh of steel wires embedded in WRT as an electrical and heat conducting element to 
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create enough heat to melt snow on pavements, highways, bridges, and airport runways. The goals 

of the study are to solve the problem of snow accumulation, minimize the consumption of raw 

materials by using a sustainable source, and find new uses for WRT in the construction industry. 

As shown in figure 9 the system’s concept was inspired by the utilization of the valuable steel wire 

mesh embedded into rubber tires. This study’s approach is divided into three stages. The first 

stage: is to utilize the steel wire mesh embedded in the rubber as an electrically conductive material 

since an electric circuit is designed into it, so that, when the electric circuit is connected to a power 

source, heat can be produced as a result of electricity passing through the steel wire mesh 

embedded in the rubber, and the rubber sample will function as a heat source. The second stage: 

is to bury the rubber sample (the heat source) inside the concrete (the rigid pavement) at equal 

intervals of distance. The third stage: is testing the capability of the combined sample (rubber 

sample and concrete) for melting the ice.  

Figure 12 provides a comprehensive explanation of the concept, along with a detailed breakdown 

of the steps involved. Figure 13 illustrates a simulated version of the concept in a real-world 

context, offering a visual representation of how it would appear in practice. 
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Figure 13: Simulation of the methodology and the main procedures of the study’s approach. 

Figure 14: Simulation of the methodology of the study’s approach in rigid pavement. 



1.14 The first stage (rubber samples preparation) 

This phase is titled "preparation of rubber samples," is comprised of four primary stages, 

which are as follows: 1) cutting the rubber to the desired size, 2) creating an electrical circuit and 

selecting materials, and 3) Classifying the rubber samples. 4) assessing the electrical 

conductivity and temperature increase of the rubber samples through testing. 

1.14.1 Cutting the rubber to the desired size 

To begin preparing for the experiments, a request was made to a tire shop for a used tire 

as indicated in figure 10a, then the tire was sent a steel wielding shop to be processed into eight 

equal parts to enable the subsequent procedure of slicing it into rectangles figure 14b, 14c. 

The eight sections were then brushed and cleaned, before being marked with the 

appropriate required dimensions as shown in figure 14d. Each piece of the eight pieces were 

cut into two types of dimensions, the first one is (5 cm width, 17.5 length), and the second type 

is (10 cm width, 17.5 length) as shown in figure 14d, 14e. It is important to note that only the 

tread area of the tire was marked since it contains most of the steel wire mesh while the sides do 

not.  
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Figure 15:The main preparation steps for experimentation. 



1.14.2 Creating an electrical circuit and selecting materials 

1.14.2.1 Steel cords under the tread of the tire. The steel cords in a tire are 

typically made from high-tensile steel wire, which is a type of low-carbon steel that has been 

specially processed to increase its strength. High-tensile steel wire has a high strength-to-weight 

ratio and is able to withstand the stresses and strains of driving on the road, making it an ideal 

material for use in tire cords. The steel cords are typically made from multiple strands of 

high-tensile steel wire that are twisted together to form a cable-like structure as shown in figure 

4a. The steel wire is then coated with zinc to prevent corrosion and improve adhesion to the 

surrounding rubber. The electrical conductivity of zinc-coated low-carbon steel can vary 

depending on the specific composition of the steel and the thickness and quality of the zinc 

coating. However, in general, the electrical conductivity of zinc-coated low-carbon steel is 

typically slightly lower than that of uncoated low-carbon steel. The electrical conductivity of 

low-carbon steel can range from about 6.99 × 10^6 S/m (Siemens per meter) for annealed low-

carbon steel to about 2.07 × 10^6 S/m for cold-worked low-carbon steel. The presence of a zinc 

coating on the low-carbon steel can slightly reduce its electrical conductivity, but the exact 

reduction can vary depending on factors such as the thickness and quality of the zinc coating. In 

summary, while the electrical conductivity of zinc-coated low-carbon steel may be slightly lower 

than that of uncoated low-carbon steel, it is still a good conductor of electricity and can be used 

in various electrical applications. 

1.14.2.2 Designing the electric circuit. To design an electric circuit within rubber 

samples, two types of conductors were utilized as shown in Figure 15: bare copper wire and 

galvanized steel wire. Copper wire is a good conductor of electricity with a high electrical 

conductivity of approximately 100% IACS. It also has low electrical resistance, allowing for 
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efficient transmission of electrical energy. However, despite copper's high thermal conductivity it 

is still an expensive material, therefore, galvanized steel wire is also utilized in electrical circuit 

design due to its affordability and lower thermal conductivity and higher electrical resistance 

compared to bare copper wire. 

Table 4: Prosperities of the two types of conductors (copper and galvanized steel) 

Material Electrical Resistivity 
Melting 

point 
Density 

Heat 

conductivity 

Copper 
Approximately 100% IACS 

(International Annealed Copper 

Standard) 

1084°C 

(1981°F). 

8.96 

g/cm3. 
401 W/mK. 

Galvanized 

steel 

Typically, around 10-40% IACS 

(International Annealed Copper 

Standard) 

1539°C 

(2798°F). 

7.8 

g/cm3. 

50 to 60 

W/mK. 

Figure 16: a) galvanized steel wire. b) copper wire, used for designing the electrical circuit. 

1.14.3 Classifying the rubber samples 

After the used tire was cut into the specified size as previously stated, the rectangular pieces 

were divided into two categories in preparation for the next experiments. The first category is the 

"Exposed sample" where the top layer of rubber was completely removed to access the steel wire 
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mesh beneath. The second category is the "Grooved sample" where parallel grooves were created 

to reach the wire mesh without removing the entire top layer of rubber, which is a more efficient 

and time-saving approach as it eliminates the need for removing the entire top layer. Figure 16 

shows the differences between the exposed sample and the grooved sample.  

Figure 17: a) Exposed rubber sample. b) Grooved rubber sample. 

1.14.3.1 Exposed samples. It was required to expose and remove the top 

rubber layer of the sample, as shown in figure 17, in order to accurately observe the heat 

distribution across the rubber sample. As can be seen in figure 17a, a mechanical instrument 

known as a vise was first utilized to firmly hold the sample, after which a saw was used to cut 
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the sample precisely and slowly in order to detach the top layer of the rubber. The hammer driller 

tool shown in figure 20e was used to remove and clean the steel wire mesh after it was cut by the 

saw. Following that, the resistance for each steel wire in the mesh was measured using a 

multimeter to ensure that all the wires are electrically conductive and that there are no flaws in 

any of these wires, as shown in figure 13b, and it measured 0.8 Ω.  

Figure 18: Exposing the rubber sample. 

1.14.3.2 Grooved samples. It was determined that creating only longitudinal 

grooves within the rubber samples to reach the underlying steel wire mesh would be a more 

feasible and practical option, instead of completely removing the top layer of rubber. This would 

save time and prove to be more economical. The width of the grooves is roughly 0.5 cm. The 

design of the grooves was based on the appearance of the electric circuits within the rubber sample, 

with multiple shapes and designs being explored to ensure a balanced distribution of heat on both 
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the top and back of the rubber sample. It worth noting that, The focus of this study was not to 

achieve the most ideal design for the electric circuit in the rubber sample, but rather to attain a 

balanced heat distribution on both the front and back sides of the rubber sample. Figure 18 shows 

different samples of the rectangular rubber samples after being grooved and the steel wire mesh 

was completelty exposed and cleaned from all the rubber layer on top of it.  
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Figure 19: Rubber samples with longitudinal grooves. 
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1.14.3.3 Steps of making the grooves. Figure 19a and 19b demonstrate the rubber 

sample being securely held in place by a mechanical device known as a vise attached to a boring 

machine. To create the grooves, a specific metal pin was utilized, as shown in figure 19c. The pin 

was moved carefully and gradually to reach the steel wire mesh within the rubber, taking care not 

to cause any damage to the mesh during the drilling process. Once the grooves were made, the 

hammer drill shown in figure 19d was used to fully remove the rubber layer from the steel wire 

mesh and ensure a smooth flow of current through the electric circuit without any defects or harm 

to the steel wire mesh. 

Figure 20: making Rubber samples with longitudinal grooves. 



1.14.4 Electrical conductivity and temperature increase of the rubber samples. 

1.14.4.1 Initial experimentation for the exposed sample. A thin rubber layer 

remained on some of the exposed steel wires, requiring the removal and cleaning of each steel 

wire using the hammer drill tool seen in figure 14e to ensure that they were all totally exposed. 

After ensuring that the sample was thoroughly exposed, it should be ready for heat 

observation experiments. Using the bared copper wire seen in figure 20f, an electrical circuit was 

created and put on top of the exposed sample. The copper wire was put in two parallel lines in 

order to force the electricity to flow through the inclined steel wire mesh, and then metal 

pins were utilized regularly along the copper wire to establish a strong connection between the 

two metals the copper and the steel, as seen in figure 21a. The indicated numbers 1,2,3, and 4 

reflect the spots where the power supply (shown in figure 20c) should be connected to the 

circuit. The two points 2 and 4 were selected to be connected to the power supply and to close 

the circuit. The sample was then connected to the power supply seen in figure 21a, the 

experiment lasted for 10 minutes, and it was monitored by the stopwatch depicted in figure 20a, 

since this is a preliminary experiment and a proof of concept. The red dots shown in figure 21 

reflect the locations where the temperature degrees were measured using the Infrared 

thermometer seen in Figure 20d. 
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Figure 21: The measurement system and tools. 

Figure 22: Testing the increase in temperature. 
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1.14.4.2 Experimental results and observations. The rubber sample’s back side 

and the front side where the electric circuit was created are shown in Figure 21. One of the most 

crucial factors in this study is making sure that a sufficient excellent heat distribution is 

accomplished on both sides of the rubber sides. The rubber sample was split into three stripes with 

3 points on each strip. These red points represent the places where temperatures were measured 

using the infrared thermometer depicted. It’s important to note that in order to provide a fair 

comparison, the points’ positions were flipped when the back side was measured. One of the most 

important factors, as previously indicated, is establishing a sufficient, good heat distribution on both 

sides of the rubber sides. As a result, temperatures were measured at the same locations on both 

sides. The test was conducted on each side for 10 minutes. Since the study places a strong emphasis 

on sustainability in all aspects of its methodology, particularly the economic aspects, one of its 

limitations is the amount of power it uses. Therefore, supplying 6 volts (Vs) was sufficient to 

produce the outcomes shown in table (5). A drop in the supplied volt was seen due to the internal 

resistance of the AC power supply, and it is donated with (Vd) as illustrated in table (5). The top, 

middle, and bottom strips each had three temperature readings for both sides the front side and the 

back side in Celsius table 5. Averages for each strip were obtained as shown in table (6) for better 

graphical representation. The electrical circuit's resistance was measured to be 0.8 Ω. Also, the 

room temperature, which was 22 °C as given in Table 5, was measured to illustrate the increase in 

temperature between the sample and the surrounding environment. 
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Table 5. The temperature readings of each strip for 10 minutes. 

Front / 

Back 

Measurments 

Top °C Middle °C Bottom °C 
R 

(Ω) 

Vs 

(v) 

Vd 

(v) 

Troom 

°C 

Duration 

(min) 

F 68 55 63 82 56 37 30 29 26 
0.8 6 2.5 22 10 

B 29 58 55 27 44 56 25 26 31 

.  

Table 6. The temperature’s averages of the three strips top, middle, and bottom. 

Average Top °C Average Middle °C Average Bottom °C 

Front 62 58.3 28.3 

Back 47.3 43.3 27.3 

T(room) 22 22 22 

As seen in figure 22, the graph reveals that the temperatures of the three strips on both sides 

rise as time passes at a constant supply voltage of 6 volts in comparison with the room temperature 

which is 21 °C.  After 10 minutes, the three top spots' average temperature was 62 °C on the front 

side, whereas the average temperature on the back side was 47.3 °C. It's important to note that 

whether at the front or the back, the top part averages were the highest. Since it might be claimed 

that the back side had a better heat distribution than the front side, the top average and the middle 

average were quite near to each other. In comparison to the top and middle areas, the average for 

the bottom, whether for the front or the back, was the lowest. Overall, as time goes on, all three 

strips top, middle, and bottom—both on the front and back, exceeded the room temperature of 22 

°C. 



Figure 23: Initial observation for temperatures of an exposed rubber sample. 

 1.14.4.3 Initial experimentation for Two different grooved samples. The angle of 

the steel wire mesh inside a tire can vary depending on the specific design and intended use of the 

tire. However, in general, the steel wire mesh inside a tire is usually oriented at an angle of about 

20-35 degrees from the vertical axis of the tire. This is known as the "bias angle" or "ply angle" of 

the tire, and it helps to provide strength and stability to the tire's structure. It's worth noting that 

some specialized tires, such as racing tires or heavy-duty off-road tires, may have different ply 

angles or use different materials for reinforcement. Additionally, the specific design and 

construction of a tire can have a significant impact on its performance and durability, so it's 

important to choose a tire that is well-suited to the intended application.  Given the angle of the 

steel wire mesh in the tire, an L-shaped electrical circuit was constructed as depicted in figure 23. 

This figure shows that the electrical circuit consists of two metal pieces (made of either copper or 

galvanized steel) arranged in the shape of the letter L. This arrangement ensures that the flow of 

electricity is directed through the steel wire mesh exclusively. It is important to note that the 

grooves were created to match the shape of the electrical circuit, and the metal wires (either copper 
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or galvanized steel) were then placed into these grooves, as illustrated in Figure 19. The success 

of the electric circuit, whether using copper or galvanized steel wires, largely depends on 

establishing a reliable connection between the metal wires and the steel wire mesh inside the rubber 

tire. This presented a significant challenge during the construction process, which is why metal 

pins were used to secure and ensure good contact between the wires and the steel mesh inside the 

tire. As depicted in Figure 23, once the electric circuits were constructed for both samples, they 

were ready to be tested for temperature increases by connecting them to an AC-power supply. Both 

the front and back sides of each sample were tested, with the aim of generating a satisfactory 

amount of heat and ensuring even distribution along both sides. To accomplish this goal, both sides 

of both samples were tested. The colored circles visible on each sample correspond to the precise 

locations where temperature readings were taken using an infrared thermometer. It is apparent that 

the colored circles on both samples are arranged into five horizontal lines or stripes, with each line 

containing five colored circles. The top strip has only one line of colored circles, while the middle 

strip has three lines, which is the highest number of colored circles on any of the strips. The bottom 

strip also has one line of colored circles. Importantly, each of the three parts (top, middle, and 

bottom) is colored differently, making them easily distinguishable from one another. Additionally, 

the same locations on the back side of both samples were marked to enable comparison with the 

corresponding points on the front side. The two samples underwent two rounds of testing. The first 

phase was an initial experiment that lasted only 10 minutes, during which the samples were 

connected to the power supply and the temperature increase was monitored. This increase was then 

compared to the ambient room temperature. In the second phase, the two samples were tested for 

a continuous period of 60 minutes while connected to the power supply. This test was intended to 
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measure the maximum temperature that could be reached at a fixed voltage after one hour and to 

identify the limitations of the samples. 

Figure 24: Testing two rubber samples using copper wire and galvanized steel wire. 



1.14.4.4 Initial testing for 10 minutes. Prior to linking the samples to the power 

source, it was essential to gauge the circuit's resistance for both samples, which was found to be 

0.8 Ω. After this step, the experiment was initiated by attaching each sample to an AC power 

supply, and a voltage of 6 volts (Vs) was supplied. It should be emphasized that a voltage drop 

(Vd) was observed due to the power supply's internal resistance, which was measured at 2.54 V. 

A stopwatch was employed to monitor the duration of 10 minutes.  After a duration of 10 

minutes, the temperature levels were noted based on the colored circles, as explained earlier. It is 

noteworthy that the middle section had the highest count of colored circles. The temperature 

readings for the top, middle, and bottom sections of both samples were recorded for both copper 

wire and galvanized steel wire on both front and back sides. Table 7 and Table 8 present these 

temperature values. Additionally, the average temperatures for the top, middle, and bottom 

sections were calculated to facilitate better graphical representation, which is displayed in Figure 

24 and Figure 25. From Figure 24 and Figure 25, it is evident that the average temperatures 

achieved using copper wire are marginally greater than those obtained with galvanized steel wire. 

This indicates that copper reaches higher temperature levels faster than galvanized steel due to its 

superior thermal conductivity. Notably, both materials exhibited a significant increase in 

temperature from the initial room temperature of 22.7 degrees Celsius, despite being supplied with 

a low voltage of only 6 volts. 
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Table 7. Temperature testing of grooved rubber sample with copper. 

Front/Back 
Measurements 

Top Middle Bottom 

F 

24.7 24.9 28.6 38.4 48 25.5 26.6 32.6 52 44.9 24.5 30.7 32.5 26 25.3 

28.2 34.4 50.3 32.9 31.6 

32.1 69.6 44.1 27.7 27.5 

B 

24.5 24.8 25.7 31 37.3 24.7 25.3 32 41.6 36.9 34.1 36.4 26.9 27.2 25.2 

28.5 27.2 39.1 33.7 31.5 

29.7 40.3 29 27 27.4 

Average Top Average middle Average bottom 

 Front 32.9 37.3 27.8 

Back 28.7 31.6 30.0 

T(Room) 22.7 22.7 22.7 

Figure 25:  Temperature testing of a grooved rubber sample using the copper wire. 
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Table 8. Temperature testing of grooved rubber sample with galvanized steel. 

Front/Back 

Measurements 

TOP Middle Bottom 

F 

25 24.1 29 32 45 26.7 30 34 45 32 23 23.1 21.4 21.5 22.5 

38.4 46.7 40.2 37.5 28.5 

51 50.5 42.6 29 25 

B 

23.7 23.3 24.5 31.8 30.9 27 26 28 32.5 33 22.8 23 24.3 22.6 22.5 

31.5 33.7 29.3 25.1 24.7 

30.8 32.5 28 24 24.4 

Average Top Average Middle Average bottom 

 Front 31.0 37.1 22.3 

Back 26.8 28.7 23.0 

T(Room) 22.7 22.7 22.7 

Figure 26: temperatures testing of a grooved rubber sample using the galvanized steel. 
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1.14.4.5 Testing the two samples for a continuous 60 minutes. L-shape electric 

circuit (Copper wire) The graphs presented in figures 26 and 27 depict the temperature increase 

of a grooved rubber sample, with an L-shaped design, connected to an electric circuit made 

of copper wire (as shown in figure 23a). The experiment lasted for an hour, during which the 

sample was continuously supplied with a low voltage of 2 volts from an AC power supply. The 

reference point for the experiment was the room temperature, which was measured to be 

22.7 degrees Celsius. The temperature readings for the top, middle, and bottom strips of the 

rubber sample gradually increased above the room temperature for both the front and back sides. 

The middle strip had the largest area of the rubber sample, as indicated by the highest number 

of colored circles, and therefore required precise observation. After an hour of the 

experiment, the average temperature of the middle strip reached 46.3 degrees Celsius for the 

front side and 38.9 degrees Celsius for the back side. The overall temperature of the sample 

was almost double that of the room temperature.  

Figure 27: Observation for temperatures of the front side using copper wire for 60 minutes. 

5 10 15 20 25 30 35 40 45 50 55 60

Average top 29.6 32.9 35.5 34.8 33.9 39.1 39.8 41.1 39.9 40.6 41.6 41.9

Average middle 32.9 37.3 40.1 41.3 42.3 42.9 43.8 43.5 44.3 45.0 45.8 46.3

Average bottom 24.0 27.8 29.5 29.4 32.1 32.2 33.6 34.6 35.3 34.3 33.6 34.4

T(Room) 22.7 22.7 22.7 22.7 22.7 22.7 22.7 22.7 22.7 22.7 22.7 22.7
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Figure 27: Observation for temperatures of the back side using copper wire for 60 minutes. 

L-shape electric circuit (Galvanized steel wire). Figures 28 and 29 display the 

temperature elevation of a grooved rubber sample with an L-shaped design, connected to an 

electric circuit constructed with galvanized steel wire (as demonstrated in figure 6c). The 

experiment ran for an hour, and throughout that time, the sample was consistently supplied with a 

low voltage of 2 volts from an AC power supply. The reference point for the experiment was the 

room temperature, which was determined to be 21 degrees Celsius. The temperature readings for 

the top, middle, and bottom strips of the rubber sample gradually increased above the room 

temperature for both the front and back sides. The middle strip had the most extensive area of the 

rubber sample, as shown by the greatest number of colored circles, and consequently necessitated 

accurate observation. After one hour of the experiment, the average temperature of the middle 

strip reached 45 degrees Celsius for the front side and 37.1 degrees Celsius for the back side. 

The temperature of the sample as a whole was almost twice that of the room temperature. 
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Figure 28: Observation for temperatures of the front side using galvanized steel wire for 60 

minutes. 

Figure 29: Observation for temperatures of the back side using galvanized steel wire for 60 

minutes. 

U-shape electric circuit. Figure 30 presents another electric circuit design in the shape of 

the letter "U". Figures 31 and 32 demonstrate a notable increase in temperature for both the front 

and back sides of the rubber sample. The averages of the temperature readings for the top, 

middle, and bottom strips surpassed 60 degrees Celsius after a continuous one-hour connection to 
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an AC power supply at the same voltage of 2 volts. It is apparent that this circuit design showed 

a significant difference in temperature rise compared to the L-shaped designs. Consequently, 

this design was selected for use in the second phase, which involved embedding the rubber 

sample into the concrete. 

Figure 30: Testing the rise in temperature for each rubber sample for both side the front and the 

back side. 

Figure 31: Front side (Galvanized steel - U design) 
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Figure 32: Back side (Galvanized steel - U design) 

1.15 Observations for using a closed U-shape electric circuit 

As previously stated, a crucial aspect is to ensure proper heat and temperature increase on 

both sides of the rubber sample. The outcomes for the U-design shape were obtained under the 

condition that the galvanized steel wire (forming the electric circuit) was connected. The rationale 

behind closing the electric circuit is based on the proven fact that the resistivity of galvanized steel 

is greater than that of the steel wire mesh embedded within the rubber tire. In accordance with the 

equation R = (ρ * L) / A, where R denotes the resistance, ρ (rho) signifies the resistivity, L 

represents the length of the conductor, and A denotes the cross-sectional area of the conductor, all 

these parameters were calculated and measured for the identical length of galvanized steel and the 

steel wire mesh utilized in the rubber sample. The tire-steel wire exhibited a resistance (R) of 1.2 

ohms, with the length (L) of the conductor measured at 0.0762 meters. The diameter (D) of the 

conductor was determined to be 1.44 * 10^-4 meters, resulting in a cross-sectional area (A) of 1.62 

* 10^-8 square meters as shown in figure 33. The resistance (R) for the galvanized steel was 

determined to be 1.1 ohms, while the length (L) measured 0.0762 meters. The diameter (D) of the 

conductor was determined to be 0.00107 meters, leading to a cross-sectional area (A) of 8.99 * 
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10^-7 square meters as shown in figure 34. Therefore, the electrical resistivity (ρ) for the tire-steel 

wire is calculated to be 2.55 * 10^-7, while the galvanized steel wire exhibits an electrical 

resistivity of 129.7 * 10^-7. Which means the electrical resistivity value for galvanized steel wire, 

which is 129.7 * 10^-7, is larger than the electrical resistivity value for the tire-steel wire, which 

is 2.55 * 10^-7. Undoubtedly, the disparity in electrical resistivity between the galvanized steel 

wire (measuring 129.7 * 10^-7) and the tire-steel wire (measuring 2.55 * 10^-7) will have a 

significant impact on the flow of current and subsequent heat distribution. 

Figure 33. calculating the electric resistivity for one string of the steel wire mesh of the tire. 
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Figure 34. calculating the electric resistivity for the galvanized steel. 

Considering this information, the electric circuit was intentionally closed, as depicted in 

Figure 35. The figure illustrates two distinct scenarios or assumptions regarding the path of current 

flow when the circuit is closed and when it is open. It can be demonstrated that, when the circuit 

is closed, the current has the ability to traverse through a majority of the wires spanning across the 

rubber sample. In contrast, with an open circuit, the current is limited to passing only through the 

nearest tire-steel wire located at the beginning of the circuit. 
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Figure 35. Special cases for current flo



CHAPTER IV 

MODEL DEVELOPMENT INTRODUCTION 

The primary aim of the study was to create a construction technique that is more 

environmentally friendly and can address the issue of snow accumulation on Rigid pavements. 

To replicate the conditions of snowy weather and rigid pavement, two samples made of a 

combination of conductive concrete and rubber were produced using ACI guidelines. The 

effectiveness of both samples in melting snow was evaluated through testing. 

This chapter focuses on an effort to tackle the problem of snow accumulation on rigid 

pavements by utilizing waste from rubber tires. It begins by providing a clear explanation of the 

combined concrete-rubber samples and the research concept. It then proceeds to model 

the problem by examining the temperature increase in both samples and their ability to melt 

snow. 

1.16 Model description 

The concrete samples were not prepared until it was ensured that the rubber samples were 

able to generate adequate heat, which is depicted in Figure 34. As per the ACI 318 specifications 

and criteria, two concrete samples were produced. While the concrete was still wet, the rubber 

samples were embedded in it. Sample 1 had dimensions of 20 cm in width and 30 cm in length, 

with the rubber sample being buried in the center. On the other hand, Sample 2 had dimensions 
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of 20 cm in width and 40 cm in length, with two rubber samples being buried at equal intervals 

of 5 cm from the edge and 10 cm in the center. 

Figure 36: Simulation for the two combined concrete-rubber samples with dimensions. 

Figure 37: Two combined concrete-rubber samples. 
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1.16.1 Second stage: (Concrete-rubber samples testing) 

The two concrete samples were prepared for testing using a similar method of marking 

them with colored circles. The temperature rise was observed across the entire surface of the 

concrete, assuming that this side would face the vehicles, while the rubber-faced side was placed 

facing downwards. Both samples had a LED light bulb attached to the circuits, serving as an 

indicator of the current flow. The top strip had blue circles, the middle strip had orange circles, 

and the bottom strip had green circles. These colored circles indicated the exact locations where 

the temperature was measured using an infrared thermometer, as previously mentioned. 

Figure 38: Testing the rise in temperature for two concrete-rubber samples after. 
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1.17  Experimentation results 

1.17.1 Combined Concrete-rubber Sample 1 

The second phase of the experiment involved observing the temperature rise across the 

entire surface of the concrete. As previously mentioned, the rubber sample designed in the shape 

of a U was chosen to be embedded into the concrete samples after ensuring that a high amount of 

heat was obtained and evenly distributed. Once the rubber sample was embedded, the concrete 

was flipped over, and only the side facing the vehicles was tested. Similar to the previous phase, 

colored circles were used to mark the top, middle, and bottom strips with blue, orange, and green 

circles, respectively. After one hour of activating the circuit and supplying with 6v, it can be 

observed that the top, middle, and bottom strips reached temperatures of 40, 38, and 36 degrees 

Celsius, respectively. Overall, a sufficient amount of heat was generated, and the distribution of 

heat across the concrete sample was satisfactory, all achieved by using only one rubber sample. 

Figure 39: Combined concrete and rubber (using one rubber sample). 
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Figure 40: experimentation of the combined concrete-rubber (sample 1) 

1.17.1.2 Combined Concrete-rubber Sample 2 

For the second sample of combined concrete and rubber, two rubber samples designed in 

the shape of a U were embedded into the concrete sample. Sample 2 had a width that was 10 cm 

larger than Sample 1. The same marking method was used to observe the temperature rise. 

However, due to the larger size of the sample, it was necessary to increase the voltage to 15 volts 

to see how much the temperature would increase. After an hour of testing, it can be observed that 

the top, middle, and bottom strips reached temperatures of 43, 49, and 52 degrees Celsius, 

respectively, in comparison to the measured room temperature of 22.4 degrees Celsius. Overall, 

the use of two rubber samples in the U shape design showed a significant increase in temperature 

over an hour in concrete sample 2. 
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Figure 41: Combined concrete and rubber (using two rubber samples). 

Figure 42: experimentation of the combined concrete and rubber (Sample 2). 
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1.18 Third stage: (Experimentation for melting the accumulated snow) 

1.18.1 Combined Concrete-rubber Sample 1  

The primary objective of this research is to evaluate the effectiveness of combined concrete 

and rubber samples in melting snow when it accumulates on a rigid pavement. Figure 22 depicts 

the experimental system components, which include two concrete samples. The front concrete 

sample, called sample 1, has previously undergone testing with a single rubber sample, and its 

temperature was recorded. Sample 1 is directly connected to the power supply, and it was supplied 

by 6v, and a LED light bulb serves as an indicator of the electric current flow. The back concrete 

sample serves as a control and is not connected to any electricity, allowing for the observation of 

snow melting by room temperature and electricity. The same number of ice cubes was placed on 

both concrete samples, and images were captured at different intervals to determine which sample 

melted the cubes more quickly. After 30 minutes, the ice cubes on sample 1 were almost 

completely melted, while the control sample retained its thickness and size. After an hour, the ice 

cubes on sample 1 had completely melted, whereas the control sample remained wet, with some 

ice cubes still retaining their size and thickness. 
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Figure 43: experimentation for concrete sample 1 to melt the snow (Ice cubes). 

1.18.2 Combined Concrete-rubber Sample 2 

Concrete sample 2, which features a U-shape design of two rubber samples, was also 

subject to testing. In order to accurately replicate real snow conditions, crushed ice cubes were 

spread on top of both the controlling sample (at the back) and concrete sample 2 in the front, as 

depicted in figure 23. Given that sample 2 was larger and had more resistance due to the two rubber 

samples, it was supplied with 15 volts of power. Similar to sample 1, a LED light bulb was attached 

to the circuit to indicate the efficiency and flow of the electric current. Images were taken at 

different time intervals to display the effects of temperature on melting the crushed ice. As shown 
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in figure 24, the crushed ice on top of concrete sample 2 gradually disappeared, ultimately melting 

completely after 40 minutes, while the controlling sample retained the ice cubes. 

Figure 44: experimentation for concrete sample 2 to melt the snow (crushed Ice). 



68 

Figure 45: Observing the impact of the rise of temperature on melting the crushed Ice at 

different intervals. 



Table 9: Important parameters for the rubber and concrete samples 

Sample Face Mean 
Standard 

deviation 
Volt Resistance Current Power 

Grooved L-shape 

Galvanized steel 

Front 37.3 C 11.8 6 v 0.8 Ω 7.5 A 
45 W 

Back 32 C 6.6 6 v 0.8 Ω 7.5 A 

Grooved L-shape Copper 
Front 39 C 13.4 6 v 0.7 Ω 8.6 A 

51 W 
Back 35 C 7.7 6 v 0.7 Ω 8.6 A 

Grooved U-shape 

Galvanized  

Front 82 C 24.5 6 v 0.8 Ω 7.5 A 45 W 

Back 73 C 23.8 6 v 0.8 Ω 7.5 A 45 W 

Combined Concrete 1 
Concrete 

face 
34 C 11 6 v 0.8 Ω 7.5 A 45 W 

Combined Concrete 2 
Concrete 

face 
39 C 11.2 15 v 0.8 Ω 18.75 A 281 W 

From the comparison, it can be observed that the temperatures for the samples vary significantly. 

(Grooved U-shape Galvanized) has considerably higher mean temperatures compared to (Grooved 

L-shape Galvanized steel) and (Grooved L-shape Copper), indicating higher heat levels in that 

configuration. From this comparison, several differences can be observed between Combined 

Concrete 1 and Combined Concrete 2. Combined Concrete 2 has a higher mean temperature, 

higher voltage, significantly higher current, and much higher power compared to Combined 

Concrete 1. These differences indicate that Combined Concrete 2 experienced higher thermal 

conditions and electrical loads compared to Combined Concrete 1. 

1.19 Sources of variation in heat 

The distribution of heat on the rubber tire piece and its impact on the concrete surface can 

be influenced by a multitude of factors. One critical factor to consider is the degree to which the 

steel wire mesh is exposed from within the rubber layer. When the tire is cut into rectangular 

pieces, it is essential to examine whether any flaws or damages have occurred that could disrupt 

the continuity of the wire mesh. Such flaws or damages have the potential to hinder the smooth 
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passage of current through the wire, subsequently affecting the distribution of heat. Establishing a 

strong and reliable contact between the wire and the steel wire mesh inside the tire is of utmost 

importance. A solid connection ensures efficient conduction of current and promotes the effective 

transfer of heat. However, achieving optimal contact can be challenging due to the presence of 

numerous curves in the wire. These curves create uneven surfaces and irregularities that obstruct 

the seamless interaction between the wire and the steel wire mesh. These imperfections in the 

wire's shape and the resulting lack of ideal contact between the two materials can hinder the 

efficient flow of electricity and heat. Therefore, the distribution of heat on the rubber tire piece 

becomes uneven, potentially leading to uneven heating of the concrete surface as well. Therefore, 

in order to achieve a more uniform heat distribution, it is crucial to address the challenges posed 

by the curves in the wire. Finding ways to minimize or eliminate these curves or implementing 

measures to enhance the contact between the wire and the steel wire mesh, could significantly 

improve the overall heat distribution and ensure a more effective transfer of energy from the tire 

to the concrete surface. 
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CHAPTER V 

CONCLUSION 

The article suggests an alternative approach to building electrically conductive pavement 

that is more environmentally friendly. This involves incorporating electric circuits into rubber 

tires, using the steel wire mesh embedded in them as a valuable material. These tires are then used 

as a heating element to warm the pavement surface. 

To test this method, two samples of concrete and rubber were combined and studied. The results 

showed that this construction method, along with a noble strategy, was effective in providing 

sufficient heating to keep the surface temperature of the samples above freezing point and to melt 

snow. This approach is not only more cost-effective compared to other existing techniques but also 

offers greater technological advantages. 

The main findings of the investigation can be summarized as: 

The aim of this study is to evaluate the viability of a novel construction method for melting 

snow from pavement. The study introduces a new technique that utilizes waste rubber tires (WRT) 

to replace conventional materials such as carbon black and carbon fiber in ECON systems, altering 

the concrete layer properties and enhancing the electrical conductivity properties to generate heat 

for melting snow. Temperature changes were monitored and recorded over time for both the rubber 
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and concrete samples, and observations and pictures were taken to document the combined 

samples' ability to melt snow. The following is a summary of the study's findings: 

1. The low-carbon steel used in the steel wire mesh embedded in rubber tires has been proven

to be electrically conductive.

2. A low voltage is capable of generating sufficient heat from both exposed and grooved

rubber samples.

3. Grooved rubber samples are more effective and time-efficient compared to exposed

samples as they do not require removal of the top rubber layer, which can be costly.

4. The heat distribution across the front and back surfaces of the rubber samples was

satisfactory.

5. Copper, although a good conductor, was not used due to its tendency to cause a sudden rise

in temperature, which could damage the sample. Galvanized steel was used instead to

achieve a gradual temperature rise.

6. The U-design of the electric circuit was selected for use in concrete-rubber samples as it

demonstrated a gradual temperature increase without damaging the sample.

7. The combined concrete-rubber samples showed impressive thermal and heat transmission

capabilities.

8. The rubber samples remained intact and undamaged despite being exposed to high

temperatures.

9. The approach of melting snow has been successfully demonstrated and achieved.
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1.20 Limitations 

Some limitations of this research work are described below: 

1. The maximum voltage supply was limited to 15 volts to prevent damage to the

power supply from overheating if the voltage is increased beyond that level.

2. Ensuring good contact between the wires of the electric circuit and the steel wire

mesh inside the rubber tire was challenging, whether copper or galvanized steel was

used. Using metal pins did not ensure full contact between the materials.

3. Creating grooves in the rubber samples was also challenging, as it was necessary

to avoid cutting too deeply and damaging the steel wire mesh underneath.

4. The study did not focus on finding the best design for the electric circuit, as the

primary goal was to prove the concept.

5. Due to the time-consuming process of cutting, grooving, and attaching the electric

circuit to a rubber sample, only a limited number of concrete-rubber samples were

tested.

6. Real-time data records were not possible with the surface heating measurement

device used in this study, as infrared heating measures only provide temperature

data for a specific location rather than the entire testing surface area.

7. Despite variations in temperature in the lab setting, this research allowed the

specimen's temperature to rise consistently.
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1.21 Future work 

Following works are suggested based on the current research work: 

1. For future research, it is recommended to further investigate the use of materials such as

copper and galvanized steel to determine which material can generate sufficient heat

without damaging the material or the heating element.

2. Future studies should also focus on optimizing the electric circuit design to achieve a more

uniform heat distribution across the rubber and concrete samples.

3. In order to determine the maximum temperature, rise and the extent of the heat distribution

across the concrete-rubber samples, it is recommended to optimize the dimensions of the

samples in future studies.

4. To fully understand the effectiveness of the proposed construction method, it is suggested

that future research should conduct field-scale experiments.

5. When analyzing the cost-effectiveness of the proposed approach, it is important to consider

both the operating and construction expenses to provide a comprehensive understanding of

how it compares to other existing methods.
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