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The concrete industry needs millions of tons of aggregate, comprisinglnsdnds and

grave| each year. A similar notionga be stated ©Onasamaj ofi toyl
contemporary products and equipment in oulydde are made using plasti@nother
resemblance of these two materials is their-bimalegradable chacter, and this raises

plenty of questions to scientists and environmentalists.ulilization of recycled plastic

during the preparation of concretes a partial replacement of natural aggregatsslves

the issues ofafe disposal of waste plastieduces landfill anxiety over environmental

protection and conserves our natural resources for the future.

Theaim of the proposed research wasassess the possibility dfilizing recycled waste
plastic as a partial/full replacement of natural aggregatThe concrete specimens
prepared utilizing recycled plastiogere tested to evalte their mechanical properties

and durability properties

From the experimental data, it is concluded that the mechanical properties decreased with
the increase in the @ac content, the poor bond between the plastic and the cement paste
is the reason for poor mechanical properties of the concrete. The durability of the

concrete was marginally affected due to the incorporation of plastic aggregates. Due to
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the low unit weght and thermal conductivity values of recycled plastic aggregate

concrete, there is a potential of using this concrete in construction applications.
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CHAPTER 1

INTRODUCTION

1.1 BACKGROUND

The global consumption of plastics is over 300 million metric tons per year and the
annual growth over the last five years is estimated at 3.4% [1]. A large portion of plastics,
especially commodity plastics produced in the Middle EadRlastics have been used in

an enormous number of applications, such as packaging, furniture, medical devices,
automotive and industrial components, oil/water treatment industries, land/soil
conservation and flood prevention, traffic lane equipment, electroaterials, aircraft
componentsand other applications. The accumulation of huge volumes of commodity
waste plastics derived from municipal solid waste and other household items has becom
a major waste management issue over the past two decades. The threat of plastic waste
seems to be always growing as it contains several toxic chemicals that pollute soil, air
and water. In the plastic waste stream, polyethylene (HDPE and LDPE) forfasgibst
fraction, followed by PET, PP and PSheTearlier trends, such as lfilcdand incineration

of these notbiodegradable materials createst of pollution and smoke and in the leng

run a worldwide threat to the environment and humanity itself.

Recently, government organizations and various environmental activists are paying a lot

of interest and efforts to recycle polymeric waste materials and exploit them in a manner



that resolves any concern related to the environmental pollution. Recycling tifée
advantages of preservation of available natural resources, reduced labor and riddance of
environmental pollution starting from the petroleum industry until the final disposal of

the product after the use [2].

Research on concrete mixes with reiotat plastics started ithe 1990s like plastic
fibers, plastic resins and very recently plastic aggregates [3]. Recently, concrete has been
identified as an excellent disposal means of several industrial wastes, such as fly ash,
silica fume, oil ash, grouhgranulated blast furnace slag (GGBS) and marble powder
with some improved properties and slight compromise in strength has gained a lot of
attention among researchers and industrialists [4]. There are also few studies in which
raw plastic materials, mdgtin the form of granules, were added to make lightweight
concrete for specific applications [5]. The incorporation of plastics in concrete can have
significant effects in two stagethe first one is during the concrete manufacturing in
which plastic asaggregates affestthe workability. Irregular and porous type plastic
aggregates limit the concrete workability while spherical and smooth aggregates are

likely to improve the workability.

In the second stage, the effects of plastic aggregates on tbhenpmrte of concrete with
respect to its compressive strength, split tersilength and the ductility wadudied. It

was reported that there is a considerable loss in bond strength between the plastic
aggregate and the binding paste and there is a \ifeaikyebetween hydrophobic plastic

and the cementitious matrix that is hydrophilic in nature. The preserdoe ahodulus

plastic material also influencesthe overall strength of the concrete. However, there is

improved abrasiomnd wear resistance due the presence of better abrasion resistant

2



plastic material. The importarsdvantages of plasticased concrete are better energy
efficiency, thermal comfort, anthe ductile material capable of absorbing vibrations or
deformations without losing the intety. This ductile behavior is a significant advantage

to prevent the crack formation and propagation to some extent. The failure mode of
plastic aggregates filled concrete shows the pull out of plastic components rather than
split apart of the natural agggates. The breakdown afconcrete specimen with plastic
aggregates on compressive loading displays a steady failure instead of the classic brittle

failure that is noted with the natural aggregates.

Due to the increasing problem of disposal of wastetiplato explore the possibility of
utilizing them in concrete. Thistudy was conductedo explore the possibility of
utilizing recycled plastic aggregates generated from contgnogaste plastics, in

concrete.

1.2 NEED FOR THE RESEARCH

The disposal of platic waste is a huge challengence there is a lack of recycling
culture. One of the avenues of utilizing the plastic waste is to utilimedncrete. Such

usage is expected to solve the disposal and environmental problems associated with these
materals. In the proposed studylastic fom consumer solid waste wasilized in
concrete. It is expected that the developed plastic concrete will be lighter and have better
thermal insulation properties compared to the conventional concrete. These itvwabesttr

will lead to considerable energy saving and also solve theoshsproblem of the

plastics.



The advantages of recycling plastics are reduced labor cost, continuation of existing
culture of reuse, recycle and reduce to save the natural resourthe foture, create
opportunities for small business, fewer laws and regulations for thetygo#lthe

recycled materiaand lower cost of transportation and processing.

The garbagein Saudi Arabia, collected through individuals and community bins is
disposedof in landfills or dumpsites The wastemanagemensystemin SaudiArabiais

characterizedby the lack of wastedisposalffacilities andabsenc®f tipping fees.

Figure 1 Figure showing waste in KSA.

It is expectedthat mostof the landfills would reachtheir capacitieswithin the next 10
years.Although the concernis increasingowardsthis scenarig the recycling, reuseand

energyrecoveryis still atanearlystage[1]

Therefore a considerable féort is required in improving thevaste management scenario
in the Kingdom.Introduction of modern waste management techniques like material
recovery facilites, wasteo-energy systemsecycling infrastructur@and using the waste

4



in constructioncan siguificantly improve waste management scenario and can also

generate good business opportunities

1.3 OBJECTIVES

The overall objective of this research sao utilize recycled plastics as a partial
substitution of natural aggregates in Portland cement concrete. The specific objectives of

the proposed researalere the following:

I.  Study the effect of the incorporation of recycled plastics as a replacement of
natural aggregates, on the properties of concrete,
II.  Determine the optimum plastic content with regard to concrete properties,
lll.  Evaluate theeffect of surface characteristics of recycled plastics on the properties

of concrete, and

IV. Identify avenues for the ilization of the developed concrete.

1.4 THESIS ORGANISATION

This thesis is organized in a total of 5 chapters. The content of each of these chapters is

explained below.

Chapter 1: In this chapter background, the need of this research and objectives of the

research study are included.



Chapter 2: This chapter provides an overview of the previous studies, the Literature

review related to the subject of this research work.

Chapter 3: This chapter includes the experimental methodology, materials properties, mix

preparation, tests employed, the equipment and procedure for carrying out these tests.

Chapter 4: This chapter describes the results and discussions of the test program.

Chapter 5: This chapter has been dedicated to the conclusions and recommendations

based on the discussion from the previous chapters.



CHAPTER 2

LITERATURE REVIEW

2.1 INTRODUCTION

Plastics are polymers, a very large molecule made up of smaller units called monomers
which are joined together in a chain by a process calidgimerization. The polymers
generally contain carbon and hydrogen with, sometimes, other elements such as oxygen,

nitrogen, &lorine or fluorine [6]

A substantial increasa the production and consumption of plastic all over the globe has
led to huge amount of plastic waste. The mechanical recycling of this plastic waste and
its utilization in concrete or mortar preparation appears as one of the ideal solution for
disposimg the used plastics, because of economic and ecological benefits. Even though,
plastic recycling is universally accepted and promoted, most of the recycled products
cannot be used for the same application due to health issues and sustainability. Hence,
the most efficient and safest way to meet this challenge is to utilize them in products
useful for construction industry. The exponential growth in population, urbanization, and
trade and industry in the Middle Eashag only acceleratinghe consumption ri@s but

also increasing the production rate of all classes of waste. Saudi Arabia along with other
Middle Easern countries comes in the tapn worldwide in terms of per capita solid
waste generation (15 million tons of solid waste in a y&ammore tlan 50 years, global

production of plastic has continued to rise. Some 299 million tons of plastics were



produced in 2013, representing a 4% increase over 2012. Recovery and recycling,
however, remain insufficient, and millions of tons of plastics end ulandfills and

oceans each year [7]

Approximately 1020 million tons of plastic end up in the oceans each year. A recent
study conservatively estimated that 5.25 trillion plastic particles weighing a total of
268,940 tons are currently floatinginthewat 6 s oceans. This pl ast.i
estimated $13 billion a year in losses from damage to marine ecosystems, including
financial losses to fisheries and tourism as well as time spent cleaning beaches. Animals
such as seabirds, whales, and daiphcan become entangled in plastic matter, and
floating plastic item& such as discarded nets, docks, and Boa#s transport microbes,
algae, invertebrates, and fish into rfwative regions, affecting the local ecosystems.
Businesses and consumers couldréase their participation e collection in order to

move plastic waste toward a recovery supply chain, and companies could switch to
greater use of recycled plastics. Governments must regulate the plastic supply chain to
encourage and monitor recyajinThe mechanical recycling of this plastic waste and its
utilization in concrete or mortar preparation appears as one of the ideal sofotion
disposingof the used plastics, because of economic and ecological benefits. Even though
plastic recycling isuniversally accepted and promoted, most of the recycled products
cannot be used for the same application due to health issues and sustainability. Hence,
the most efficient and safest way to meet this challenge is to utilize them in products
useful forthe construction industry. The exponential growth in population, urbanization,
and trade and industry in the Middle Eashat only acceleratinghe consumption rates

but also increasing the production rate of all classes of waste. Saudi Arabia along with



other Middle Eastrn countries comes in the tdapn worldwide in terms of per capita

solid waste generation (15 million tons of solid waste in a year).

2.2 TYPES AND USES OF PLASTICS

Plastics are classified according to the basis of the polymer, from wiagghate made.
The types of plastics that are most commonly reprocessed are polyethylene (PE),
polypropylene (PP), polyethylene terephthalate (PET), polystyrene (PS), bwihylo

chloride (PVC). Tabld details the types and uses of plastic and recydéestiq

Table 1: Types and uses of plagts and recycled plastics, [6]

Type of plastic | Description Some uses for virgin | Some uses for
plastic recycled plastic
Polyethylene Clear tough plastic| Soft drink and mineral Cl ear y I m
terephthalate may be used as a | water bottles packaging, carpet
(PET) yber ybers, pe
Low-density Sof t, p e xLidsoficecream Film for builders,
polyethylene plastic, milky containers, garbage | industry, packaging
(LDPE) white, unless a bags, and garbage birl and plant nurseries

pigment is added

High-density Very common Crinkly shopping Compost bins,

polyethylene plastic, usually bags, freezer bags, ar detergent bottles,

(HDPE) white or colored milk crates, and mobile
rubbish bins




Unplasticised

Polyvinyl
chloride (UPVC)

Hard rigid plastic,
may be clear

Clear cordial, juice
bottles, plumbing
pi pes and

Detergent bottles,
tiles, and plumbing

pi pe ytti

Plasticized

Polyvinyl
chloride (PPVC)

Flexible, clear,
elastic Plastic

Gaden hose, shoe
soles, blood bags and
tubing

Hose inner core, ang
i ndustri a

Polypropylene
(PP)

Har d, but

plastic

Ice-cream containers,
potato crisp bags,
stools anathairs

Compost bins, kerb
side recycling crates
and worm factories

Polystyrene (PS)

Rigid, brittle

cheap, transparent

Clothes pegs, coat

plastic. May be kitchen ware, light hangers, and
clear, glassy fittings, bottles, toys, | video/CD boxes
and food containers
Polyester (EPS) | Foamed, Hot drink cups, and | spools, rulers, and

lightweight, energy|
absorbing, and
thermal insulation

takeawayfood
containers

video/CD boxes

Polyamides (PA)

Nylons

fibers, toothbrush
bristles, and fishing
lines

2.3 PREVIOUS STUDIES RELATED TO USING RECYCLED
PLASTIC AS AGGREGATE

The pastic aggregate®f the waste plasticised in many studiewere obtainedfrom

various sourcessuch asplastic bottlesgroundin the laboratory by using a grinding

machine and then sieved to get the suitaite fraction [8]or collecting the plastic
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aggregates fronthe commercial industriewhich manufacturs the plastic products by

recycling the useglastic.

The utilization of plastic waste from various commodities in the concrete manufacturing
sector is an attractive and safe mode of disptisal can resolvethe majority of

environmental issues caused by polynjér&1].

The partial replacement of natural aggregates using recycled thermoplastic wastes
reduces the weight of the concrete due to very low specific gravity of recycled piastics
compaison withthe natural aggregates. The advantages of lightweight concrete include:
the reduction in foundation size, greater design flexibiltgduced deadoad of the
structure, improved dynamic loading response, longer and thinner sections, smaller siz
structural components, less reinforcstgel and feweconstruction costs. Another major
change that occurs in the concrete due to the additievasfe plastias the enhanced
thermal insulation that seems to tiee prime criteria for energy savinm building
construction[12]. However, the corrosion resistance of concrete is hardly changed due to

the presence of plastic waste even under aggressive envirdd3ient

The introduction of plastic waste as a replacement of fine aggregate also provexhto be
effective approach to arrest the propagation of micro cracks generated in cfidrete
However, it is noted that the workability has been decreased to some extent. The
thermosetting plastic wastieatcannot be processed by thermadycling may be sed as
admixture in the concrete formulatidimat meets most of the requirements for Hoad

bearing lightweight concrete applicatidi$].
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There are few studies to understand the effect of polymer waste material in the concrete

or construction materiagither as a binder or ageinforcing/nonreinforcing filler[16].

Saikia and de Brit¢17] published a detailed review article on the use of plastic waste as
an alternatedr natural aggregates in concrete. It was reported that the size and shape of
plastic aggregates significantly affected the workability of concrete and the density of the
whole concrete decreased when the plastic comtasincreased. The incorporation of
plastic aggregates in the concrete usually reduced the compressive swéiigtihe
flexural and tensile splitting strength were little affected. They reported that concrete may
have improved ductility and the tendency to generate crack under mechanatiag|

[17]. The lower thermal conductivity of the plastic waste aggregate significantly reduced
the heat ermmgy consumption of the buildingith less heat loss during the winter and less
heat gain during summégt7]. The same research group evaluatedetfiect of waste
plastic on the mechanical properties of concrete under different curing con§li@pnk

was reported that increasitige quantity and size of the plastic decreased the strength
properties (compressive and splitting tensile) and modafuslasticity of concrete.
However, they reported enhanced wear resistance against abrasion of concrete with

plastic.

Mahdi et al.[19] used depolymerized PET plastic waste as a binder instead of OPC to
prepare polymemortar and polymer concrete atite presence of a suitable initiator in

the mixture led to crosslinking and hence strong polymer concrete. The recycled plastics
(commodity plastics like PE, PP and PVC), when used as lightweight coarse aggregates,
as areplacement for natural coarse aggregatater the thermal properties of the
buildings.

12



Almost a decade ago, Elzafraney et[20] conducted energy saving analysisadfouse

built of recycled mixed plastic waste as aggregates in concrete. They observed that the
building made of recycled pc incorporated concretxhibited higher levels of energy
saving and comforcompared with the standard concrete building. The presence of
recycled plastic in concrete lowered the heating and cooling effects largely. However, the
loading levels of thesmert aggregates in the concrete nagre limited for the partial
replacement of aggregates duetubstantial reduction in the compressive strefi2fh

21].

Ghernouti andRabehi[22] investigated the strength properties of mortars incorporating
plastic bag wastes as fine aggregatébey reported that the replacement of fine sand
with granules of plastic bag wastes in mortar slows down the penetration of chloride ions

and improves the behavior of mortars in acidic medium and sensitivity to cracking.

Regy/cled plastic waste particles obtained from PET bottles were successfully used as a
replacement of natural aggregates in concrete without suffering much reduction in
strength characteristics and several studies were carried out on polymer concrete based on

waste PET aanaggregate replacemd3].

Rebeiz [24] reported about the preparation anbaracterization of reinforced and
unreinforced recycled PET wadtased polymer concrete. It was reported that low
viscosity and good wetting property of the rewiith the aggregates were crucial fastor

for the workability of concrete. It was reported that the developed polymer concrete could
be utilized for precast purposes, such as utility components, machine bases, building

components and transporting compadsen
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Fraternali et al[25] reported about the mechanical properties of recycled PET fiber
reinforced concrete and its durability in an aggressive seawater environment. It was
reported that in comparison with the-aured concrete with PET fiber reinforcent, the
seawater cured specimens demonstrated slightly improved compressive strength and
delayed the firstrack strength, whereas there was marked reduction in the energy

absorption capacity.

Correia et al[26] investigated the performance of concrptepared using PET plastic

waste as aggregates when subjected to high temperature, in terms of thermal response and
residual mechanical properties. The replacement of natural aggregates with plastic waste
was fixedbetween7.5 and 15.0 wt%. The thermalreatment of the concrete up to 800°C
caused higher temperature development in plastic waste based concrete compared to
normal concrete. It was observed that the thermal decomposition of the organic plastic
waste material produced additional heat and #ggatlation of plastic in the concrete mix

createdh highly porous structure.

lucolano et al[27] optimized the plastic waste substitution in the mortar composition and
analyzed the overall performance in terms of physical, mechanical and thermal
properties. The experimental mortars demonstrated a strong potential as a base of green
building material,adding to the typical qualities of a natural hydraulic lime, a low cost
and widely available material with excellent characteristics. More importantly, these
composite mortars have exhibitadhermal conductivity of less than 50% compared to

that of tradiional mortar. As a@ntinuation of the above study.
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Liguori et al. [28] investigated the interaction mechanism between recycled plastic
aggregates and lime matrix in composite mortars by means of thermal, morphological
and Fourier Transform Infrared Spesdcopy (FTIR) analyses. Plastic aggregates made
of polyolefin and polyethylene terephthalate (PET), acquired from an industrial waste
through recycling process were incorporated to prepare the concreteoiip®site
mortar specimens were preparbgl subsituting the silica powder with 20Q0% of
recycled plastic powder. They reported a superior chemical interaction between the
plastic aggregate and mortar, involving a reduction of the negative effects on
characteristic properties of the mortar composiesh as thermalegradation and fire
retardanteven without any chemical modification. All the specimens showed a scarce
sensitivity to oO0flashoveré, and hence <can

applications.

Alessandro et al[29] studied the properties of lightweight concrete containing small
sized granules of waste plastics of electrical wires. The incorporation of polymeris waste
in the concretenix showed promising acoustic and thermal (lower thermal conductivity)
performance. The structural properties suggested ttase lightweight concretesuld

be easily used in flooring. The partial replacement of sand aggregates by glass fiber
reinforced polymer waste material into polyester based mortars improved the flexural and
compressie strengtl{30]. The optimum amount of the waste aggregates in the mortars
for the maximum mechanical properties varied with resfuettie size of the aggregates.
Disposal of waste rubber tire in the surroundings is a serious environmental ptioalem
needs to be tackled effectively by utilizing them in concrete sector specifically fer non

structural applicationf31].
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Sadek and EAttar [32] developed solid cement bricks using recycled scrap tire rubber as
aggregates (@00% and €0%; coarse and fineggregates, respectively) and evaluated
their structural behavior in masonry walls under compression. It was reported that the
size and the content of rubber have a significant impact on the properties of the bricks

and subsequently on the structural bétwasf the masonry walls.

A recent study by Yousk et al. [33] demonstrated the effective utilization of crumb
rubber in concrete prepared with the addition of fiteénforced polymer (FRP). The
addition of FRP could compensate the reduction in compeestiength considerably,
while the ductile character imparted by crumb rubber was well retained. Theseftype
concretes are well suited for structural applications that are subjected to seismic loads
where ductility, damping ratio and energy dissipatdlemands are more critical than
strength. The abrasive wear of concrete in hydraulic structures can be efficiently
prevented by using modifying the concrete using rubber particle as aggregates
(granulated rubber concrete). Partial replacement of fing eggregates with rubber
granules (5 wt.%) improved the hydabrasive resistance. There was an increase in the
ductility even though there wasreduction in the compressive and flexural strength and
modulus of elasticity{34]. The surface coating of theubber crumb using limestone
powder andhe concrete formulation usirggsmall percentage of silica fume as partial
replacement of the binder made a mechanically strong concrete, otherwise a low strength
concrete due to the introduction of soft and weakigracted rubber crumb. The surface
resistivity and the resistance against chloride penetration are also improved for the

modified concret¢35].
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The incorporation of super plasticizer (2 wt.%) to the concrete mix containing glass fiber
reinforced polymemwaste powder (15 wt.%) as filler was able to increase the strength
properties (compressive and split tensile strength). The optimum dosage and
characteristics properties of the waste powder have a considerable effect on the final
properties ofconcrete.The environmental viability of such concrete netalbe studied
further to analyze its durability and stability under different environni86t. In
addition, the introduction of a super plasticizer significantly improved the workability
(10-15%) of the cacrete that was otherwise reduced due to partial replacement of fine

sand aggregates with waste plastic flql8a3.

Laukaitis et al[38] prepared lightweight thermimsulating concrete containing crushed
polystyrene (PS) waste and spherical blown PSava3tey used a 0.2% sulfonyl and
0.02% glue hydro solution in order to enhance the adhesion between the PS granules and
the cement paste. It was reported that the compressive strength of the concrete in the
range of 150170 kg/cnf while the coefficient of thermal conductivity between 0.06 and

0.0.64 W/m K.

Mounanga et all39] reported that concrete containing polyurethane (PU) wastes (a low

thermal conductive material) from insulation panels showed very low compressive

strength beause of the weak and porous PU particles as aggregates. The drying
shrinkage also increases with increasing polymeric waste content in the concrete mix.
The use of presoaked polyurethane wastes and a high water/cement ratio (> 0.5) was
accountable for # high porosity causing significant reduction in the compressive

strength{40]. This can be overcome by using a low w/c ratio.
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Cheng et al. [4]lstudied the role of expanded polystyrene content on the failure mode,
stressstrain relationship anchodulusof elasticity of lightweight concrete (900 kgfn
under uniaxial loading. The lightweight concrete exhibited good compressibility in the
compressionfailure. In addition, oblique cracks appear in the case of uniaxial
compression specimens; the lower tlemgty was, the smaller thettdngle of oblique
cracks. The tsessstrain curve of the concrete withdensity of more than 422 kglm
maintained a straigline relationship on ascending segment but varied with the density
on the descending segment. H®iastic modulus was proportional to 5.85 times the index

of relative density.

Sevignél t od2lz 6i[n h i s PlpsticoMasteaexdver@ontributionto greenhouse
gas ( GHG) s a vthenegvironmental Spsaquandes of different alternatives
were quantifiedo evaluate opportunities and limitatiofs selecing the best and most
feasible plastic waste recovery option animize the GHG emissionsThe study
focused on Spain as a representative cguiotr Europe. He concludethat the waste
management is dependent on the quality of the recovered plastic in imptbeing

resource efficiency and avoidimgore GHG emissions

Al g a h t]anrhis te¢edt Brvestigation on Lightweight Concrete Containing Recycled
Plastic Aggregates, where he ingorated Concrete with Recycled Plastic Aggregate as
Coarse aggregate with red sand as a fifarmdthat 100% replacement of conventional
Lightweight aggregate (LWA) with recycled plastic aggregate (RPA) showed about 13%
reduction in chloride penetratiorCompressive strength was reduced; however, the
achieved strength was between 12 and 15 MPa which is useful festmuotural

elementssuch agpavementslow side buildingwork, cementitious backfill, and others.
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Cor i n a4 ich a eeceid ptudy on ghtweight pasters containing plastic wasteith
100%replacement ofaw materialsramely natural sand and limestdnewasteparticles
such agolyethylene terephthalate (PEBNd pulverized Glass Fiber Reinforce@d$Ric
(GFRP) Additionally, wasteparticleslike PET and wood waste (WWWere combined to
enhance théunctional properties of plasteby adding silica fumewhich is a furthean
industrial byproduct. REirther even cement was replaced fully in somextures by a
combination of lime andhydraulic limeto furtherenhancehe carbon footprint of these
plasters.Finally, in the optimization process, environmentdiiendly plasterswere
obtained with 100%eplacement of raw materials by waste partjckdsich provedo be

energy efficient.

S h a r 4f]gphblished a detailed review article timee wse of different forms of waste
plastic in concrete. It was reported that the direct inclusion of plastic in concrete does not
effectively improve the strength of concrete. However, it is useful &b plastic surfaces

with reactive materials, such as iron slag, silica fume, and metakaolin. In this case, the
treated surface will react with the matrix and produce additional pozzolanic reactions. It
was also found that Workability of concrete containivaste plastic begins to decrease

as the amount of waste plastic increagefdition of plastics in concrete, compressive
strength of the concrete decreases. However, by using suitable mineral adnjid@lires
and chemically treated plastic such as alkabieach treatmentbleach ofNaOH) the
performance of plastic fiber reinforced concrete can improdereover, adition of
limited percentages of plastic in concrete has resulted in small improvements in the
tensile strength ofoncrete The increments akensile strength improvement result from

the bridging actions of the fibers in the concrete.
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Further it wasreportedthat the flexural strength of concrete improves with the addition

of plastic fibers in concrete. The plastic in concrete works like & emaester during the
propagation offte crack Hence, improvements in ductility are also observed in concrete
that is reinforced with plastic fiber relative to conventional concrete. The modulus of
elasticity of plastic fiber reinforced concrete decreasethe plastic content increases in

arny form [47]. It was Concluded that mixing fibers in concrete is one major problem in
the production of fiber reinforced concrete. The properties of concrete vary as the plastic
fiber content in concrete varies. Thusture research should focus on establishing a
method for mixing plastic fiber in concrete, the shape of plastic fibers, the specified
aspect ratios of plastic fibers, and the surface properties of plastic fibers so that the fibers
adhered to the concreteix. Plastic fiber reinforced concrete can be used for structures
that are not subjected to heavy loads, such as park benches and stone curb. This can lead

to reduce the amount of waste plastic.

Even though some research, discussed earlier, has been tedndurc tle use of
properties of concreténcorporating plastics, much work needs to d@ne in this
direction. In particular, the use of waste plastics to develop lightweight thermal resistant
concrete needs to be studiebevelopment of lightweight conetre will result in

econanic and environmental benefits.
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CHAPTER 3

METHODOLOGY OF RESEARCH

3.1 INTRODUCTION

This Chapter includes the experimental program and the constituent materials used to
investigate the potential usefulness of using recycled plastic waste as a partial/ full

replacement of coarse aggregate in the concrete.

The effects of recycled plasticaste on diffeent properties of concrete westudied in
the experimental program by the addition of different types of recycled plastic with

variousmix proportions othe concrete.

The laboratory study consistefltests for both mechanical and durdbifproperties. The
tests for mechanical properties inclddelensity (unit weight),compressive strength,
flexural strength, modulus of elasticitpond strength, thermal conductivitshear and
flexural behavior of the reinforced concrete with recyclesiit aggregate3he tests for
the durability properties include water absorption rapid chloride permeability,
reinforcement corrosion potential, wet/dry exposure, heat/cool exposuredrgim

shrinkage. The test procedures, details and equipuseko asgss oncrete properties

are detagd in the following sections.

21



3.2 MATERIALS

The materials used in the test program includinaryportland cement, naturabarse
aggregate, sand, water, superplasticen®il recycledolastic. Material propertiesre as

follows:

3.2.1 CEMENT
Ordinary Portland cement conforming to ASTM C 150 Type I, with a specific gravity of
3.15 was used in all the concrete mixturBlse cement was obtained from locahwent

suppliersand kept iradry location. The cement sample is shownFigure 2

Figure 2: Cement used

3.2.2 WATER
Potable ap water, without any salts or chemicals was used ithalkoncrete mixtures

and in the curing of specimens.
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3.2.3 AGGREGATES
Two main categoriesof aggregate were usedparse and fine aggregates;cording to

ASTM C33 for aggregate classification.

3.2.3.1 COARSE AGGREGATE

Locally available crushed limestone coarse aggregate was used in this study. The
maximum nominal size dhe coase aggregate wa3/8in, followed by 3/ 16 in (#4) and

3/ 32 in (# 8) size, with specific gravity of 2.6 and SSDewaibsorption of 1.1%. Figure

3, shows samples of various types of naturahrse aggre@es that were used for

preparingthe concrete mixes

(a) b) cl
Figure 3: Coarse Aggregates, (a) Siz&lo. 3/8(b) Size No. 4(c) Size No. 8

3.2.3.2 FINE AGGREGATE
Locally available dune sand wigtfineness modulus of 1.01, specific gravity of 2.56 a
SSD water absorption of 0.6% was used as fine aggrelgagere 4,shows the fine

aggregates @sl in the studyThegrading for this sand is given inable2.
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A

Figure 4: Fine aggregate

Table 2: Fine aggregate grading.

SieveOpening, mm Cumulative % Retained
4.75 0
2.4 0
1.2 0
0.6 3.8
0.3 38.6
0.15 78.1
0.075 99.0

3.2.4 SUPERPLASTICIZER

Plasticizers are usually used torease the workability of the concretglenium 51 a
polycarboxylic ether (PCE)was used toobtain the desired workability. This
superplasticizedoes not contain chlorides amdmplies with AS 1478.1 2000 Type
HWR and ASTM C 494 Types A and F. The spiectfravity of Glenium 51 wa 1.095

kg/L with 65% water content by weight.
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3.2.5 RECYCLED PLASTIC AGGREGATES

In this study, the recycled waste plastic aggregates were collected fomal aecycling
industry. The processing of the waste plastic in the industry includes colle€ttbe o
waste plastic, separatiddased on their nature atype then they are melted to form large
solid blockswhich are again crushed into small piecesubiyng different cutting blades.
These small shaped particles in the range -o0® mm size are further processed to
prepare the flat plastic sheets. The plastics used in this research :iticudellectionof
crushed plastic particles dafifferent shapg andtypes. They were lassified as white
granules, fiberblack flakes and white flake§he recycled plastic waste has a specific
gravity of 0.95 and SSD water absorption is @Bgure 5, shows the various types of

recycle plastic aggregates used i study.

(a) Granules shape Recycled plastic (b) Fiber shape Recycled plastic
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(¢) Black Flakes shape Recycled plastic (d) White Flakes Shape Recycled plastic

(e) Rough Flakes Shape Recycled plastic

Figure 5:Different types of Recycled plastic aggregates

3.3 MIX PREPARATION

The mix proportions were prepared according to ACL.2. As a part of trlaseveal
different mixes were preparedth variables such as cement content, water/ cement ratio,

CA/ TA ratio, FA/ TA ratio, plastt proportions and admixture, as shown below:
Cement content(kg/fit 350, 370, 400

Water/ cementratio 0.45,0.4
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CA/ TA: 0.6,0.5,0.55,0.4

Recycled plastic type GranulesFibers Flakes

Recycled plastic conter25%, 50%, 75%, 100%.

Admixture 0.8%, 1.0%, 1.6%, 2.0%

A total o 50 different mixes were preparéd study the behavior of recycled plastic
waste The trial mixes werepreparedio determine the optimum gdtic content, coarse
aggregate to fine aggregate ratio, optimum admixture content to @btankable mix

with desirable strength and other parameters of lthbtweight concrete After
conducting several ilis some specific mixes werelseted based on the workability,

filling ability, unit weightand compresses strengthFinally, 18 mixes were selected for

the detaiéd study which includedrepacing three types ofecycled plastic wastat
different plastic contertbasedupon their workbility criteria and six reinforced concrete
beams were prepared to study the shear and flexure behavior considering only one type of

recycled plastici.e. flakes withone mix design and at three different replacement levels.

A single mix consistedf three samples for compressive strength test, three samples for
unit weight, three samples for modulus of elasticity test, three samples for bond strength
test, three samples for water absorption test, three samples for chloride permeability test,
three sampke for flexural strength test, three samples for reinforcement corrosion
monitoring, six samples for wet/dry exposure test(three for 3tmsoand three for 6
months), threesample for thermal conductivity and three samples for drying shrinkage

test.
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A conventional bladetype concrete mixture was used for the preparation of the mix,

according to ASTM C 192.

The mixing procedure adopted is as follows:

1 All the raw materials we weighted according tdhvé¢ mix design, the total water
was dvided into two partspne part wa mixed with tle admixture and the other
half was kept unaltered.

1 First coarse aggregate svadded to the mixture, then recycled plaatigregate
andfine aggregates were added and the mixture was allowed to mix uniformly

1 Then cement waaddé and the migrwas allowed to rotatéor two minutes and
then water was added, then the mixtures watated for a while and then the
remaining water with admixture waadded andconcrete was mixedor 5

minutes.

3.4 MIX PROPORTIONS
A total of 18 concrete mig s ( M1, M2, M3, M dontainiMd four M6 é .

percentages of the recycled gtia aggregatewith two different concrete mix designs

were prepare in this study. The detaitsf the concrete mixes ashiown in theTable3.

Table 3: weights of ingredients in the mixture investigated.

Mix Cement | W/C C.AT. A Super P.| Recycled | Plastic %
(kg/m®) plastic type

M1 350 0.45 0.4 1.6 Granules 25

M2 370 0.4 0.4 1.6 Granules 25
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M3 350 0.45 0.4 1.6 Granules 50
M4 370 0.4 0.4 1.6 Granules 50
M5 350 0.45 0.4 1.6 Granules 75
M6 370 0.4 0.4 1.6 Granules 75
M7 350 0.45 0.4 1.6 Granules 100
M8 370 0.4 0.4 1.6 Granules 100
M9 350 0.45 0.4 1.6 Fibers 25
M10 370 04 04 1.6 Fibers 25
M11 350 0.45 0.4 1.6 Fibers 50
M12 370 0.4 0.4 1.6 Fibers 50
M13 350 0.45 04 1.6 Flakes 25
M14 370 0.4 0.4 1.6 Flakes 25
M15 350 0.45 0.4 1.6 Flakes 50
M16 370 0.4 0.4 1.6 Flakes 50
M17 350 0.45 0.4 1.6 Flakes 75
M18 370 0.4 0.4 1.6 Flakes 75

The composition of the various constituents in the concreteuanenarizedn Table4:
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Table 4: Composition of different ingredients in the concrete

Mix | Cement| Water | Coarse agg| Recycled Fine Admixture
(kg) (liters) (kg) plastic agg.| aggregates (ml)
(kg) (kg)
M1 14. 9 7. 2 20. 6 6. 88 41 . 2 200
M2 15. § 6. 8 20. 7 6.91 41 . 4 211
M3 12.4¢ 5.9 10. 1 10. 1 30. 3 168.
M4 15. § 6.6 12.0 12.0 36.1 211
M5 14. 9 6.9 5. 32 15.9 31. 9 200
M6 14. (¢ 5. 8 4. 73 14. 2 28. 4 187
M7 14. ¢ 6. 4 0 17.9 26. 8 187
M8 14.§ 6.1 0 18. 0 27.0 198
M9 14. ¢ 6.7 19. 3 6. 46 38. 7 187
M10 14. 8§ 6. 3 19. 4 6. 48 38. 9 198
M11 14. (¢ 6.6 11. 2 11. 2 33.7 187
M12 14. 8§ 6. 2 11. 3 11. 3 33.9 198
M13 14. ¢ 6.7 19. 3 6. 46 38. 7 187
M14 | 14. 8§ 6. 3 19. 4 6. 48 38.9 198
M15 14. ¢ 6.6 11. 2 11. 2 33. 7 187
M16 14. 8§ 6. 2 11. 3 11. 3 33.9 198
M17 14. ¢ 6.5 4. 99 14.9 29. 9 187
M18 14.§ 6.1 5.01 15.0 30.0 198
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3.5 EXPERIMENTAL PROGRAM

This study includedhe development of light weight and thermal resistant concrete with
the use of recycled plastic as a partial/full substitution of coarse aggregate. The influence
of recycled plastic on concrete propertiwas studied by preparing several concrete
mixes involving different amount and shape of recgclRET plastic. In this work, three
differentsizes of recycled plastigere sed in concrete mixes. These three sizes included

granules, fiberandflakes

For the testing program, a series of standard tests were conducted with variable amounts

of recycled plastiaggregate as follow:

1 To evaluate the effect of recycled plastiggregate on compressiveesngth of
concreteatotal of 54(100x100x100 mm) conete cubes werprepared

1 To see the effect of recycled plastaggregate offiexural strength of concretea
total of 54(50x 50 x Z0mm)concretgprisms wergrepared

1 A total of 54 (75 x 150mm) ¢ylinders were prepared to evaluate the modulus of
elastigty of the concrete developed with the wdeecycled plastic aggregate.

1 To determine the bond stigth of the concretea total of 54 (150 x 150x 150
mm) concrete cubes wepeepared.

1 To determine the chloride permeadtyilof the concretea total of 18(100 x 200
mm) concrete cylinders weaepared

1 To evaluate the refarcement corrosiona total of 54(75 x 150 mm) concrete

cylinders wererepared.
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1 To measurarying shrinkage, a total of 550 x 50 x 250 mm) concrete prisms
were prepared

1 To evalatethe unit weight, total of 5475 x 150 mm) concrete cylinders were
prepared.

1 To determine the water absaget of the concrete, total of 545 x 150 mn)
concrete cylinders were prepared

1 To measure the thmal conductivity, a total of 5450 x 20 mm) concte
cylindrical disks were prepared

1 To study the wet/drgxposure cycles, a total of 1080 x 50 x 50 mm) concrete
cubes were prepared

1 To study the heat/co@xposure cycles, a total of 10&0 x 50 x 50 mm) concrete

cubes were prepad.

3.6 EQUIPMENT AND TESTING PROCEDURE

The laboratory testing includede mechanical and durability properties of dexeloped
concrete. The tests for mechanical properties inductempressivestrength, flexural
strength, modulus of elasticity, bond stg¢gh unit weightandthermal conductivity The

durability properties include water absorptign rapid chloride permeability,

reinforcement corrosion, wet / dry exposure, heat / cool expasdidrying shrinkage.
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3.6.1 MECHANICAL PROPERTIES

3.6.1.1 DENSITY (UNIT WEIGHT )

Concrete specimen§g5 mm dianeter and 1®mm high were preparedfor the
determinatn of wit weight. A total of 54 concrete specimens were prepavritd
different plastic proportions and various types of recycled plastic. Each mix consists of

threesamples and the average of the three were considered as the unit weight of the mix.

3.6.1.2 COMPRESSIVE STRENGTH

Fifty-four cubic specimens100mm x 100 mm x 100 mjrwere preparefor conductng
the compressive strengttiree for each plastic tyggranulesfibers, flakes) with various
proportions of recycleglastic 5%, 50%, 75% and 100%and two different cenrg
content (350 an870kg/m®) and wi/c ratio (0.45 and Q.4The compessive strengtivas
determined according tASTM C109 The compressive strength @ichmix was taken
as the average strength of three cuBegigital compression testing machinrdATEST)
wasused to test the specimeafier 28 days of water curing. Figueshows the 3000
KN capacity compression testingaoghine (MATEST) utilized to test the recycled plastic

corcrete specimens in compression.
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Figure 6: Compression testing machine for concrete samples

After 24 hours, cube specimens weetrievedfrom forms and stored in water (oo
phase) up to the time of test. Before testitigey were air dried for one dayThe
compressive strength of the speame 0 ¢ o mp (calaulated Byadjvidingtha s
maximum load carried by the cube specimen during the test by thesexigmal eea of

the specimen.

3.6.1.3 MODULUS OF ELASTICITY

As specified in ASTM C 469 standard test method for static modulus of elasticity and

poi ssonbs ratio of concrete in compression
strain curve up to 40 percent of thkimate compressive strength (04) fwas used to

determine the modulus of elasticity. Three 75 mm x 150 mm concrete cylinders were
utilized for each mixto determine the modulus of stecity. The test setup includes

specially designed @& deformaton gauge shown inigure 7. The two parallel rings are
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both rigidly attached to the cylinder with air8 gauge length between the attachment

points.

Figure 7: Modulus of Elasticity test setup

The lower ring holds two LVDTs whosends bear on the upper ring. Thus, the axial
deformation of the cylinder can be accurately measured from initiation of loading through
failure. The load and the output from the three LVDTs were digitally recorded throughout
the test using a data Iggr. The setup is shown in thegare 7. The testing of each
cylinder was completed in a single constant load application from start to failure. In this
test program, proper seating of the cylinder could be assured by monitoring the load
deformation response dng the test. The modulus of elasticity was calculated based on
the average LVDT based deformation measurements and the load reading. Figure

shows the cylindrical concrete specimens after their testing
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3.6.1.4 FLEXURAL STRENGTH

The standard foupoint flexurd test to detrmine the modulus of ruptureMQOR)
according to ASTM C 78 is the most common method for obtaining flexural tensile
strength. The flexural strengthof concrete specimensas determired by the use of

simple beam (50 x®x 250)mm. The test sefp is shown in gure8.

The test method for conducting the test usually involves a specified test fixture on a
universal testingnachine. The specimas placed on two supporting pins a set distance
apart and two loading pins placed at an equal distarména@ the center. These two

loadings are lowered from above at a constant rate until sample failure.

Figure 8: Flexural strength test setup
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Figure 9: Data logger for recording the reading of the test

The flexural strength of the beamascalculated by using the following equation:

Flexural Strength (MPa) = y
Where:

F: Maximum applied load (N);

L: Support span (mm);

b: Width of the tested beam (mm);

d: Depth of the tested beam (mm).

Typical failure images of the tested concrete prisms:
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Figure 10: Typical images of thespecimens tested iflexure

3.6.1.5 BOND STRENGTH

The bond strength israeasure of the effectiveness of the grip between concrete and steel
and has no standard quantitative definition. In pull out tests on plain bars, the maximum
load generally represents the bond strength that can be developed between concrete and
steel. Wih plain bars the maximum load is not very different from the load at the first
visible slip, but in the case of deformed bar, the maximum loadcoragspondo a large

slip which may not be obtained in practice before other types of failure occur. It is
preferable thereforethatwhen comparing plain and deformed bars to determine not only
the maximum load but also the load at the arbitrary amount of slip and also plot the
complete load slip curves for the plain and deformed bars under comparison. One such
basis of comparison is the load at a relative movement (slip) between steel and concrete
of 0.125 mm at the free end of the bar in a-pull test.Figure 11, shows the specimens
prepared for the bond strengtfigure 12, shows the experimental setopletermine the

bond strength and Figure 13, shows the specimen preparation for the bond strength test.
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Figure 11:Bond Strength specimens

The pultout test was performed usingl®0 KN universal testing machine. The test
specinens were cured for 28 dayReinforced concrete cubes of 150 mm 0 Ibm X
150 mm wee used for this test. Three LVDTwere attached one at the bottom of the
cube fixed to the bottom of the steel bar and the othemteve fixed on the surface of
the concete. A constant loatvas applied at an interval of 0.5 KNhe load and the

output from the three LVDTs were recorded throughout the test using a data logger.

Figure 12: Bond test setup
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Figure 13: Specimen preparation for the bond strength.

3.6.1.6 THERMAL CONDUCTIVITY

Sixty cylindrical specimens measuring 50mm in diameter and 20mmvggh prepared

to conduct the thermal conductivity test. FOX 50 Heat Flow Meter instrument was used
for measuringthe thermal conductivity according to ASTM C518 and ISO 8301. The
FOX 50 provides rapid results in a compadaitfwint. This equipment (Figure 14§ an

ideal choice for measurements of medicomductivity materials such as plastics,

ceramics, glasses, compesi, concrete and more.

Three samplefom each mix were tested. Measurements were taken on the both faces of
a specimen and average of the two readingsceasidered as the reading for one sample
andaverage of three samples wamsidered as the readipgr mix. Figure 15 shows a

batch of specimens used to determine the thermal conductivity.

The instrument nearly takes an hour to maintain a stable temperature among the plates

and directly gives the value of K (Lambda), the thermal conductivity.
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Figure 14: Thermal conductivity testing machine

Figure 15: Concrete samples used to determine thé@érmal conductivity.

3.6.1.7 SHEAR AND FLEXURAL BEHAVIOR OF RCC BEAMS

A total of six reinforced concrete beams weareepared with the recycled plastic
aggregate three designetb fail in shearand the other three designed for flexural failure
The specimens were prepared wWith, 25% and 50% recycled plastik cement content
of 370 kg/n? and water/cement ratio of Owas considered fahese specimendhe size
of beam designed for shear failure svA10x180mm and th&ze for the flexural failure

was 110x 130mm. Both the beams were of same length 700 mm. The type of
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recycled plastic aggregate used ilakes andthe beams were curddr a period of 14

days.Figure 16 shows the RCC beams prepared and Figure 17 shows the test setup.

Figure 17: Setup for testing the RCC beams under shear and flexural

Reinforcement details:

Beam designed to fail in shear

|—>10mmf __kMH
A
£ - 2# 10f
I
o
[00]
—
< >
[ 670mm v \/ 15mm
—> 12mmf —42’8mmf @160mm c/c

2# 12f



Beam designed to fail inefxure:

110 mm
|—>8mmf 2
€ —2# 8f
S
o
™
i
> 10mmf 8mmf @ 65mm c/c ot 10f

3.6.2 DURABILITY

3.6.2.1 WATER ABSORPTION

Water absorption test was conducted on concrete cylinders of 75mm x 150mm and the
standard fobbwed for conducting this test wasSTM C 642.A total of 54 concrete
specimenswith different plastic conténand two different mix designs were prepared.
The concrete specimens were first heated atQ 10 oven dry the samples for 24 hours

and then the dry weight was determined, then they were isechén water for a period

of 48 hours, after removing the samples from water they were surface dried and the
saturated weight was determined. Then using the formula, the water absorption of the
concrete specimens was determined. Average of the three samp@iemix was

considered as the water absorption of the respective mix.
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3.6.2.2 RAPID CHLORIDE PERMEABILITY

Corrosion of reinforcing steel due to chloride ingress is one of the most common
environmental attacks that lead to the deterioration of concrete stsi®eretration of
chlorides into the crackee concrete occurs mainly due to capillary absorption,
hydrostatic pressure, diffusn, and evaporative transport, whitsffusion is more
predominant.Chloride diffusion takes placewhen the concentration of d¢bride, on
outside of the concre2 member is greater than inside, resultinghe movement of
chloride ionsthrough the concrete to the level of the reltlathere is an availability of

moistureand presence of oxygen, theinforcement corrosion take$ace.

Theinternal pore structure plays a vital role in the chloride ion ingress into the concrete.
The factors which influence thpore structurearethe mix design, degree of hydration,
curing conditions, use of supplementary cementitious materials, candtruction
practices. Therefore, wherever there is a potential risk of chloride induced corrosion, the

concrete should be ewvalted for chloride permeability.

Figure 18: Setup to determine theRapid chloride permeability
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Figure 19: Specimens for rapid chloride permeability test

A total of 18concrete cylinders of 100mm diareetand 200 mm length wepgeparedo
determine thehloride permeability. The standardtesting procedures are in AASHTO T

277 or ASTM C 1202.Figure 18 shows the setup to determine the rapid chloride
permeability and Figure 19 shows the typical specimens of condrb&etest was
conducted on 50mm thick and 100mm diameter concrete spe&iynemonitoring the

amount of electrid current that passes through the speciime® hours. Tl specimens

are usually prepared loutting a slice from theoncretecylinders. The setup consists of

two lead wires, one is immersed in a 3 ¥ONsolution and the other in a 0.3 M sodium
hydroxide(NaOH) solution while maintaining a voltage of 60 acrosghe ends of the

sample throughout the test. Based on the charge that passes through the sample, a

gualitative rating is made of tdhe concrete

Table 5: Rating of chloride permeability of concrete according to the RCPT

Chloride permeability Charge passing,
coulombs
High > 4000
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Moderate 2000 to 4000

Low 1000 to 2000
Very low 100 to 1000
Negligible <100

3.6.2.3 FREE CORROSION POTENTIALS

To monitor the corrosion status of the concrete specimens containing recycled plastic
aggregate, cylindrical specimens of size 75mm x 150 mm with a reinforced bar at the
center were prepared. Fiffgur samples were prepatethree for each mix, hence
averageof the three samples per mix represents the reading of each mix. The samples
were partially dipped in a 5% NadCsolution. The potentials were measured with a
multimeter at regular interval¥he multimeter has two leasires connected to it, the)(

lead( bl ack) connected to the O6COWOAPopdr tanaf
the multimeter. The other end of the black wire was connected teférence electrode
thatwas dipped into the solution whereas the other enddoiviee was connected tbé

steé bar. Then the multimeter is switched ofhe reading on the meter is the electrical
potential difference between the electrically positive lead (red wire) and the electrically
negative lead (black wirelrigure 20 shows a set of specimens usaddasure corrosion

potentials.
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Figure 20: Samples for measuring corrosion potentials

3.6.2.4 DRYING SHRINKAGE

Shrinkage is the reduction in the volume of concrete caused mainly by the loss of water
due to evaporation from a freshtardened concrete exposed to air. Shrinkage may result
in cracking of restrainedoncrete members. A total of Jtisms of recycled plastic
concrete specimens of 25 x 25 x 250 mm were prepared for determining the drying
shrinkage according to ASTM C 356hiEe specimenger mix were tested and thei
average values are reportethe setup consisting of a stand fitted with a LVDT

connected to a data loggershown in Figure 21 and 22.
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Figure 22: Setup for measurement of drying shrinkage.

HEAT / COOL EXPOSURE CYCLES

The heat/ool exposure cycles test was conducted on concrete cubeswhSize. Each

mix has six representaé samples and hence totally 168mples wee prepared to

conduct the test. Two duration periods were considered to monitor the effect of the

exposur e

for Si X

cycl es.

mont hso

Thr ee

sampl es

f

or

t hree

e Xhe campleseverevieeateaamperatue rofe d

70°C for about 24 hours in an oven then the oven was switched off for 24 hours for the
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samples to cool down. After three mont hso
difference in weight was calculated (initial weight before exposuiiaal weight afer

exposure), this is noted aseight loss. Similarly, the reduction in strength was also
calculated by conducting compressive strength test before and after the exposure cycles.
The differene gives the reduction strength Figure 23 and 24hows the specimens and

the oven used for the heat/cool evaluation.

Figure 24: Oven used for heating and cooling the specimens
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The concretspecimens after wet/dry exposure are shown in Figure 25.
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Figure25. Heat/ Cool exposure samples after 3 mont

3.6.2.6 WET/DRY EXPOSURE CYCLES

The wet/dry exposure cycles warenducted on concrete cubes ofrbfh size. Each mix

has six representa# samples and hence totally 1€8mples were prepared to conduct
the test. Two duration periods were considered to monitor the effect of the exposure
cycles. Three samples for threeonthsexposure and remaining three samples for six
mo n t elxposure were assigned. A speciallgeivas built for exposing the samples to
wetting and drying. Two big rectangular tanks were filled with water and another two
perforated tanks were used teep the samples. The samples were kept under wet
conditionfor about 24 hours and thetying for another 24 hoursDuring wetting the
samples were immersed along with the perforated tanks in to the water tank and during
drying the perforated containers meemoved out of the water and kept outside for air

drying. After threeamo n t elkposurethe samples were removed and difference in weight
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was calculated (initial weight before exposiiréinal weight after exposure), this was
noted as wight loss. Simarly, the reduction in strength was also calculated by
conducting compressive strength test before and after the exposure cyclefferércd
gives the reduction istrength.Figure 26 and 27 shows the wetting and drysegup

adopted during the wet/dgvaluation.

Figure 27: Concrete samples under Dry condition.
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Concrete samples after wet/dry exposure are shown in Figure 28.
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Figure 28: Wet/ Dry samples after 3 months.
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CHAPTER 4

RESULTS AND DISCUSSIONS

4.1 INTRODUCTION

In this chapter, the results of the experimental program designed to study the mechanical
and durabilityproperties of the various recycled plastic aggregates concrete mixes is
described. Bnsity, compressive strength, flexural strengtiodulus of elasticity, bond
strength, water absorption, rapid chloride permeability, reinforcement corrosion, drying
shrinkage, heat/cool exposure, wet/ dry exposure, thermal conductstiyar and
flexural behaviorof concrete specimens was discussed to investigate the influence of

recycled plastiaggregate on concrete properties.

The test result®f this study, focus on & behavior of recycled plastic aggregate
concrete mixesA total of 18concete mixes were prepared with%5 50%, 75% and

100% replacement of the recycled plastic aggregate with two different mix designs.

4.2 TRIAL MIX TURES

Several trial mixtures werprepared to optimize various constituents of the recycled
plastic concrete. Firstly, the grading of coarse aggregate to fine aggragatevas
optimized to obtain the maximum particle packing. To satisfy the flow criteria the dosage
of plasticizer was dpmized to meet the required flow. The optimization of other
constituentslike water binder ratio, cement and plastic aggregate content weamded

from the trial mixtures
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The differentmix proportionsinclude

Cement content 350kg/m?®, 370kg/m?.
WI/C ratio: 0.4, 0.45

CAITA: 0.4,0.50.55,0.6
FA/TA: 0.4,0.50.55, 0.6
Admixture Glenium51

Recycled Plagc type Granules, bers,Black Flakes, White Flakes

Percentage replacement: 25%, 50%, 75%, 100%.

The mix nomenclature is shown in Table 5.

Table 6 : Mix proportions nhomenclature

Mi x Nal %of Pla ~¢ (Q)gw,mc Pl astic
M 1 25 % NT-136i00. 4YK:Granul e
M 2 50 % NT-2 36i00. 45K2Fi ber s
M 3 75 % NT-33(Fi00. 4YK3Bl ack F
M 4 100 % | NT43(Fi00. 45K4White F

Summary ofTrial mixes:

Based on the workability, filling ability, unit weight and compressive streciiria the

following mix designs were selected for the detail study.
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Cement Content350kg/m®, 370kg/m®
water/cement 0.4, 0.45
CA/TA: 0.4

Granules type 25%, 50%, 75%, 100%

Fibertype 25%, 50% - Plastic replacement

Flaky type 25%, 50%, 75%, 100% |

Typical Images of thdéroken samples foobserving the plastic mixturare shown in

Figure 29 through 33.

1) Conventional concrete:

Conventional Concrete

Figure 29: Conventional concrete

2) Concrete with 25% plastic content:

M1K4-1

Figure 30:Concrete with 25% plastic content
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3) Concrete with 50% p#dic content:

! M2K4-7

Figure 31: Concrete with 50% plastic content

4) Concrete with 75% plastic content:

M3K4-1

Figure 32:Concrete with 75% plastic content.

5) Concrete with 100% plastic content:

M4K1-1

Figure 33: Concrete with 100% plastic content.
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4.3 MECHANICAL PROPERTIES

4.3.1 DENSITY (UNIT WEIGHT)
Table 6,shows theunit weight of the concretspecimengontaining various percentages
of recycled plastic aggregate as a partial/ full subsgiitubf the coarse aggregates with

two mix designsThese data are depicted in Figa8d and 35.

Table 7: Unit weight of concrete samples

Mix | Sampl | Diamete | Height, | Weight, Volume, Density, | Average

# e# | r,mm mm gm mm? kg/m?® Density,
kg/m®
M1 1 76.60 152.06 | 1430.80 | 700748.87 2042 2045

2 76.05 | 152.11 | 1415.20 | 690949.15 2048

3 76.30 | 153.50 | 1442.20 | 701854.90 2055

M2 1 76.90 | 152.22 | 1443.40 | 706991.64 2042 2049

2 76.78 | 151.50 | 1441.80 | 701453.25 2055

3 78.04 | 151.30 | 1469.70 | 723707.93 2031

M3 1 77.60 | 153.80 | 1276.50 | 727393.91 1755 1761

2 77.30 | 153.20 | 1276.40 | 718964.81 1775

3 77.09 | 154.60 | 1265.00 | 721598.24 1753

M4 1 77.96 | 152.09 | 1300.20 | 725995.96 1791 1784

2 76.66 | 152.02 | 1276.20 | 701662.46 1819

3 76.34 | 151.08 | 1205.50 | 691514.31 1743

M5 1 78.25 | 15253 | 1216.00 | 733523.18 1658 1651

2 76.45 | 154.54 | 1172.70 | 709391.15 1653

3 76.69 | 152.41 | 1155.10| 704013.23 1641
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M6 76.80 | 151.90 | 1158.00 | 703671.72 1646 1656
76.00 | 151.90 | 1148.30 | 689088.24 1666
77.30 | 151.70 | 1155.70| 711925.34 1623

M7 77.24 | 152.90 | 1061.40 | 716443.42 1481 1497
76.34 | 152.40 | 1047.20 | 697556.13 1501
76.74 | 151.59 | 1057.30| 701138.84 1508

M8 77.24 | 152.90 | 1079.40 | 716443.42 1507 1518
76.34 | 152.40 | 1095.50 | 697556.13 1570
76.70 | 151.50 | 1070.00 | 699992.27 1529

M9 76.30 | 151.90 | 1409.00 | 694539.15 2029 2016
76.50 | 151.50 | 1408.80 | 696346.48 2023
77.00 | 151.50 | 1408.50 | 705478.80 1997

M10 77.65 | 151.02 | 1460.70 | 715166.67 2042 2063
76.35 | 151.94 | 1435.30 | 695632.86 2063
75.92 | 152.32 | 1436.30 | 689539.60 2083

M11 76.07 | 152.74 | 1304.80 | 694175.85 1880 1770
76.72 | 151.75 | 1280.60 | 701513.07 1825
77.24 | 151.58 | 1257.50 | 710258.29 1770

M12 77.21 | 151.67 | 1239.10| 710128.06 1745 1774
76.94 | 151.77 | 1252.80| 705635.11 1775
76.58 | 151.93 | 1240.60 | 699784.22 1773

M13 77.16 | 151.43 | 1412.10| 708086.38 1994 2042
76.4 151.76 | 1426.20 | 695719.08 2050
76.59 | 151.19 | 1449.20 | 696557.68 2081
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M14 1 76.85 | 151.56 | 1447.60 | 703011.16 2059 2061

2 76.35 | 151.68 | 1435.70 | 694442.49 2067

3 76.93 | 151.60 | 1448.70 | 704661.51 2056

M15 1 77.32 | 153.77 | 1309.10 | 722013.28 1813 1813

2 76.81 | 152.87 | 1296.40 | 708349.64 1830

3 76.45 | 152.99 | 1272.90| 702276.13 1813

M16 1 76.89 | 152.89 | 1271.20 | 709918.81 1791 1817

2 76.83 | 150.96 | 1271.60 | 699863.65 1817

3 77.20 | 152.33 | 1282.10 | 713033.48 1798

M17 1 77.52 | 153.83 | 1187.30 | 726036.49 1635 1607

2 77.51 | 154.87 | 1159.90| 730756.44 1587

3 77.39 | 153.82 | 1155.50 | 723556.39 1597

M18 1 76.66 154.05 | 1179.10| 711032.11 1658 1627

2 77.54 | 151.59 | 1147.90| 715833.51 1604

3 77.46 | 153.93 | 1174.20 | 725384.27 1619

The results indicate thamit weight of concrete containing recycl@thstic aggregate

decreased with increasipgrcentage of the plastic replacement
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Figure 34: Unit weight at cement content 370 kg.n¥, w/c- 0.4
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Figure 35: Unit weight at cement content 350 kg.nt, w/c- 0.45
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4.3.2 COMPRESSIVE STRENGTH
Table 7 shows thecompressive strength of concregpecimenscontaining various
percentages of recycled plastic aggregate as a partial/ full substitution of the coarse

aggregates with two mix desigriithese data are depicted in Figudé and 37.

Table 8: Compressive strength of the concretsamples.

Mix | Sample| Length, | Width, | Load, | Area of | Compressive| Average

# # mm mm KN C/S, Strength, | Compressiv
mm? MPa e Strength,

MPa

M1 1 100.60 | 102.00 | 266.40| 10261.20 25.96 26.56

2 100.20 | 102.00 | 261.90| 10220.40 25.63

3 99.90 | 100.00 | 265.30| 9990.00 26.56

M2 1 101.15 | 103.20 | 377.40| 10438.68 36.15 35.05

2 100.83 | 102.90 | 362.70| 10375.41 34.96

3 101.40 | 101.30 | 349.50| 10271.82 34.03

M3 1 100.89 | 102.30 | 188.40| 10321.05 18.25 19.56

2 101.10 | 102.90 | 203.50| 10403.19 19.56

3 102.07 | 105.20 | 201.80| 10737.76 18.79

M4 1 101.04 | 101.38 | 242.30| 10243.44 23.65 25.81

2 100.70 | 101.71 | 264.10| 10242.20 25.79

3 100.69 | 97.76 | 254.30| 9843.45 25.83

M5 1 102.17 | 102.07 | 194.40| 10428.49 18.64 18.92

2 96.97 | 102.19 | 190.00| 9909.36 19.17

3 102.07 | 102.03 | 197.20| 10414.20 18.94

M6 1 100.43 | 102.55 | 201.70| 10299.10 19.58 19.28
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102.20 | 102.50 | 203.60| 10475.50 19.44
101.90 | 103.48 | 198.40| 10544.61 18.82

M7 99.40 | 101.49 | 164.10| 10088.11 16.27 16.27
99.62 | 101.23| 166.20| 10084.53 16.48
100.57 | 101.66 | 177.30| 10223.95 17.34

M8 102.62 | 102.30 | 174.70| 10498.03 16.64 16.64
104.53 | 102.37 | 172.40| 10700.74 16.11
98.85 | 101.87 | 158.90| 10069.85 15.78

M9 100.48 | 101.68 | 216.70| 10216.81 21.21 20.36
101.29 | 102.01 | 205.00| 10332.59 19.84
101.10 | 99.06 | 200.60| 10014.97 20.03

M10 101.37 | 100.17 | 224.10| 10154.23 22.07 22.07
101.38 | 100.54 | 224.80| 10192.75 22.05
103.90 | 98.83 | 209.50| 10268.44 20.40

M11 101.86 | 101.42 | 155.40| 10330.64 15.04 14.86
98.92 | 101.15| 141.40| 10005.76 14.13
100.86 | 101.37 | 157.40| 10224.18 15.39

M12 98.87 | 102.84 | 180.00| 10167.79 17.70 16.64
100.88 | 102.26 | 158.40| 10315.99 15.35
104.18 | 101.99 | 179.20| 10625.32 16.87

M13 104.40 | 101.76 | 241.10| 10623.74 22.69 22.87
99.74 | 105.62 | 240.50| 10534.54 22.83
101.62 | 105.03 | 246.50| 10673.15 23.10

M14 100.55 | 102.86 | 296.20| 10342.57 28.64 28.43
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2 101.28 | 102.06 | 282.70| 10336.64 27.35

3 98.08 | 101.96 | 292.90| 10000.24 29.29

M15 1 102.20 | 103.48 | 204.80| 10575.66 19.37 18.79

2 104.71 | 102.85| 212.40| 10769.42 19.72

3 97.03 | 103.29| 173.10| 10022.23 17.27

M16 1 101.78 | 101.21 | 207.80| 10301.15 20.17 20.16

2 100.94 | 101.54 | 215.70| 10249.45 21.05

3 99.50 | 102.77 | 197.10| 10225.62 19.28

M17 1 99.27 | 103.20 | 135.70| 10244.66 13.25 13.44

2 101.63 | 103.59 | 132.90| 10527.85 12.62

3 101.11 | 102.94 | 150.30| 10408.26 14.44

M18 1 101.39 | 102.90 | 158.80| 10433.03 15.22 14.85

2 100.19 | 103.20 | 145.50| 10339.61 14.07

3 101.83 | 101.78 | 158.20| 10364.26 15.26

The data in Table indicate that the compressive strengtitoncrete containing recycled

plasticaggregat@ecreases with increasing quantity of plastic.
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Compressive strength, MPa

Compressive strength (CC-370 kg/m3, W/C- 0.4)
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Figure 36; Compressive strengthat cement content 370 kg.nT, w/c- 0.4

Figure 37: Compressive strengthat cement content 350 kg.n¥, w/c- 0.45
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