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Introduction
Plastics play an important role in modern society and are used daily in diverse industrial, food, agricultural, medical and 
pharmaceutical applications. The application of plastic materials and their composites are growing rapidly due to their low cost, 
ease of manufacturing and attractive qualities [1]. Plastic is lightweight, water resistant, water retainer, expandable, strong, durable 
and cheap. These qualities contributed to over consumption of plastic-based products. Plastic waste makes about 13% of the total 
solid waste. About 300 million tons of plastic are produced globally each year of which only about 25% is recycled and the rest 
is landfilled [2]. Plastics frequently find their way into rivers, oceans and land as shown in Figure 1 [3]. An estimated 7 million 
tons ends up as trash in the sea each year which cause significant environmental and health problems for fish and sea animals. 
Consequently, plastic waste brings serious environmental challenge to modern society because it is made of several toxic chemicals 
that can pollute soil, water and air if not managed properly [3]. Plastics are made from nonbiodegradable-harmful materials and 
land filling them would increase the volume of the waste and pollute ground water and may hider its movement [1,4].

Abstract

Keywords: Waste Plastics; Environment; Recycling; Gravels; Sand; Cement; Concrete; Blocks; Bricks

Plastics play an important role in modern society and are used daily in diverse applications due to their low cost, ease of manufacturing and 
attractive qualities. About 300 million tons of plastic are produced globally each year of which only about 25% is recycled. An estimated 7 
million tons ends up as trash in the sea each year causing significant environmental and health problems for fish and sea animals. Plastic 
waste brings serious environmental challenge to modern society because it is made of several toxic chemicals that can pollute soil, water 
and air if not managed properly. However, the percentage of recycled plastic can be increased by transforming waste plastic into mortar 
and concrete products suitable for housing and construction. In this study, the use of melted waste plastic bags as a replacement for 
cement in production of building bricks and concrete blocks was evaluated. The results showed that thermal conductivity depended upon 
the plastic content of the molded materials. Decreases in the thermal conductivity were observed with increases in the plastic content of 
both the bricks and concrete blocks. Increasing the plastic content from 33.33% to 66.67% (100%) in the bricks decreased the thermal 
conductivity from 1.70x10-3 W/m.K to 1.43x10-3 W/m.K (16 %) while increasing the plastic content from 20% to 50% (150%) in the 
concrete blocks decreased the thermal conductivity from 1.61x10-3 W/m.K to 1.50x10-3 W/m.K (7 %). It was also noticed that bricks and 
concrete blocks with similar plastic contents (50%) have similar thermal conductivity values. The thermal conductivity apparatus and the 
transient measurement methods used in this study provided consistence results with high degree of accuracy. The variations in ΔT were 
within the rage (1-3%) reported in the literature for the thermal conductivity transient measurement technique and resulted in very small 
variations in the thermal conductivity measurements (0.59-0.70% for bricks and 0.62-0.69% for concrete blocks). The results obtained 
from the flexure test showed that the bending moment and thus the bending stress increased with increasing the plastic content in both 
the bricks and concrete blocks. Increasing the plastic content of the brick from 33.33% to 66.67% (100%) increased the bending moment 
from 540.00 N.m to 1711.25 N.m (216%) and the bending stress from 3,24 N.m-2 to 10.26 N.m-2 (216%) and increasing the plastic content 
of the concrete blocks from 20 % to 50 % (150%) increased the bending moment from 901.40 N.m to 1442.55 N.m (60%) and the bending 
stress from 5.40 N.m-2 to 8.65 N.m-2 (60%). It was also noticed that for similar plastic contents (50%), the concrete blocks had a lower 
bending moment (1442.55 N.m) than that of the bricks (1711.25 N.m) and thus a lower bending stress (8.65 N.m-2) than that of the bricks 
(10.26N.m-2). Using waste plastic in making construction materials such as bricks and concrete blocks is advantageous due to its light 
weight, extreme versatility and ability to be tailored to meet specific technical needs. Also replacing cement with waste plastic will reduce 
environmental problems associated with the disposal of waste plastic as well as those associated with the cement industry.
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Concrete is made up from coarse aggregates (gravels), fine aggregates (sand), cement and water. It is the most prevalent construction materials 
because the raw materials are easily available at relatively low cost. It also provides better fire resistance the any other building material [40]. In 
normal concrete mix, aggregates account for 65-85% of the concrete volume and play a significant role in concrete strength and durability [12].

Egyptians use about 12 billion plastic bags each year. Egypt’s waste output is 16.2 million tons, of which plastic represents 6%. That is the 
equivalent of 970,000 tons of plastic waste, of which 45 percent is recycled and only 5% reused. The menace of these non-biodegradable plastic 
bags causes severe problems to the Nile River and the seas and thus, it negatively affects environmental tourism and diving. In addition, many 
animals die after swallowing these plastic bags after their disposal. Plastic bags are also often incinerated in Egypt, releasing toxic fumes into 
the air and having a negative effect on climate change. The Ministry of Environment has launched a public advertisement campaign to raise 
awareness on the hazard of plastic bags. Also, the Ministry of Environment launched the EU-funded initiative on June 5, 2017, targeting 
Egypt’s strong dependency on plastic bags and aiming to reduce their use due to the negative effects on the environment and the economy. 
The Ministry of Environment has also partnered up with the United Nations and the Center for Environment and Development for the Arab 
Regions and Europe (CEDARE) to carry out the initiative. The initiative campaign included distributing 4,500 non-woven bags as alternatives 
to traditional non-recycled plastic bags. These are eco-friendly biodegradable plastic bags that decompose through living organisms [5].

However, since waste plastics are generally a threat to the global environment and the production of plastics in its varied forms cannot be halted, 
recycling may be a solution to the threat waste plastics pose to the environment. Recycling of waste plastic is sustainable and can conserve 
natural resources. However, recovery and recycling of plastics remain insufficient, and millions of tons end up in landfills and oceans every 
year [6]. The percentage of recycled plastic can be increased by transforming waste plastic into mortar [3,4,6-9] and concrete [8-18] products 
suitable for housing and construction, applying it in road construction and pavement to improve strength and increase durability [19-25], 
using it as thermal and acoustic insulator in building construction [26-32], using it as fibers in textile industry [33-35] or using to produce 
new plastic [1,2]. Other uses of waste plastics include producing twist ties for bulk item tying, manufacturing low strength plastic furniture, 
manufacturing automotive parts and home appliances, producing mulches and making films [1,36-39]. Plastic is derived from hydrocarbon-
based materials and as such it exerts high calorific value that could be used to fuel boilers [8]. Table 1 shows a summary of the common plastics, 
their characteristics and uses as well as the potential uses of the recycled waste plastics.

(A)

(B)

(C)

Figure 1: Images of waste plastic in the environment (A) Plastic in Rivers; (B) Plastic in oceans; (C) Plastic in Landfills
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Plastic Type Characteristics Uses of Original Plastic Possible Uses of Recycled Plastic

Polyethylene 
Terephthalate (PTE)

Clear, hard, stiff, strong, dimensionally stable, 
absorbs very little water, has good gas barrier 
properties and good chemical resistance 
except to alkalis.

Soft drink and mineral water bottles, 
capacitators, graphics, film base and 
recording tapes, making fibers for wide 
range of textile and industrial uses

Clear and soft films for packaging and 
wrapping, automotive parts, luggage, 
fibers for carpets, T-shirts, long 
underwear, raincoats, sweaters, sleeping 
bags. upholstery

Low Density 
Polyethylene 

(LDPE)

Soft, flexible, milky white (if pigment is not 
added), density range of 0.917–0.930 g/cm3, 
not reactive at room temperature, withstand 
temperatures of 80 °C continuously and 90 °C 
for a short time.

Lids of food containers, garbage 
bags, garbage bins, trays, containers, 
dispensing and wash bottles, tubing, 
plastic parts for computer components, 
molded laboratory equipment.

Soft film for wrapping and packaging, 
grocery bags, garbage cans, paneling, 
furniture, flooring.

Linear Low-Density 
Polyethylene 

(LLDPE),

Higher tensile strength, superior impact 
and puncture resistance, higher retention 
of physical properties and color than the 
low-density polyethylene. This has allowed 
converters to make thinner films without 
sacrificing strength, saving material and 
reducing costs

Stretch films, flexible packaging, carrier 
bags, electrical boxes, housewares, 
containers, toys, doormats, dust bins, 
hardware, caps, water pipes, threaded 
closures

Garbage cans, paneling, furniture, 
flooring and bubble wrap.

High Density 
Polyethylene 

(HDPE)

White or colored, high strength-to-density 
ratio, density ranges from 0.93-0.97 g/cm3, 
harder and more opaque, withstands higher 
temperature (120 °C for short periods), 
cannot withstand autoclaving conditions

Shopping bags, freeze storage bags, 
plastic bottles, corrosion-resistant 
piping, boats, geomembranes and 
plastic lumber, banners, back-bag 
frames, electrical and plumbing boxes, 
fuel tanks, water pipes

Compost bins, detergent bottles, crates, 
garbage bins, wood plastic composites, 
plastic lumber, plastic furniture

Un-Plasticized 
Polyvinyl Chloride 

(UPPVC)

Clear, hard, rigid, extremely good tensile 
strength, very dense compared to most 
plastics (specific gravity of 1.4)

Plumbing pipes and fittings, building 
and construction materials, health care 
equipment, electronic parts, automobile 
parts, siding, blood bags and tubing, 
wire and cable insulation, windshield 
components

Ground into small pieces that can 
be easily processed into new PVC 
compounds ready to be melted and 
formed into new products such as 
detergent bottles, tiles, plumbing 
fittings, tubing and various building and 
construction materials

Plasticized 
Polyvinyl Chloride 

(PPVC)

Clear, flexible, tough, oil resistance, high 
electrical resistance, non-inflammability,

Garden hoses, shoe soles, blood bags 
and tubes, medical devices, electronics

Hose inner core, industrial flooring, wire 
insulation, composite materials

Polypropylene (PP)

Hard, flexible, non-toxic, transparent, resists 
attack from UV rays, rugged, high resistance 
to different chemicals, solvents, acids and 
bases, withstand higher temperatures

Ice cream containers, potato chips 
bags, lunch boxes, stools and chairs, 
flexible tubing, packaging for consumer 
products, plastic parts for automotive 
industry, living hinges, fibers for 
textiles, small fluid system support 
structures, liner in metal piping systems

Compost bins, recycling organic green 
bin, worm fabrics, margarine containers, 
yogurt pots, syrup bottles, prescription 
bottles.

Polystyrene (PS)

Lightweight, amorphous, colorless, glossy, 
transparent, rigid, brittle, relatively hard, 

excellent gamma radiation resistance, good 
electrical properties, poor chemical and UV 

resistance, waterproof material

Transparent kitchen ware, disposable 
plastic cutlery and dinnerware, light 

fixtures, bottles, toys, food containers, 
smoke detector housings, license plate 

frames, plastic model assembly kits

Laundry bags, coat hangers, CD and DVD 
jewel cases, plastic forks, life rafts, picture 

frames

Polyester (PE)

λStaple and strong fibres due to their 
crystalline nature, lightweight, energy 

absorbing, high thermal efficiency, moisture 
resistance, shock absorption, resistant to most 

chemicals, stretching, shrinking, wrinkle, 
mildew and abrasion

Plastic bottles, yarns and ropes, car tire 
reinforcements, fabrics for conveyor 
belts, safety belts, coated fabrics and 

plastic reinforcements with high-
energy absorption, fibers are used as 
cushioning and insulating material 

in pillows, comforters and upholstery 
padding, outerwear because of its high 
tenacity and durability and ability to 

withstand repetitive movements.

Recycled polyester is toxic to the earth 
and the wearer. It can be converted to 

PET (the raw material used in clear plastic 
water bottles) and prevents it from going 

to landfill.

Polyamides (PA)

The two most important polyamides are 
Nylon 6,6 (poly-hexamethylene adipamide) 
and Nylon 6 (polycaprolactam. Both have 

compact molecular structure, superior 
colorfastness and excellent mechanical 

properties including high tensile strength, 
high flexibility, good resilience, low creep and 

high impact strength (toughness), abrasion 
resistance

Co-polymers and compounded with 
other materials. These fillers include 
glass beads, glass fibres and carbon 

fibres. toothbrush bristles, fishing lines, 
films, medical apparel,

The raw material source for recycled 
polyamide can be old fishing nets and 

carpets, and waste from manufacturing 
industry. Recycled polyamide is used 
in swim wear. Collected carpet can be 

processed to produce various products, 
depending on the composition.
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Plastic Type Characteristics Uses of Original Plastic Possible Uses of Recycled Plastic

Polypropylene 
(PP)

White, mechanically rugged material and has a 
high chemical resistance, high impact strength 
and heat resistant but low strength, hardness, 

rigidity and low friction.

Packaging for consumer products, 
plastic parts for various industries, 

automotive parts, living hinges, textiles, 
tubing for transferring hot liquids and 
gases in food and beverage industry, 

liner in metal piping systems.

Clothing fibers, plastic lumber, picnic 
tables, lawn furniture, playground 

equipment, recycling bins

Polylactic Acid 
(PLA),

Polylactic Acid is biodegradable natural polymer 
designed to substitute widely used petroleum-

based plastics such as PET (polyethene 
terephthalate). Like most plastics, it has the 

potential to be toxic if inhaled and/or absorbed 
into the skin or eyes as a vapor or liquid during 

manufacturing processes, Heat-resistant PLA can 
withstand temperatures of 110 °C.

Used in food handling and medical 
implants that biodegrade within the 

body over time.

Packaging, plastic films and food 
containers, biodegradable fibers

Table 1: Plastic types, characteristics, use and potential recycle

Sustainability is becoming a top priority for the construction industry worldwide. Different types of waste materials and industrial 
byproducts (such as recycled concrete aggregate, glass, ceramic, fly ash and slag) are being used with and without natural aggregates (sand 
and gravels) and Portland cement to make concrete for traditional construction. It has been shown that the properties of these materials are 
suitable to produce new concrete up to a certain limit. Therefore, numerous studies have been conducted to find the optimum content of 
these materials in concrete that does not negatively influence the engineering properties of concrete. Waste materials such as plastics, which 
present environmental hazards and are often landfilled, can be used in concrete for different applications. Compared to other materials, 
plastics have lower cost, a higher strength-to-weight ratio, are more durable (resistant to deterioration), easy to work and shape and have 
a low density [2]. There are two forms of waste plastic that can be used in concrete: aggregates (PAs) and plastic fibers (PFs). PAs are 
used to replace coarse aggregates (gravels) and fine aggregates (sand). They have lower bulk density than granite, limestone and basalt 
and, therefore, used in lightweight concrete. In contrast, PFs are used as reinforcement to replace steel, which is subject to corrosion and, 
thus, enhance concrete durability [40,41]. Incorporating plastics in concrete will not only provide safe disposal but may also improve the 
concrete properties including tensile strength, chemical resistance, drying shrinkage and creep [15]. Furthermore, recycling plastic waste 
in the construction industry will shift the industrial process from linear processing system in which the resources and capital investments 
are moved through producing waste materials to ecological closed loop system in which waste becomes input for creating new products.

There are reported work on various types of plastics used as aggregates in concrete mix. These included polyethylene terephthalate (PET) 
bottles [7,8,9,12-14,18,20,22] polyvinyl chloride (PVC) pipe [31], high density polyethylene (HDPE) [13], spent plastic waste [35], expanded 
polystyrene foam (EPS) [14,32], glass reinforced plastics (GRP) [24,36], polycarbonate [35], thermoplastic recycled polystyrene [14], 
polypropylene fibers [37]. Although utilization of this type of waste plastic in concrete is beneficial from an economic and environmental 
point of view, its mechanical and thermal properties are different from natural aggregates [6,7,11,14,18,28]. The aim of this study was to use 
waste plastic as a replacement to cement for production of construction building bricks and concrete blocks.

The main aim of this study was to evaluate the use of waste plastic bags as a replacement for cement in production of construction 
bricks and concrete blocks. The specific objectives were (a) to produce construction bricks using sand and waste plastics and (b) to 
produce concrete blocks using sand, gravels and waste plastics. In both cases, waste plastics was use as a total replacement to cement

Objectives

The materials used in this study to make the bricks and blocks are sand, gravels and recycled plastic bags. Plastic bags were obtained 
from a Solid Waste Management Facility in Giza City. The sand and gravels were obtained from a Local Supplier of Concrete and 
Construction Materials in Giza City. Firewood was used to provide the heat required for melting the plastics. The wood was obtained 
from the Carpentry Workshop of the Faculty of Agriculture, Cairo University. A 6-hole mold was built from wood and used to cast 
the bricks and blocks. The dimensions of each brick or block were 20 cm in length, 10 cm in width and 5 cm in height. Figure 2 shows 
the plastic, sand, gravels used in the study. The mold used to cast the bricks and blocks is shown in Figure 3.

Experimental Materials

Materials and Methods

Two experiments were carried out in this study. In the first experiment, building bricks were made using sand and plastics. No 
cement was use in this experiment and meltede plastic was use as a replacement for cement. Three treatments were carried out 
having plastic: sand ratios of 2: 1, 1: 1 and 1: 2. Table 2 shows the weights of the plastic and sand used in each treatment. In the second 
experiment, concrete blocks were made using sand, gravels and recycled plastics. No cement was use in this experiment and melted 
plastic was use as a replacement for cement. Three treatments were carried out having plastic: sand: gravels ratios of 2: 1: 1, 1: 1: 1 
and 1: 2: 2. Table 3 shows the weights of the plastic, sand and gravels used in each treatment.

Experimental Design
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In the first experiment, the required amount of plastic was placed in the melting cast iron pot and the pot was heated using firewood. 
When the plastic was completely melted and became liquid, the desired amounts of sand and plastic were added according to the 
ratios presented in Table 2. The sand-plastic mixture was mixed thoroughly and then placed in the mold. The bricks were left to cool 
down and then removed from the mold for testing. The same procedure was followed for making the concrete blocks with plastic, 
sand and gravels. After the required amount of plastic was melted, the desired amounts of sand and gravels were added to the melted 
plastic according to the ratios shown in Table 3. The plastic-sand-gravel mixture was mixed thoroughly and placed in the mold. The 
concrete blocks were left to cool down and then removed from the mold for further testing.

Thermal conductivity measures the heat conducting capacity of a material. The thermal conductivity (λ) is defined as the thermal 
energy (heat) Q transmitted through a thickness d in the direction normal to a surface A under a temperature gradient ΔT K (Th-Tc) 
according to the following equation [42]:

Q    = - λ  A ΔT/d (1)
Where:
Q

λ 
A 
ΔT
d 
Th
Tc

= The heat flux (W)
= The thermal conductivity of the material (W m-1 K-1)
= The surface area of the material (m2)
= The temperature gradient (T1-T2) between the two surfaces of the material (K)
= The thickness of the material (m)
= Hot side temperature (K)
= Cold side temperature (K)

Heat transfer occurs at a higher rate across materials of high thermal conductivity like copper (385 watt/m. K) than those of 
low thermal conductivity such as air (0.024 watt/m. K at 0 oC). The most commonly used measurement techniques for thermal 
conductivity are steady state methods and transient methods. The steady state methods measure thermal conductivity by 
establishing a temperature difference that does not change with time while transient method usually measures time dependent 
energy dissipation process of a sample [43]. The transient technique overcomes the drawbacks associated with the steady state 
technique such as parasitic heat loss, contact resistance of temperature sensor and long waiting time to establish steady

Preparing the Mixtures and Casting the Bricks and Blocks

Thermal Conductivity Measurement

(A)

Figure 2: The materials used in the study (A) Waste plastic; (B) Sand; (C) Gravels

(B)

(C)
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Figure 3: The mold used to form the bricks and blocks

Treatment Plastic: Sand Ratio Weight of Plastic (g) Weight of Sand (g)

1 2: 1 300 150

2 1: 1 225 225

3 1: 2 150 300

Table 2: Ratios and weights of the plastic and sand used to make plastic bricks

Treatment Plastic: Sand: Gravel Ratio Weight of Plastic (g) Weight of Sand (g) Weight of Gravels (g)

1 2: 1: 1 225 112.5 112.5

2 1: 1: 1 150 150 150

3 1: 2: 2 90 180 180

Table 3: Ratios and weights of the plastic, sand and gravels used to make plastic concrete blocks

state temperature difference [44] and it is also suitable for the configuration of the sample used in this study [43].

An apparatus for quick measurement of thermal conductivity of the sample brick or block was designed and constructed in the 
Bioengineering Laboratory. The apparatus is like those reported in literature for the transient technique [45-50]. A box was constructed 
using 7.5 cm thick Styrofoam materials with internal dimensions of 20x15x10 cm and external dimensions of 35x30x25 cm. The brick (or 
block) was place in the middle of the box (between the heat source and the heat sink) on the side of its depth (5 cm) leaving an air chamber 
on each side of 20x10x5 cm as shown in Figure 4. The system is equipped with a heating coil with a known steady state power input (placed 
in the heat source chamber) and the heat flow was assumed to be one dimensional with no lateral heat loss. Thermocouples were place in 
both chambers for measuring the temperatures. An electronic circuit was used to read the temperatures. The temperature drop ΔT across 
the thickness d of the brick or block was measure after 5 and 15 min and the thermal conductivity (λ) was calculated using equation 1.

When a beam experiences a load at the middle of its span (3 point flexure loading), the top fibers of the beam undergo a normal compressive 
stress and the bottom fibers of the beam undergo a normal tensile stress while the stress at the horizontal plane of the neutral is zero. 
Calculating the maximum bending stress is crucial for determining the adequacy of beams. The bending stress is calculated as follows [51]:

σ 
Where:
σ 
M
y 
I 
h
b 
L
P

= My/I (2)

= Bending stress (N.m-2)
= Bending moment and is equal to PL/4 (N.m)
= Vertical distance from neutral axis and is equal h/2 (m)
= Moment of inertia around the neutral axis and is equal to bh3/12 (m-4)
= height of the beam (m)
= Width of the beam (m)
= Length of the beam
= Load

Bending Stress Test

The purpose of this experiment was to determine the relationship between the load (P) and the bending stress (σ) and calculat 
the maximum bending stress σmax. A fracture and toughness testing machine (model ASTM E399, Norwood, Maryland, USA) 
was used. The brick or block to be tested was placed on the testing machine and the loads were applied on the sample till fracture 
took place. The recorded data was used to calculate the Mmax and σ max.

Figure 4: Placement of the brick in the insulated box for thermal conductivity measurement.
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In this study, plastic was used as a replacement for cement to form bricks and concrete blocks. In the first experiment, plastic was used as 
replacement for cement to form bricks with 3 different plastic: sand ratios (2:1, 1:1 and 1:2). In the second experiments, plastic was also 
used as a replacement to cement to form concrete blocks with different plastic: sand: gravels ratios (2:1:1, 1:1:1 and 1:2:2). Samples of the 
bricks and concrete blocks are shown in Figure 5. The results showed that increasing the amount of plastic in the mixture decreased the final 
density of the molded bricks and concreate blocks.

Wight of Molded Materials
Results and Discussion

Using waste plastics in making bricks and concrete blocks is advantageous due to its extreme versatility and ability to be tailored to meet 
specific technical needs. Also, plastic is light weight compared to other competing material which reduces fuel consumption during 
transportation of these construction materials. In addition, replacing cement with waste plastic will reduce environmental problems 
associated with the disposal of waste plastic as well as those associated with the cement industry including cement dust, air pollution, water 
pollution, solid pollution, noise pollution, ground vibration and resources depletion due to raw material extraction.

Binici et al. [6] investigated the production of mortars with disposable polyethylene bottles without cement. The disposable 
polyethylene bottles were converted into fibers and molten with different types of sands at the temperature range of 180–200oC. 
They stated that this process would reduce the amount of plastic going to landfill and reduce the CO2 emissions from cement and 
concrete production which is about 8% of the global emission.
Naik and Moricon [52] stated that the cement industry is a major contributor to global warming as the production of one-ton 
Portland cement creates approximately one-ton of CO2 and other greenhouse gases. They suggested using recycled materials to 
produce alternative cement.

Thermal conductivity is the measure of heat transfer through a body internally. Thermal conductivity has many important 
applications in heat transfer, construction materials and engineering applications. Thus, accurate measurements of thermal 
conductivity are required. The experimental setup was designed to measure transient heat transfer though the spacemen (a 
brick or a block) and the steady-state temperature distribution in both sides of the brick or block. Steady-state measurements of 
the temperature difference ΔT were used to determine the thermal conductivity of the bricks and concrete blocks. The thermal 
conductivity measurements for the bricks and concrete blocks are shown in Tables 4 and 5.

Jassim [1] mixed high-density polyethylene waste with Portland cement with percentages varying from 15% to 85% to investigate the 
possibility of producing plastic cement and reported a decrease in density with increases in the percentage of plastic. The author considered 
this process to be environmentally friendly method for manufacturing lightweight construction materials that has many benefits including 
simplicity, low cost, energy saving and clean recycling of waste plastic.

Thermal Conductivity

(A)

Figure 5: Samples of plastic bricks and concrete blocks (A) A brick with a plastic: sand ratio of 2:1; (B) A concert block with plastic: sand: gravels ratio of 2:1:1

(B)
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Sample
Plastic: Sand

Ratio
Time
(min)

Temperature 
Difference ΔT

(K)

Thermal 
Conductivity 

λ(W/m.K)

1 2:1 5 286 1.43x 10-3

15 294 1.42x 10-3

2 1:1 5 284 1.53x10-3

15 292 1.52x10-3

3 1:2 5 282 1.71x10-3

15 288 1.70x10-3

λ = (Qd)/(AΔT)
Table 4: Thermal conductivity measurements for bricks

Sample

Plastic: Sand: 
Gravels
Ratio

Time
(min)

Temperature 
Difference ΔT

(K)

Thermal 
Conductivity 

λ(W/m.K)

1 2:1:1 5 289 1.51x 10-3

15 294 1.50x 10-3

2 1:1:1 5 287 1.53x10-3

15 292 1.52x10-3

3 1:2:2 5 285 1.63x10-3

15 289 1.62x10-3

λ = (Qd)/(AΔT)
Table 5: Thermal conductivity measurements for concrete blocks

The results obtained in this study showed that thermal conductivity depended upon the plastic content of the molded materials. 
Decreases in the thermal conductivity were observed with increases in the plastic contents of the bricks and concrete blocks as 
shown in Figure 5. Increasing the plastic content in the bricks from 33.33% to 66.67% (100%) decreased the thermal conductivity 
from 1.70x10-3 W/m.K to 1.43x10-3 W/m.K (16 %) while increasing the plastic content from 20% to 50% (150%) in the concrete 
blocks decreased the thermal conductivity from 1.61x10-3 W/m.K to 1.50x10-3 W/m.K (7 %). The results also showed that bricks 
and concrete blocks with similar plastic contents (50%) have similar thermal conductivity.

Patel et al. [43] stated that the thermal conductivity is a property of the material and depends on the structure of the material 
and how closely atoms are packed in lattice. The higher the density of material, the more closely the atoms will exist. Insulating 
materials used in homes have a low thermal conductivity, indicating that they do not let heat pass through them easily due to higher 
distance between atoms in these materials. When thermal excitation is provided to an atom of dense material, its vibrational energy 
increases and energizes the adjacent atoms, thus transmitting energy in the form of kinetic energy (vibrational energy) instead of 
transmitting it. Therefore, a low thermal conductivity of bricks or blocks indicates a good insulating property of these materials.

Zhao et al. [48] reported that thermal conductivity is affected by the temperature, surface roughness, surface hardness, impurities, 
cleanness and contact pressure. The thermal conductivity measured in this study was slightly affected by the temperature difference 
ΔT. Increasing the time from 5 min to 15 min increased the temperature difference ΔT from 286 K to 294 K (2.7%), from 284 K 
to 292 K (2.7%) and from 282 K to 288 K (2.1%) for bricks having plastic: sand ratios of 2:1, 1:1 and 1:2, respectively. Also, the 
temperature difference ΔT increased from 289 K to 294 K (1.7%), from 287 K to 292 K (1.7%) and from 285 K to 289 K (1.4%) 
for the blocks having plastic: sand: gravel ratios of 2: 1: 1, 1:1:1 and 1:2:2, respectively. However, the variation in ΔT was with the 
reported range in the literature of 1-3% for the thermal conductivity transient measurement technique [44,49,50].

The thermal conductivity apparatus and the transient measurement methods used in this study proved adequate and provided 
consistence results with high degree of accuracy. The variations in the thermal conductivity measurements were 0.70%, 0.66% and 
0.59% for bricks having plastic: sand ratios of 2:1, 1:1 and 1:2 and 0.69%, 0.66% and 0.62% for the blocks having plastic: sand: gravel 
ratios of 2: 1: 1, 1:1:1 and 1:2:2, respectively

Because concrete structures are subjected to flexural loading in typical applications, the flexure testing of these materials was commonly 
performed. Flexure testing is among the simplest of the tests to perform, yet the state of stress and failure modes produced within a 
flexure test specimen are among the most complex. Under three-point flexural loading, the tensile, compressive and shear stresses that are 
produced (Figure 6) vary along the length and through the thickness of the specimen. Depending on the span length as well as the material 
orientation of the specimen during the test, either a tensile, compressive or shear failure might be produced under flexural loading. In this 
study, the most common type of flexure test was performed, in which the specimen is designed to fail due to bending stresses.

Bending Stress
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The experimental work was carried out to determine the maximum load applied on the brick or block before fracture takes place. The 
bending moment and bending stress were then calculating. The results are shown in Tables 6 and 7 and presented in Figures 7 and 8.

Figure 6: Effect of plastic content on the thermal conductivity of the molded materials My/(I )

Figure 7: Effect of plastic content on the maximum bending moment of molded materials

Sample Plastic: Sand Ratio M (N.m) б (N/m2)

1 2:1 1711.25 10,26

2 1:1 721.55 4.32

3 1:2 540.00 3.24

Table 6: Maximum bending moment and bending stress for bricks

My
I

σ =

Sample Plastic: Sand: Gravels 
Ratio M (N.m) б (N/m2)

1 2:1:1 1442.55 8.65

2 1:1:1 1081.90 6.40

3 1:2:2 901.40 5.40

Table 7: Maximum bending moment and bending stress for concrete blocks

My
I

σ =
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Figure 8: Effect of plastic content on the maximum bending stress of molded materials

The results showed that the bending moment and thus the bending stress increased with increasing the plastic content in the bricks 
and concrete blocks. Increasing the plastic content of the brick from 33.33% to 66.67% (100%) increased the bending moment 
from 540.00 N.m to 1711.25 N.m (216%) and the bending stress from 3,24 N.m-2 to 10.26 N.m-2 (216%) and increasing the plastic 
content of the concrete blocks from 20 % to 50 % (150%) increased the bending moment from 901.40 N.m to 1442.55 N.m (60%) 
and the bending stress from 5.40 N.m-2 to 8.65 N.m-2 (60%) The results also showed that, for similar plastic contents (50%), the 
concrete blocks had a lower bending moment (1442.55 N.m) and a lower bending stress (8.65 N.m-2) than the bending moment 
(1711.25 N.m) and bending stress (10.26N.m-2) of the bricks.

Rebeiz [53] studied the strength properties and behavior of unreinforced and reinforced polymer concrete (PC) using an 
unsaturated polyester resin based on recycled polyethylene terephthalate (PET) plastic. The results obtained showed that 
resins based on recycled PET could be used to produce good quality PC for precast applications such as utility components, 
transportation components, machine bases and building components. The author stated that the use of recycled PET in PC 
helped in reducing the cost of the material, solving some of the solid waste problems posed by plastics and saving energy.

Jassim [1] mixed high-density polyethylene waste with Portland cement with different percentages (15% to 85% by volume) and evaluated 
the properties of product. The results show that there is a possibility to produce plastic cement from polyethylene waste and Portland 
cement using 60% plastic and 40% cement and mixing this with sand to produce lightweight materials. The density of this material was 
decrease, the ductility was increased, and the workability was improved compared to using cement only.

Binici et al. [6] investigated the production of mortars with disposable polyethylene bottles without cement. The bottles were crushed, 
converted into fiber and then molted with different types of sands at the temperature range of 180–200 oC. Some physical (water absorption 
and abrasion resistance) and mechanical (bending strength, compressive strength, toughness) properties of the mortar were tested. The 
results indicated that bending strength and toughness of mortars were improved, water absorption of mortar was negligible, and abrasion 
was nearly equal to zero. Polyethylene improved the flexibility of concretes and increased toughness.

Agyeman et al. [54] produced concrete paving blocks with a cement: quarry dust: sand ratio of 1:1:2 by weight to serve as control. They 
replaced cement with plastic and produced paving blocks with high plastic (HP) and low plastic (LP) contents with plastic: quarry dust: 
sand ratios of 1:1:2 and 1:0.5:1 by weight, respectively. All paving blocks were tested for compressive strength at 7,14 and 21 days curing via 
water sprinkling. Water absorption test was done after 72 h of soaking. The study revealed that after 21 days, the control, HP and LP paving 
blocks had compressive strengths of 6.07 N/mm, 8.53 N/mm ² and 7.31 N/mm² and water absorptions of 4.9%, 0.5% and 2.7%, respectively. 
The authors recommended that paving blocks made from the recycled plastic waste should be used in non-traffic areas such as walkways, 
footpaths, pedestrian plazas, landscapes, monument premises and in waterlogged areas due to their low water absorption property and 
relatively low compressive strengths.

Other researchers used granular waste plastic as aggregates in concrete an reported their effects on weight loss, impact load, sulphate 
attack [55], porosity [56], abrasion resistance [57], oxygen permeability [55,56], splitting strength [58,59], density [60,61], modulus of 
elasticity[57,62], water absorption [59,62,63], compression [55,57-64], flexural strength [57,58,62,63], workability [60,61, 65,66] and 
strength [57,60,62,63]. Silva et al. [67] and Kumar and Baskar [68] reported reductions in both the fresh and dry density of concrete 
made with waste plastic aggregates. Coppola et al. [69] stated that increasing the percentage of plastic in concrete reduced the dry 
weight after 28 days. Akram et al. [59] and Hama and Halil [70] reported 50% reduction in dry weight of a concrete containing 50% 
plastic aggregates and referred that to the lower specific gravity of plastic.
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Plastics play an important role in modern society and are used daily in diverse applications due to their low cost, ease of manufacturing 
and attractive qualities. About 300 million tons of plastic are produced globally each year of which only about 25% is recycled and the rest 
is landfilled or find their way into rivers and oceans. An estimated 7 million tons of waste plastic end up as trach in the sea each year which 
cause significant environmental and health problems for fish and sea animals. Consequently, plastic waste brings serious environmental 
challenge to modern society because it is made of several toxic chemicals that can pollute soil, water and air if not managed properly.

Recycling waste plastic is sustainable and can conserve natural resources. The percentage of recycled plastic can be increased by transforming 
waste plastic into mortar and concrete products suitable for housing and construction. In this study, melted plastic bags were used as a 
replacement for cement in the production of construction building bricks and concrete blocks. Using waste plastic in making bricks and 
blocks is advantageous due to its extreme versatility and ability to be tailored to meet specific technical needs and its light weight compared 
to other competing material which reduces fuel consumption during transportation. Also replacing cement with waste plastic will reduce 
environmental problems associated with the disposal of waste plastic as well as those associated with the cement industry.

The results showed that the thermal conductivity depended upon the plastic content of the molded materials. Decreases in the 
thermal conductivity were observed with increases in the plastic content of both the bricks and concrete blocks. Increasing the 
plastic content from 33.33% to 66.67% (100%) in the bricks decreased the thermal conductivity from 1.70x10-3 watt/m.K to 
1.43x10-3 Watt/m.K (16 %) while increasing the plastic content from 20% to 50% (5) in the concrete blocks decreased the thermal 
conductivity from 1.61x10-3 watt/m.K to 1.50x10-3 Watt/m.K (7 %). The results also showed that bricks and concrete blocks with 
similar plastic contents (50%) have similar thermal conductivity values.

The thermal conductivity measured in this study was slightly affected by the temperature difference ΔT. Increasing the time from 
5 min to 15 min increased the temperature difference ΔT from 286 K to 294 K (2.7%), from 284 K to 292 K (2.7%) and from 282 K 
to 288 K (2.1%) for bricks having plastic: sand ratios of 2:1, 1:1 and 1:2, respectively. Also, the temperature difference ΔT increased 
from 289 K to 294 K (1.7%), from 287 K to 292 K (1.7%) and from 285 K to 289 K (1.4%) for the concrete blocks having plastic: 
sand: gravel ratios of 2: 1: 1, 1:1:1 and 1:2:2, respectively. However, the variation in ΔT is with the reported range in the literature 
of 1-3% for the thermal conductivity transient measurement technique.

The thermal conductivity apparatus and the transient measurement methods used in this study proved adequate and provided 
consistence results with high degree of accuracy. The variations in the thermal conductivity measurements were 0.70%, 0.66% and 
0.59% for bricks having plastic: sand ratios of 2:1, 1:1 and 1:2 and 0.69%, 0.66% and 0.62% and for the blocks having plastic: sand: 
gravel ratios of 2: 1: 1, 1:1:1 and 1:2:2, respectively.

The results of the flexure testing showed that the bending moment and thus the bending stress increased with increasing the plastic 
content in both the bricks and concrete blocks. Increasing the plastic content of the brick from 33.33% to 66.67% (100%) increased 
the bending moment from 540.00 N.m to 1711.25 N.m (216%) and the bending stress from 3,24 N.m-2 to 10.26 N.m-2 (216%) and 
increasing the plastic content of the concrete blocks from 20% to 50 % (150%) increased the bending moment from 901.40 N.m 
to 1442.55 N.m (60%) and the bending stress from 5.40 N.m-2 to 8.65 N.m-2 (60%). The results also showed that, for similar plastic 
contents (50%), the concrete blocks had a lower bending moment (1442.55 N.m) and a lower bending stress (8.65 N.m-2) than 
bending moment (1711.25 N.m) and bending stress 10.26N.m-2) of the bricks.

The project was carried out in the Bioengineering Laboratory of the Department of Agricultural Engineering, Faculty of Agriculture, 
Cairo University. The authors appreciate the assistance provided by the Laboratory Manager Ms. D. M. El Nakib and the Workshop 
Supervisor Mr. A. M. Abdel Haleem.

This work was carried out in collaboration among all authors. All authors read and approved the final manuscript

The authors have declared that no competing interests exist.

Conclusions

Acknowledgements

Authors’ contributions

Competing Interests

References
1. Jassim AK (2017) Recycling of Polyethylene waste to produce plastic cement. Procedia Manuf 8: 635-2.
2. Kamaruddin MA, Abdullah M MA, Zawawi MH, Zainol MRRA (2017) Potential use of plastic waste as construction materials: recent progress and future 
prospect. IOP Conference Ser: Mater Sci Eng: 267.
3. Rochman CM, Brown MA, Halpern BS, Hentschel BT, Hoh E, et al.(2013) Classify plastic as hazardous material. Nat 494: 169-171.
4. Binici H (2013) Effect of aggregate type on mortar without cement. Eur J Eng Tech 1: 1-6.
5. Egypt Today (2017) Egypt’s initiative to eliminate plastic bags, Egypt Today, Cairo, Egypt.
6. Binici H, Gemci R, Kaplan H (2012) Physical and mechanical properties of mortar without cement. J Constr Build Mater 28: 357-61.

https://www.sciencedirect.com/science/article/pii/S2351978917300872
https://iopscience.iop.org/article/10.1088/1757-899X/267/1/012011
https://www.nature.com/articles/494169a
http://www.idpublications.org/wp-content/uploads/2013/08/EFFECT-OF-AGGREGATE-TYPE-ON-MORTARS-WITHOUT-CEMENT.pdf
mailto:https://www.egypttoday.com/Article/2/49385/Egypt%E2%80%99s-initiative-to-eliminate-plastic-bags
https://www.sciencedirect.com/science/article/abs/pii/S0950061811004892


Annex Publishers | www.annexpublishers.com                    
 

Volume 2 | Issue 1

Journal of Waste Resources and Recycling
 

12

8. Choi YW, Kim YJ, Lachemi M (2009) Characteristics of mortar and concrete containing fine aggregate manufactured from recycled plastic waste polyethylene 
bottles. Constr Build Mater 23: 2829-35.
9. Saikia N, de Brito J (2012) Use of plastic as aggregate in cement mortar and concrete preparation: A review. Constr Build Mater 34: 385-401.
10. Silva RV, de Brito J, Dhir RK (2014) Properties and composition of recycled aggregates from construction and demolition waste suitable for concrete production. 
Constr Build Mater 65: 201-17.
11. Bogas JA, de Brito J, Figueiredo JM (2015) Mechanical characterization of concrete produced with recycled lightweight expanded clay aggregate concrete. J 
Cleaner Prod 89: 187-95.
12. Saikia N, de Brito J (2014) Mechanical properties and abrasion behavior of concrete containing shredded PET bottle waste as a partial substitute of natural 
aggregate. Constr Build Mater 52: 236-44.

22. Ahmadinia E, Zargar M, Karim MR, Abdelaziz M, Ahmadinia E (2012) Performance evaluation of utilization of waste polyethylene terephthalate (PET) in stone 
mastic asphalt. Constr Build Mater 36: 984-9.

27. Dweilk H, Ziara MM, Hadidoun MS (2007) Enhancing concrete strength and thermal insulation using thermoset plastic waste. Int J Polymeric Mater Polymeric 
Biomater 57: 636-56.

30. Koh HW, Le DK, Ng GN, Zhang X, Thein NB, et al. (2018) Advanced recycled polyethylene terephthalate aerogels from plastic waste for acoustic and thermal 
insulation applications. Gels 4: E43.

32. Sayadi AA, Tapia JV, Neitzert TR, Clifton GC (2016) Effect of expanded polystyrene (EPS) particles on fire resistance, thermal conductivity and compressive 
strength of foamed concrete. Constr Build Mater 112: 716-24.

31. Binici H, Aksogan O (2016) Eco-friendly insulation material produced from waste olive seed, ground PVC and wood chips. J Build Eng 5: 260-6.

29. Vasilache M, Prureanu M (2010) Use of waste material for thermal insulation in Buildings. Environ Eng Manage 9: 1275-80.
28. Yesilata B, Isiker Y, Turgut P (2009) Thermal insulation enhancement in concrete adding waste PTE and rubber pieces. Constr Build Mater 23: 1878-82.

33. Alberts EC (2014) Recycled plastic clothing: Solution or threat. Earth Island Journal December 15.
34. Henry B, LaitalaI K, Kleoo G (2019) Microfibers apparel and home textiles: Prospect for including microplastic in environmental sustainability assessment. Sci 
Total Environ 652: 483-94.
35. Wang J, Zhang X, Zhao T, Shen L, Wu H, et al. (2014) Morphologies and properties of polycarbonate/polyethylene in situ microfibrillar composites prepared 
through multistage stretching extrusion. J Appl Polymer Sci 131: 1-8.

26. Mergi AC, Achard G, Haghighat F (1994) Using plastic waste as a thermal insulation for the slab-on-grade floor and basement of a building. Build Environ 33: 97-104.

23. Casey D, McNally C, Gilchrist MD (2008) Development of a recycled polymer modified binder for use in stone mastic asphalt. Resour Conserv Recycl 52: 1167-74.

14. Dalhat MA, Al-Abdul Wahhab HI (2017) Properties of recycled polystyrene and polyethylene bounded concrete compared to conventional concretes. J Mater 
Civil Eng 29: 04017120.

20. Sojobi AO, Nwobodo SE, Aladegboye OJ (2016) Recycling of polyethylene terephthalate (PET) plastic bottle wastes in bituminous asphaltic concrete. Cogent Eng 3: 1133480.

24. Fang C, Wu C, Yu R, Zhang Z, Zhang M, et al. (2013) Aging properties and mechanism of the modified asphalt by packaging waste polyethylene and waste 
rubber powder. Poly Adv Technol 24: 51-5.
25. Ho S, Church R, Klassen K, Law B, MacLeod D, et al. (2006) Study of recycled polyethylene materials as asphalt modifiers. Can J Civil Eng 33: 968-81.

21. Dalhat MA, Al-Abdul Wahhab HI (2017) Performance of recycled plastic waste modified asphalt binder in Saudi Arabia. Int J Pavement Eng 18: 349-57.

15. Tapkire G, Parihar S, Patil P, Kuavat HR (2014) Recycling plastic used in concrete paver block. Int J Res Eng Technol 3: 33-5.
16. Patil SP (2015) Behavior of concrete which is partially replaced with waste plastic. Int J Innovative Technol Exploring Eng 4: 1-5.
17. Metayneh M, Marie I, Asiu I (2007) Use of selected waste materials in concrete. Waste Manage 27: 1870-76.
18. Choi YW, Moon DJ, Chung JS, Cho SK (2005) Effect of waste PET bottles aggregate on the properties of concrete. Cem Concr Res 35: 776-81.
19. Jha JN, Choudhary AK, Gill KS, Shukla K (2014) Behavior of plastic waste fiber-reinforced industrial wastes in pavement applications. Int J Geotech Eng 8: 277-86.

13. Shmmugapriya M, Smith H (2017) Strength and chloride permeable properties of concrete with high density polyethylene waste. Int J Chem Sci 15: 108-18.

7. Lucolano F, Liguori B, Caputo D, Colaugelo F (2013) Recycled plastic aggregate in mortar composition: Effect of physical and mechanical properties. Mater Des 52: 916-22.

36. Pastor JM, García LD, Quintana S, Peña J (2014) Glass reinforced concrete panels containing recycled tiers. Constr Build Mater 54: 541-9.
37. Yang S, Yue X, Liu X, Tong Y (2015) Properties of self-compacting lightweight concrete containing recycled plastic particles. Constr Build Mater 84: 444-53.
38. Al-Sale SM, Lattieri P, Baeyens J (2009) Recycling and recovery routes of plastic solid waste (PSW): A review. Waste Manage 29: 2625-43.
39. Geyer R, Jambeck JR, Law KL (2017) Production, use, and fate of all plastics ever made. Sci Adv 3: e1700782.
40. Yin S, Tuladhar R, Shi F, Combe M, Collister T, Sivakugan N (2015) Use of microplastics fibers in concrete: A review. Constr Build Mater 93: 180-8.
41. Gu L, Ozbakkaloglu T (2016) Use of recycled plastic in Concrete: A review. Waste Manag 51: 19-42.
42. Tritt TM (2019) Thermal Conductivity: Theory, Properties, and Applications. Springer Nature, Basel, Switzerland.
43. Patel R, Patel C, Patel P (2016) A review paper on measurement of thermal conductivity. Journal of Eng Technol Innovative Res 3: 51-3.
44. Maldonado O (1992) Pulsed method for simultaneous measurement of electric thermopower and heat conductivity at low temperature. Cryogenics 32: 908-12.
45. Gustafsson SE (1991) Transient plane source technique for thermal conductivity and thermal diffusivity measurements of solid materials. Rev Sci Instrum 62: 797-804.
46. Pope AL, Zawilski B, Taritt TM (2001) Description of removal sample apparatus for rapid thermal conductivity measurement. Cryogenics 41:725-731.
47. Franco A (2007) An apparatus for routine measurement of thermal conductivity of material for building applications based on transient hot wire method. Appl 
Thermal Eng 27: 2495-504.
48. Zhao D, Qian X, Gu X, Jajja SA,Yang R (2016) Measurement techniques for thermal conductivity and interfacial thermal conductance of bulk and thin materials. 
ASME J Electr package 138: 1-64.
49. Assael MJ, Antoniadis KD, Wakeham WA (2010) A historic evaluation of the transient hot wire technique. Int J Thermophy 31: 1051-72.
50. Abdulagatov IM, Abdulagatov ZZ, Kallaev SN, Bakmaev AG, Rarjitt PG (2015) Thermal diffusivity and heat capacity measurements of sandstone at high 
temperature using laser flash DDC methods. Int J Thermophy 36: 658-91.

https://www.sciencedirect.com/science/article/abs/pii/S0950061809000774?via%3Dihub
\\commonapps02\Networks\USHA\1202\sciencedirect.com\science\article\abs\pii\S0950061812001432?via=ihub
https://www.sciencedirect.com/science/article/abs/pii/S0950061814004437
https://www.infona.pl/resource/bwmeta1.element.elsevier-c581d69f-f552-389b-b83b-ee61adc33b4e
https://www.sciencedirect.com/science/article/abs/pii/S0950061813010817
https://www.sciencedirect.com/science/article/abs/pii/S0950061812004072
https://www.tandfonline.com/doi/abs/10.1080/00914030701551089
https://www.ncbi.nlm.nih.gov/pubmed/30674819
https://www.sciencedirect.com/science/article/abs/pii/S0950061816302756
https://www.sciencedirect.com/science/article/pii/S2352710216300080
https://www.sciencedirect.com/science/article/abs/pii/S0950061808002808?via%3Dihub
https://www.earthisland.org/journal/index.php/articles/entry/recycled_plastic_clothing_solution_or_threat/
https://www.sciencedirect.com/science/article/pii/S004896971834049X
https://onlinelibrary.wiley.com/doi/pdf/10.1002/app.40108
https://www.sciencedirect.com/science/article/abs/pii/S0360132397000292
https://www.sciencedirect.com/science/article/pii/S0921344908000840?via%3Dihub
https://ascelibrary.org/doi/pdf/10.1061/%28ASCE%29MT.1943-5533.0001896
https://www.tandfonline.com/doi/abs/10.1080/23311916.2015.1133480?needAccess=true#aHR0cHM6Ly93d3cudGFuZGZvbmxpbmUuY29tL2RvaS9wZGYvMTAuMTA4MC8yMzMxMTkxNi4yMDE1LjExMzM0ODA/bmVlZEFjY2Vzcz10cnVlQEBAMA==
https://onlinelibrary.wiley.com/doi/pdf/10.1002/pat.3048
https://www.nrcresearchpress.com/doi/10.1139/l06-044#.XjKbxDIzbIU
https://www.tandfonline.com/doi/abs/10.1080/10298436.2015.1088150?journalCode=gpav20
https://www.academia.edu/21582675/RECYCLED_PLASTIC_USED_IN_CONCRETE_PAVER_BLOCK
mailto:https://bit.ly/2RH5Fxc
https://www.sciencedirect.com/science/article/pii/S0956053X06002601
https://www.sciencedirect.com/science/article/pii/S0008884604002169
https://www.tandfonline.com/doi/abs/10.1179/1939787914Y.0000000044?journalCode=yjge20
https://www.tsijournals.com/articles/strength-and-chloride-permeable-properties-of-concrete-with-high-density-polyethylene-wastes.html
https://www.sciencedirect.com/science/article/pii/S0261306913005591
https://www.sciencedirect.com/science/article/abs/pii/S0950061813011963
https://www.sciencedirect.com/science/article/abs/pii/S0950061815002858
https://www.sciencedirect.com/science/article/pii/S0956053X09002190
https://advances.sciencemag.org/content/3/7/e1700782
https://www.academia.edu/14452371/Use_of_macro_plastic_fibres_in_concrete_A_review
https://www.ncbi.nlm.nih.gov/pubmed/26970843
\\commonapps02\Networks\USHA\1202\springer.com\gp\book\9780306483271
http://www.jetir.org/view?paper=JETIR1602011
https://www.sciencedirect.com/science/article/abs/pii/001122759290358H
https://aip.scitation.org/doi/10.1063/1.1142087
http://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.469.4646&rep=rep1&type=pdf
https://www.sciencedirect.com/science/article/abs/pii/S1359431107000786
https://arxiv.org/ftp/arxiv/papers/1605/1605.08469.pdf
https://link.springer.com/article/10.1007/s10765-010-0814-9
https://research.monash.edu/en/publications/thermal-diffusivity-and-heat-capacity-measurements-of-sandstone-a


Annex Publishers | www.annexpublishers.com                    
 

Volume 2 | Issue 1

13           
 

Journal of Waste Resources and Recycling

53. Rebeiz KS (1966) Precast use of polymer concrete using unsaturated polymer resin based on recycled PET waste. Constr Build Mater 10: 215-20.
54. Agyeman S, Obeng-Ahenkora NK, Assiamah S, Twumasi G (2019) Exploiting recycled plastic waste as an alternative binder for paving blocks production. Case 
Stud Constr Mater 11: e00246.
55. Bhogayata AC, Arora NK (2018) Impact strength, permeability and chemical resistance of concrete reinforced with metalized plastic waste fibers. Constr 
Build Mater 161: 254-66.

58. Bulut HA, Sahin RA (2017) A study on mechanical properties of polymer concrete containing electronic plastic waste. Compos Struct 178: 50-2.
59. Akram A, Sasidhar C, Pasha KM (2015) E-waste manage by utilization of E-plastic in concrete mix as coarse aggregate replacement. Int J Innovat Res Sci Eng 
Technol 4: 2915-9.

61. Osei DY (2014) Experimental investigation on recycled plastic as aggregate in concrete. J Innovat Res Sci Eng Technol 3: 168-74.
62. Hannawi K, Kamali-Bernard S, Prince W (2010) Physical and mechanical properties of mortar containing PET and PC waste aggregates. Waste Manag 30: 2312-20.
63. Albano C, Camacho N, Hemandez M, Matheus A, Gutierrez A (2009) Influence of content and particle size of waste bottles on concrete behavior at different 
w/c ratios. Waste Manag 29: 2707-16.
64. Ferreira L, de Brito J, Saikia N (2012) Influence of curing conditions on the mechanical properties of concrete containing recycled plastic aggregates. Constr 
Build Mater 36: 194-204.
65. Choi YW, Moon DJ, Kim YJ, Lachemi M (2009) Characteristics of mortar and concrete containing fine aggregate manufactured from recycled waste polyethylene 
terephthalate bottles. Constr Build Mater 23: 2829-35.
66. Frigione M (2010) Recycling of PTE bottles as fine aggregate in concrete. Waste Manag 30: 1101-6.
67. Silva RV, de Brito J, Saikia N (2013) Influence of curing conditions on the durability-related performance of concrete made with selected plastic waste aggregates. 
Cem Concr Compos 35: 23-31.

69. Coppola B, Courard L, Michel F, Incarmato L, Scarfato P, et al. (2018) Hugro-thermal and durability properties of a highweight mortar made with foamed waste 
aggregates. Constr Build Mater 170: 200-6.
70. Hama SM, Halil NN (2017) Fresh properties of self-compacting concrete with plastic waste as a potential replacement of sand. Int J Sustainable Build Env 6: 299-308.

68. Kumar KS, Baskar K (2015) Recycling of E-plastic waste as a construction material in developing countries. J Mater Cycl Waste Manag 17: 718-24.

60. Islam MJ, Meherier MS, Islam AR (2016) Effect of waste PET as a coarse aggregate on the fresh and harden properties of concrete. Constr Build Mater 125: 946-51.

56. Lakshami R, Nagan S (2011) Investigations on durability characteristic of E-plastic waste incorporated concrete. Asian J Civil Eng 12: 773-87.
57. Rahmani E, Dehestani M, Beygi MHA, Allahyari H, Nikbin IM (2013) On the mechanical properties of concrete containing PET particles. Constr Build Mater 47: 1302-08.

52. Naik TR, Moriconi G (2005) Environmentally friendly durable concrete made with recycled materials for sustainable concrete production. 
51. Dupen B (2018) Applied Strength of Materials for Engineering Technology, Indiana University, Bloomington, Indiana, USA.

Submit your next manuscript to Annex Publishers and 
benefit from:

                                    Submit your manuscript at
              http://www.annexpublishers.com/paper-submission.php

→  Easy online submission process
→  Rapid peer review process

→  Open access: articles available free online
→  Online article availability soon after acceptance for Publication

→  Better discount on subsequent article submission
→  More accessibility of the articles to the readers/researchers within the field

https://www.sciencedirect.com/science/article/abs/pii/0950061895000887
https://www.sciencedirect.com/science/article/pii/S2214509519300452
https://www.sciencedirect.com/science/article/abs/pii/S0950061817323541
https://www.sciencedirect.com/science/article/pii/S0263822317309108
https://pdfs.semanticscholar.org/9143/afc004cc53290d45f61536204d0ca928240c.pdf
http://www.ijscer.com/uploadfile/2015/0421/20150421032556899.pdf
https://www.sciencedirect.com/science/article/pii/S0956053X10001996
https://www.ncbi.nlm.nih.gov/pubmed/19525104
https://www.sciencedirect.com/science/article/abs/pii/S0950061812003479
https://www.sciencedirect.com/science/article/abs/pii/S0950061809000774
https://www.sciencedirect.com/science/article/pii/S0956053X10000735
https://www.sciencedirect.com/science/article/abs/pii/S0958946512001813
https://www.sciencedirect.com/science/article/abs/pii/S0950061818305737
https://www.sciencedirect.com/science/article/pii/S2212609016301145
https://link.springer.com/article/10.1007/s10163-014-0303-5
https://www.tib.eu/en/search/id/elsevier%3Adoi~10.1016%252Fj.conbuildmat.2016.08.128/Effects-of-waste-PET-as-coarse-aggregate-on-the/?tx_tibsearch_search%5Bsearchspace%5D=tn
https://ajce.bhrc.ac.ir/Portals/25/PropertyAgent/2905/Files/6024/773.pdf
https://www.sciencedirect.com/science/article/abs/pii/S095006181300559X
http://www.cbu-uwm.info/Coventry/Naiefd.pdf
https://core.ac.uk/download/pdf/47233878.pdf

