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ABSTRACT

Waste utilization has been a common step taken is most country throughout the world.
Other than it could help minimize the depletion of natural resource, waste has no
economical value. This research discusses about the possibility of incorporating two
kinds of industrial waste; namely used engine oil and rice husk ash in concrete
manufacturing. A study was carried out to evaluate the effect of used engine oil to
concrete containing rice husk ash on both fresh and hardened concrete properties. Three
types of mixes with three different water-binder ratios were cast. Concrete mix with
10% rice husk ash was taken as the control, while the addition of used engine oil in the
concrete mix containing 10% of rice husk ash was fixed at 3% and 4% of used engine
oil. The results of slump, compressive strength, split tensile strength, and porosity of the
concrete were compared to the control mix in order to evaluate the effect of used engine
oil to concrete containing rice husk ash. The slump values were not obvious due to the
low water-binder ratio used, however, the additional of used engine oil helped in
refining the strength development of the concrete. The compressive étrength has shown
20% increment, while split tensile sirength has proven to rise abou:t 1.6 times greater
than the control mix. The porosity also has shown about a 10% reduction lower than the
concrete containing only rice husk ash. In conclusion, this study has éble to demonstrate
the positive effect of used engine oil to concrete hardened properties in enhancing

concrete properties.
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CHAPTER 1
INTRODUCTION

1.0 BACKGROUND OF STUDY

High strength concrete (HSC) is mostly preferred to be used in multistory building
construction as it reduces the cross-sectional area of the structural element. The
potential advantages of HSC extend beyond Strength to include improvements in
durability and service life of concrete structures. The primary reasons for selecting HSC
are to produce a more economical product, provide a feasible technical solution, or a
combination of both, However, due to high material (cement) consumption, the cost of
HSC is very high. The escalation of cost for building materials as well as the rising
environmental concerns due the extensive exploitation of natural resources urges the

search for alternative technological options for replacing cement in concrete industries.

Processed and unprocessed wastes or industrial by-products have been recognized
widely to be used as raw materials in cement and concrete industry. Some of those
wastes include recycled aggregates concrete, which has been mostly used in road
construction and industrial by-products such as fly ash, rice husk ash, etc. has been
known widely to partially replace cement in concrete manufacturing [6]. From
economical perspective, the cost of disposing those wastes i.e. transportation to disposal
site, proper treatment of waste plus the strict environmental law can be cut off.
Furthermore, improper disposal of waste might bring harmful threats to our
environment. However the success of those wastes in concrete is merely depending on

the desired end product.

Almost half of the world population is savoring rice as their main food source. The
current world production of rice paddy is around 500 million tons and hence 100

millions tons of rice husks are produced [4]. Plus, the world engine oil users which



include machineries other than automotives are keeping on growing frenziedly. In 2004,
37.4 million tons of lubricants were consumed worldwide (53% automotive lubricants,
32% industrial lubricants, including related specialties, 5% marine oils, and 10%

process oils) [1] .

Numerous researches have been done on rice husk compatibility in partially replacing
cement. It was reported that rice husk ash generates pozzolanic reaction; which when
combined with calcium hydroxide at room temperature; it will exhibit the cementatious
properties — the similar reaction of Portland Cement (PC) when combined with water.
An ash with high pozzolanic activity could be obtain by holding the silica in a non-
crystalline state and in highly microporous structure [17, 22].A well-known technique
that could generate such ash is control burning. Generally, the microwave incinerated
rice husk ash (MIRHA) is ashes produced from control combustion of rice husks in a
microwave incinerator. Therefore, the ashes produced would have almost equivalent
amount of silica as compared to other control burning method, which is much higher

(silica) than open burning of rice husks [4].

Recently, there have been number of research done on used engine oil (UEQ) effect to
concrete properties. Most of the research is done in conjunction with the incident in the
early days, where the leakage of oil into the cement factory in older grinding units has
been reported to result in concrete with greater resistance to freezing and thawing [5].

Addition of UEO are said to give the superplasticizer effect on concrete [6].

Nevertheless there has been no research so far which combines both wastes together in
producing concrete. For that reason, the research assumption of this project is based on
the previous studies which being done on the effect of each those waste in concrete
properties. Generally, MIRHA and UEQ has proven to assist in concrete fresh and
hardens properties respectively, thus, for this research, the combination of both (UEQ
and MIRHA) was assumed to improve the workability and durability of HSC.



1.1 PROBLEM STATEMENT

The cement prodﬁctions nowadays are facing a lot of challenges including the energy
and resource conservation causing the production cost to rise. Approximately one ton of
carbon dioxide (CO,) and other greenhouse gases (GHGs) are released into the
atmosphere from the production of one ton of Portland cement [9]. From the
environmental concern and the need in protecting our natural resources, many building

sectors are now have been attracted to mineral additives as the substitute of cement.

The study of this paper was carried out in the intention of indirectly provide an
alternative to the concrete industry for mineral additives. Environmental benefits will be
the driving factor, as the use of mineral additives provides a beneficial application for
waste materials as well as reducing the energy and GHGs emissions to produce cement.
Mineral additives in this context study are referred to the agricultural or industrial by-
products in which have been established their benefit in concrete industry i.e. MIRHA
and UEO in enhancing the strength and durability of concrete.

Rice husk and used engine oil is basically an agricultural as well as industrial waste
product (used engine oil here is specifically referring to the used engine oil for motor-
vehicle). However, those by-products cannot be dumped easily to the surroundings.
Both materials are considered as pollutants to the environment. Therefore, proper
treatment due to the strict environmental law is required before disposing off the waste.

This treatment is usually will be very costly to some industries.

Rice husk has posed a major problem of disposal to the rice milling industry in
Malaysia and elsewhere in the world. By open burning of the husk, hazardous gas such
as CO,, CH4 and NO, will be emitted; those gases will contribute to haze and also air
pollution which lead to health problems. In addition, rice husk possesses rough and

abrasive surfaces that are highly resistant to natural degradation [14].



As we all aware of, used engine oil (UEO) is a non biodegradable product. Globally,
motor vehicles use one third of the world’s oil [1]. Improper disposal of used engine oil
will commit terrible impact to the marine and human life. It is estimated that less than
45% of UEOQ is being collected worldwide while the remaining 55% is thrown by the

end user to the environment [6, 7].

This research study was aimed to investigate the effectiveness of used engine oil in

order to enhance the properties of MIRHA high strength concrete.

1.2 OBJECTIVES OF PROJECT

The objectives of this project are as follows:
= To produce high strength concrete using MIRHA and used engine oil
» To determine the effect of used engine cil in fresh property of high strength
concrete containing MIRHA
» To establish the effect of used engine oil in hardened properties of high strength
concrete containing MIRHA

1.3 SCOPE OF WORK

Initially, this project covers the production of MIRHA, by combustion of rice husks in a
microwave incinerator, followed by grinding the ashes in a ball mill. In order to
evaluate the effect of UEO on MIRHA high strength concrete, in both fresh and
hardened properties, the amount of UEO is limited to 3% and 4% of cement weight on
alternate concrete mix proportion, while total MIRHA in each mix is equivalent

throughout; 10% of the cement amount.



Slump test are carried out during the fresh state of concrete. Destructive test are
conducted on hardened properties of concrete i.e. compressive strength, split tensile

strength and total porosity.

Nine different types of concrete mix are prepared with three different water-binder ratio
(w/b) of 0.40, 0.37 and 0.34 of cement weight. 100 x 100 x 100mm concrete cubes were
produced to observe the compressive strength at 3, 7 and 28-days. To obtain more
information about the development of strength of concretes, splitting tensile test and
porosity on cylinder of 100 x 200mm and 50 x 40mm, were analyzed respectively at the

curing age of 28-days.

The total of 81 cubes, 27 cylinders (100 x 200mm) and 27 smaller cylinders (50 x
40mm) are prepared for throughout this research.



CHAPTER 2
LITERATURE REVIEW

2.0 CONCRETE AND ENVIRONMENT

Concrete has been widely selected as a building material due to its durability and
strength. The uses of concrete are more economical compare to wood and steel [8].
Concrete is made by mixing cement, water, coarse and fine aggregates plus admixtures
(if required). The aim is to mix these materials in measured amount to make concrete
that is easy to transport, place, compact and finish and which will set and harden

resulting a strong and durable product.

Properties of hardened concrete are affected by the amount of each ingredient (i.e.
cement, water and aggregates) which influence by the desired end products. Cement is
an essential material in concrete manufacturing. Cement will act as a binder to the
aggregates. When the cement powder mixed with water, it will form a paste. This paste
will acts as glue to holds or bonds aggregates together. These bonds which are created
will increase the strength of the cement. Clean, potable water are crucial to be used in
this mix since any dirt, or unwanted chemicals in water may affect the properties of
concrete. Either normal concrete or high strength concrete both has different mix

design.

Admixtures are regularly incorporated in concrete mix to improve its durability as well
as altering the fresh and harden properties of concrete, i.e. the time concrete takes to set
and harden, or its workability.

The production of one ton of Portland cement produces about one ton of Green house

gases (GHG).Plus, the manufacturing of Portland cement is the third most intensive



energy process after aluminum and steel manufacturing, according to Malhotra (2004).
By-products of Portland cement production are carbon dioxide and particulate mafter

which are all considered environmental pollutants that can harm human health.

Limestone is the essential ingredients in production of Portland cement. As limestone

becomes a limited resource, employment and construction associated with the concrete

industry wili decline [9].

Due to inclining demand of concrete in the future, a new technique must be developed

in order to create concrete with more environmental friendly materials and also with the

minimal vse of limestone.

Cement replacement materials are considered as an alternative in the concrete
construction, in order to cater the limited resources of limestone. There are few types of
cement replacement material that have been widely used; among them are silica fume,
ground granulated blast furnace slag (GGBS), and pulverized fly ash (PFA), and rice
husk ash (RHA). All these material are considered as pozzolanic materials which
exhibit cementatious properties when reacted with calcilum hydroxide at room
tempetature. These all can be used to supplement the use of cement in concrete

mixtures while improving product durability.

All of those materials (GGBS, PFA and RHA) are considered as industrials waste (or
by-products) which being produced in abundant. Therefore, the resources are not
limited compared to limestone. The recycling of industrial by-products has been well
established in the cement and concrete industries over the past decades [10].The use of
coal fly ash in concrete began in 1930s, but volcanic ash has been used for mortar and
concrete for several millenniums in Egypt, Italy, Mexico and India. The use of by-
products such as rice husk ash, wood ash, silica fume and other pozzolanic materials in
addition to creating more durable concrete and reducing greenhouse gas emissions [9].
This will also contribute to the improvement of air quality, reduction of solid wastes,

and sustainability of the cement and concrete industry.



2,1  HIGH STRENGTH CONCRETE (HSC)

2.1.1 Definition of HSC

Concretes with compressive strength higher than 50 MPa are usually defined as high
strength concrete (HSC), according to ACI committee 363. HSC are characterized by a
low porosity and has a more uniform at the matrix-aggregate interface than normal
strength concrete [11]. Strong interfaces enhance the strength and stiffness, although
such concrete usually shows more brittle behavior. The production of high strength
concrete requires more research and more attention to quality control then conventional
concrete. The need of HSC has been in great demand especially in producing an early
age service of concrete, for example opening a pavement at three (3) days. Other than
that, HSC is advantageous in high rise building construction principally when there is a

need to reduce the column sizes, thus it will increases the available spaces.

At the present time, a cubic yard of HSC generally costs more than a cubic yard of
conventional concrete. HSC requires additional quantities of materials such as cement,
fly ash, silica fume, high-range water-reducers and retarders to ensure that the concrete
meets the specified performance. However the benefit which it brings will absolutely
eliminate the cost of production. Conclusions for HSC, mix proportions must be
selected to meet the specified performance criteria at a reasonable cost while using

locally available materials.

2.1.2 Ingredients of HSC

The ingredients of HSC are basically the same as normal concrete (water, cement and
aggregates). However, the mix proportions of materials are different. Mix proportions
for high-performance concrete (HPC) are influenced by many factors, including
specified performance properties, locally available materials, local experience, personal

preferences, and cost. With today's technology, there are many products available for



use in concrete to enhance its properties. Accordingly, there are many alternatives for

mix proportions that will result in concrete with the desired properties.

Water-binder materials ratio; according to ACI 211.4R, many researchers have
concluded that the most important variable in achieving high-strength concrete is the
water-cement ratio [28]. However, most high strength concretes contain binding
materials other than cement. Consequently, the water-binder materials ratio must be
considered instead of the water-cement ratio where the binder materials include cement,
fly ash, silica fume, RHA and ground granulated blast furnace slag (GGBFS) as
appropriate. In general, as the water-binder materials ratio decreases, the concrete

compressive strength increases.

Proper selection of the type and source of cement is one of the most important steps in
the production of high-strength concfete. Variation in the chemical composition and
physical properties of the cement affect the concrete compressive strength more than
variations in any other single material. There is also optimum cement content beyond
which little or no additional increase in strength is achieved by increasing the cement
content. To achieve higher strengths, it is necessary to include other materials such as
fly ash, silica fume, ground granulated blast furnace slag (GGBFS), or combinations of
these materials [12].

For each concrete strength level, there is an optimum size for the coarse aggregate that
will yield the greatest compressive strength per unit mass of cement. Commonly, a
smaller size aggregate will result in a higher compressive strength concrete. On the
other hand, the use of the largest possible coarsc aggregate size is important in

increasing the modulus of elasticity or reducing creep and shrinkage.

ACT 211.4R has reviewed that; fine aggregates with a fineness modulus in the range of
2.5 to 3.2 mm are preferable for high-strength concrete [28]. Concretes with a fineness
modulus less than 2.5 mm may be sticky and result in poor workability and high water

requirement.



2.1.3 Cement replacement materials in high strength concrete

Although concretes with compressive strengths greater than 6,000 psi (41 MPa) can be
produced using only cement as the binding material, it is likely that these concretes will
also contain a mineral admixture such as fly ash, rice husk ash (RHA), silica fume, or
ground granulated blast furnace slag (GGBFS) to improve its workability.

In general, high performance concrete (HPC) is a cement-based concrete which
fabricated to meet special performance requirements with regard to workability,
strength, and durability. Those properties cannot always be obtained with techniques
and materials adopted for producing conventional cement concrete [12]. A HPC using
cement alone as a binder requires high paste volume, which often leads to excessive
shrinkage and large evolution of heat of hydration, besides an increased in production
cost [16]. A partial replacement of cement by mineral admixtures, such as, fly ash, rice
husk ash (RHA) or ground granulated blast furnace slag (GGBS) in concrete mixes
would help to overcome these problems and lead to improvement in the durability of
concrete. This would also lead additional benefits in terms of reduction in cost, energy

savings, promoting ecological balance and conservation of natural resources etc.

In additional, the strength development in high performance concrete is more complex
in nature due to the combined physiochemical effects of pozzolans in concrete. The
physical influence is in the refinement of pore structure of the cement paste, while the
chemical phase consists of the pozzolanic reaction, which replaces C-H crystals with
cementitious C-S-H gel [4, 13]. However, partial replacement of cement in concrete by
pozzolans can produce an immediate dilution effect, which will cause early concrete

strength to reduce in approximate proportion to the degree of reﬁlacement [13].
2.1.4 Chemical admixture in high strength concrete

Water-reducers or high-range water-reducers are essential in high-strength concrete to

ensure adequate workability while achieving a low water-binder materials ratio for HSC

10



[27). Retarding admixtures may also be used. The optimum dosage of an admixture or
combination of admixtures should be determined by trial mixtures using varying
amounts of each additive. It is also important to be sure that admixtures are compatible

when used in combination.

2.2 POZZOLAN

2.2.1 Advantages of Pozzolan

Normal concrete is produced by mixing Portland cement with fine aggregates (sand),
coarse aggregates (gravel or crushed stone) and water. Concrete solidifies and hardens
after mixing and placement due to a chemical process known as hydration [15]. The
water reacts with the cement, which bonds the other components together, eventually
creating a stone-like material. Usually small amount of mineral and chemical
admixtures were added to improve the concrete properties as well as its workability and

durability.

Mineral admixtures are siliceous or non-siliceous and aluminous materials which in
themselves possess little or no cementitious value but will, in finely divided form and in
the presence of moisture, chemically react with calcium hydroxide at ordinary
temperatures to form compounds possessing cementitious properties [16]. Most of
mineral admixtures are inorganic materials that have pozzolanic or latent hydraulic
properties. These very fine-grained materials are added to the concrete mix to improve
the properties of concrete or as a partial replacement of Portland cement. Pozzolans
improve strength because of their small particles (less than cement) which help to
provide a finer pore structure in concrete [17]. Rice husk ash (RHA) is one example of

an active mineral admixture.

11



2.2.2 Pozzolan reaction on conerete

It has been recognized that pozzolanic additions lead to important changes in fresh and
hardened concrete, which depend on the mineral admixture type and content as well as

on other mix components. Some of the important benefits are:

i.  Increase compressive strength

The pozzolanic reaction between natural pozzolan and calcium hydroxide happens
after the C;8 and C,8 in the cement begins to hydrate. At the early stage of curing,
usually natural pozzolan substituting Portland cement mixture is slightly lower
than reference OPC (Ordinary Portland Cement) in regard to compressive
strength. As time goes by, natural pozzolan continues to react with the calcium
hydroxide; Ca (OH;) produced by cement hydration and increases the
compressive strength by producing additional C-S-H gels [17]. The pozzolanic
reaction continues until there is no free calcium hydroxide available in the mass
and the compressive strength exceeds the reference OPC by 30-40% [18].

ii. Reduced Permeability and Voids
Experts have widely agreed for decades that the use of pozzolana, or
supplementary cementing materials, can reduce concrete permeability by 7 to 10
times [19]. In particular the mechanism of pozzolana in this role can be viewed as
having two principal aspects. First, the use of quality pozzolan i.e. finer, high
silica content will result in a denser pore structure in the cement paste matrix.
Second, the chemical reaction of lime crystals to form binders has a direct effect
of increased paste density, reduced porosity over time, and will enhance the
matrix chemical resistance to many aggressive species that could harm the

durability of concrete.

12



2.3 ADMIXTURE
2.3.1 Introduction to admixture

According to ASTM C125, admixture are material other than water, aggregates and
cement, used as an ingredients of concrete which added before or during mixing [29].
The general purpose of adding admixture are; to increase plasticity of concrete without
rising the water content, reducing bleeding and segregation of concrete, retard and
accelerate the setting time, to accelerate the rate of strength development at early ages,
to reduce the heat of evolution and to increase the durability of concrete to specific
exposure conditions. Admixtures are divided into two categories; chemical and mineral.
Chemical admixtures are normally added in small amounts, usually dissolved in the
mixing water. The common used chemical admixtures are water reducers or
plasticizers, super plasticizers, retarding admixtures, accelerating admixtures and air-
entraining agents. The used of those chemical admixtures are entirely depending on the
desired end product. Mineral admixtures refer to pozzolan as discussed thoroughly in
subtopic 2.3.3. Pozzolan normally posses natural qualities in contributing to strength
and refined microstructure of mixture, that can enhance the quality and long-term

performance of concrete.
2.3.2 Chemical admixture : Water reducers and Superplasticizers

These are surface active chemicals, also known as surfactants. Without water reducer or
super plasticizer, once cement particles in contact with water, they tend to flocculate
due to high surface tension of water. The flocculated structure of the cement paste
particles could trap a certain amount of water, which then no longer available to
lubricate the mix. The addition of water reducers and superplasticizers could
deflocculate and disperse the cement particles. As a result, more water is available for
lubricating the concrete mix and the flow properties of concrete, as can be seen by the

increase in workability (slump, flow, compacting factor and vebe).

13



Verbeck (1968) has reported that, superplasticizers are linear polymers containing
sulfonic acid groups attached to the polymer backbone at regular intervals [30]. Most of

the commercial formulations for the superplasticizers belong to one of four families:

e Sulfonated melamine-formaldehyde condensates (SMF)
» Sulfonated naphthalene-formaldehyde condensates (SNF)
« Modified lignosulfonates (MLS)

e Polycarboxylate derivatives

The sulfonic acid groups are, according to Mindess and Young (1981), responsible for
neutralizing the surface charges on the cement particles and causing dispersion, thus
releasing the water tied up in the cement particle agglomerations and thereafter reducing

the viscosity of the paste and concrete [5].

2.3.3 Mineral admixture : Rice husk ash (RHA)

Rice husk ash is a well-known mineral admixture for concrete. Mineral admixtures refer
to finely divided materials, which posses pozzolanic or/ and cementatious properties,
when used as concrete ingredients. They can be used to partially replace part of cement,
or as an additive to cement. In either case they are normally incorporated to the batch
shortly before or during mixing. RHA is among the latest discovery regarding
pozzolans, but enormously promising on a global scale. The pozzolanic characteristics
of ash are dependent on the chemical composition of the material, burning temperature,

burning time, burning environment and burning method [22, 23].

In order to obtain an ash with high pozzolanic activity, the material should have high
silica content. The silica should be in non-crystalline state, highly microporous and
cellular structure [4]. Grinding RHA helps to increase its pozzolanic activity by

increasing the surface area.
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Chemical compositions of rice husk are similar to many common organic fibers. This
composed of;

(1) Cellulose {40 - 50 %o)
(2) Lignin (25 — 30%)
(3) Ash (15 -20%)

(4) Moisture (8 — 15%)

After butning at a suitable temperature and time (600 — 700 °C in 2 houts), in an
industrial furnace, according to Hwang and Chandra (1997), the rice husk ash is

consists of [4];

(1) 90 — 95 % SiO;
(2) 1 - 3% K0 and more than 5% of unburnt carbon

2.4 RICE HUSK ASH (RHA)

2.4.1 Combustion: Different process

Rice husk ash is produced by combustion of the husk. Few types of combustion method
that have been studied are discussed as below:

a) Open-field burning

This uncontrofled burning method is banned in many countries, other than
producing poor quality of ash, the structure are highly crystalline which illustrate a

low reactivity.
b) Fluidized-bed furnace burning

This furnace is designed for control burning of rice husk [14]. Time-temperature
parameter in the burning operation is maintained with a close control. The heat of
combustion is utilized to produce steam or electricity. Highly pozzolanic rice husk

ash is produced by maintaining temperatures between 500 ~ 700 °C for less than one
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minute. Chemical analysis on the ash samples produced showed 80 — 95% 8iO;, 1 -
2% K,0, and 3 — 18% unburned carbon.

¢) Industrial furnace

The silica content produced by this method is depending upon the combustion
efficiency of the furnace. Usually, the silica content of RHA produced may be in the
range of 90 - 95% with the residual carbon as the main remaining ingredient. It is
possible to produce RHA with silica in amorphous and cellular form. Thus, RHA
produced is highly pozzolanic.

2.4.2 Grinding

Hwang and Chandra (1997) has suggested that, the quality of RHA are also depends on
the degree of grinding other than the method of ash incineration [4]. Bouzoubaa and
Fournier (2001) have done a quite fine research on the optimum grinding time of RHA.
They found that the water requirement of concrete increased because of the fineness of
RHA, and yet, 7-days strength of concrete improved marginally with increase of
grinding time [31]. To produce a fine powder, and ball or hammer mills are usually
used. Good results were obtained by Chopra (1979), where in his study, RHA obtained
from burnt rice husks (which used as fuel for boilers resulting in crystalline RHA) were
used to develop masonry cement [32]. Crystalline ash is harder and will require more
grinding in order to achieve the desired fineness. Fineness similar to or slightly greater
than that of PC is usually recommended for pozzolanas although some have been

ground considerably finer.

2.4.3 Characteristic of concrete containing RHA

The development and use of rice husk ash in cement and concrete manufacturing is not
new. Many researches have been published concerning its influence on the concrete
behavior. It has proven literally that concrete with a 10% substitution of Portland
cement by RHA indicate an excellent performance of concrete when compared to

normal concretes [21]. Some of the effects of RHA to concrete are discussed as below;
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i.  Workability of fresh RHA concrete
Small addition of RHA may be helpful for improving the stability and workability
of concrete by reducing the tendency towards bleeding and segregation [24]. This
is mainly duc large surface area of the ash which in the range of 50 to 60 m?%/g
[17]. Large addition of fine RHA particles tend to absorb a great amount of water,

hence producing dry, unworkable concrete mix.

jii.  Initiate early strength development of concrete
RHA also tends to shorten the setting time due to the water adsorption ability of
the ceflular form of RHA [4]. Therefore, the reduction of water-to-cement ratio

may cause an increase in the early strength development.

iii. Increase compressive strength of concrete
The incorporation of RHA in concretes produced an increased in compressive
strength, particularly for the lower water/binder ratio concretes. Addition of RHA
can affect both strength and permeability by strengthening the aggregate-cement
paste interface and by blocking the large voids in the hydrated cement paste

through pozzolanic reaction as shown in Figure 2.1 below [4].

RHA [4].
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2.5 USED ENGINE OIL (UEQ)

2.5.1 Physical properties of Engine oil

Most motor oils are made from a heavier, thicker petroleum hydrocarbon base stock
derived from crude oil, with additives added as needed to improve the properties [22].
One of the most important properties of motor oil in maintaining a lubricating film
between moving parts is its viscosity. Used engine oil (UEO) basically has an oil-like

feature, usually black in color and really viscous.

2.5.2 Chemical properties of Engine oil

Before it was being used, the engine oil consists of base lubricating oil with the
complex mixture of hydrocarbon (80 — 90% by volume) and performance — enhance
additives (10 — 20 % by volume) [23]. This engine oil composition are altered during
use because of the breakdown of additives, contamination with product of combustion,
and the addition of metals from wear and tear of the engine. Therefore, it is difficult to
generalize the composition of waste oil in exact. However, it is recognized that the
major components are aliphatic and aromatic hydrocarbon (such as phenol, naphthalene,

benz (a) antracene, benz (a) pyre and fluoranthene) [231.

2.5.3 Characteristic of conerete with used engine oil (UEQ)

Research on effect of used engine oil to fresh and hardened concrete has previously
been done by Hamad et al. (2003), which he compares the performance of used engine
oil and chemical air-entraining admixture in normal strength concrete. The results are
very impressive where, the used engine oil acted as a chemical plasticizer improving the

fluidity and almost doubling the slump of normal concrete mix.

From their investigation, it was found on the hardened property, the used engine oil mix

has resulted in average losses of 17 % in the values of the splitting tensile strength.
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However, the concrete compressive strength is maintained throughout compares to
chemical air-entraining admixture which caused approximately 50% loss in

compressive strength at all ages [6].

2.6 CONCRETE ASSESSMENT

Properties of concrete are measured at fresh as well as hardened state. Properties at

fresh state are significant to control the performance of concrete in the hardened state.

2.6.1 Slump Test

The slump test is the most common test for workability. The slump test involves hand
placing an amount of fresh concrete into a metal cone and then measuring the distance
the fresh concrete falls when the cone is removed. The decrease in the height of the
slumped concrete is term as slump. It is measured to the highest point according to
BS1881: Part 102; 1983. A stiffer mixture will have a low slump value. Concrete with
high workability gives a higher slump value.

2.6.2 Compressive Strength Test

Concrete is most often known by its compressive strength. This is because concrete is
much stronger in compression than it is in tension and thus, is frequently used in

COMipression.

Generally, normal concrete has a compressive strength between 20 and 35 MPa (3000
and 5000 psi) (ACPA, 2001). High-strength concrete is usually defined as concrete with
a compressive strength of at least 41 MPa (6000 psi). High-strength concrete has been
designed for compressive strengths of over 140 MPa (20,000 psi) for use in high rise
building applications especially.
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The compressive strength is calculated from the failure load which result from breaking
cubical concrete specimens in a compression-testing machine; then the failure load is
divided by the cross-sectional area resisting the load and recorded in the units of pound-

force per square inch (psi) in US Customary units or Mega Pascal (MPa) in SI units.
2.6.3 Povosity Test

The original packing of the cement, mineral admixtures, and the aggregate particles; the
water-to-solids ratio; and the conditions of curing are all related to porosity. According
to Mehta (1993), permeability of concrete, is also influenced by two primary factors:
porosity and interconnectivity of pores in the cement paste and micro-cracks m the
concrete, especially at the paste-aggregate interface [33]. Nevertheless, porosity and
interconnectivity are controlled for most part by the water-binder ratio, degree of

hydration, and the degree of compaction.
2.6.4 Split Tensile Test

Although concrete is not nearly as strong in tension as it is in compression, concrete
tensile strength is important in most concrete applications. Tensile strength is typically
used as a concrete performance measure because it best simulates tensile stresses at the
bottom of the concrete surface course as it is subjected to loading, where tensile
cracking of concrete limits the usefulness as well as life of structures [36]. It is difficult
to directly measure because of secondary stresses induced by gripping a specilhen S0
that, it may be pulled apart. Therefore, one way is to measure the tensile stresses by

splitting tension test.

The split tension test is done by casting a standard cylinder of concrete specimens. A
diametral compressive load is then applied along the length of the cylinder until it fails.
Because concrete is much weaker in tension than compression, the cylinder will

typically fail due to horizontal tension and not vertical compression.
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CHAPTER 3
METHODOLOGY

3.0 RAW MATERIAL SELECTION

For making high strength concrete, it is essential to select proper ingredients. The basic
ingredients for concrete are water, cement and concrete and the admixtures added are
MIRHA and UEOQ. For cement, ASTM Type I, normal Portland cement was used in this
project. Table 3.1 shows the chemical compositions of normal original Portland cement

(OPC) Type L.

Table 3.1: Physical and Chemical Properties of OPC Type 1. (Adapted from Cement
Industries of Malaysia Berhad (CIMA))

. | Lime Saturation Factor 0.96
Modulus Silica Modulus 2.37
- | Iron Modulus 1.58
Compressive | 3 Days 38
Strength - - | 7 Days 46
(N/mm?) | 28 Days 56
o SIo, 19.98
Fe, O 327
Chemical AlLO; 517
Ingredients CaO 63.17
(%) . MgO 0.79
e SO; 2.38
Total Alkalis 0.90
Insoluble Residue 0.2

Aggregate occupies 60 to 70% of the concrete volume and plays a éigniﬁcant role in
achieving the properties of concrete. Gravel as course aggregate used was 14 mm
nominal maximum gravel. Sand as fine aggregate used was natural sand having a 3.35

mm nominal maximum size. Both aggregates conforming to BS 882: 1992.



The water requirement for concrete producing must be fiee from any dirt and/or

chemical. Tap water is the most suitable choice to satisfy the condition.

The rice husks used in this project were taken from rice milling plant Bernas, Malaysia.
The Microwave Incinerated Rice Husk Ash (MIRHA) was produced by microwave
incineration in the UTP laboratory. Further information on burning procedure is stated
further in subtopic 3.1.

Used engine oil which being used for this study comes from motor-vehicle transport i.e.
car, van, and lorry. It was obtained from the automobile workshop in Tronoh, Perak.

The chemical composition of both MIRHA and UEO are shown in the Table 3.2.

Table 3.2; Chemical compositions of MIRHA and used engine oil

Chemical - MIRHA | Used engine oil
Composition . B O RO
Si0, 88.6 -
KO 5.25
MgO 0.851
AlLO; 0.110
Fe,0; 0.114 0.43
Ca0 0.988 15.9
8303 0.501 37.0
P05 - 8.95
Zn0O - 17.7
Cr - 159

3.1 BURNING PROCEDURE OF RHA

Rice husk ash that is used in this study is produced by microwave incineration process.
The microwave incinerator used for the combustion process of the rice husk is shown in

the Figure 3.1. The microwave incinerator is located at Block I, UTP. In order to do the
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burning process, supervisions by lab assistant are required. The burning temperature for
the incinerator was set up in two (2) phases at different temperatures and certain period
of time. Table 3.2 shows the relative temperatures and their specific time for burning

Process.

MIRHA that is produced are grayish in color after being burnt twice. The first
incineration is at 150°C and continues to burn at 500°C after it was cooled down. This
temperature is the proven temperature which will ensure the silica components in the
ash is not destroyed. After MIRHA being cooled down, the ashes are ground using LA
Abrasion Machine three (3) times with 1000 cycles each. The allowance size of the
MIRHA is below 212 pm.

Table 3.3: Temperatures and times for microwave incinerator for MIRHA

Phase Temperature Duration Remarks
Phasel | 25°C=150°C | 15homs | L0 remove tieicarbon and other
volatile materials
(until it To ensure excess heat is not
reached an | generated that can cause
ambient crystalline MIRHA for the next
temperature) | burning stage

: To achieve amorphous silica
o] - (o]
Phase II 25 C=550°C 2.5 hours content of MIRHA.

Cooling 25°C

Figure 3.1: Microwave Incinerator in UTP laboratory.



3.2 CONCRETE MIXING

3.2.1 Mix Proportions

The proportions of the concrete mixtures are summarized in Table 3.3. A total of 9
mixes was made from three different water-binder ratios (w/b) i.e. 0.40, 0.37 and 0.34.
Each type of w/b has a control mix contains only 10% of MIRHA, and two other mixes
containing 3% and 4% of UEO. Water and admixtures was measured in percentage by

weight proportion of cement used.

Table 3.4: Mix proportion for concrete samples

OoPC RHA FA CA
Mix Type w/b UEO (%) | (kg/m’) (kg/m®) (kg/m’) (kg/m’)
M1 0
M1/UEO-3 3 500 50 690 1150
M1/UEO-4 Metl 4
M2 0
M2/UEO-3 3 550 55 670 1120
M2/UEO-4 037 4
M3 0
M3/UEO-3 3 600 60 650 1090
M3/UEO-4 0.34 4




3.2.2 Mixing Process

All concrete mixtures were mixed for five minutes in a laboratory counter-curreit

mixer. There are altogether six (7) mixes being produced for this project. Procedures for

1. Add coarse and fine aggregates
2. Mix aggregates for 25 seconds in rotator.
3. Add half amount of total water needed into the mixture.

Mix the mixture for 1 minute.

Ja

Leave the mixture for 8 minutes.

Add all cement and mix for 1 minute.

N oo

Add remaining water and mix for another 1 minutes.

Pour the mixture of concrete into the moulds 150 mm x 150 inm x 150

90

mm provided.

[Ref* BS 8110]

Concrete cubes were cast in standard steel miould of dimensions 100x100x100mm.
Concrete cylinders were cast mould in standard size of 100mm diameter and 200mm
height of steel cylinder moulds. Concrete in moulds was laid in few layers depending on
the mould thickness of approximately the same thickness for each layer. After laying
each layer, compaction was done by applying vibration according to the specifications
defined in BS 8110: 1997. Plain concrete planks of 400x400x40mm dimensions were
cast in wooden moulds, 55 mm diameter cores were drilled out after curing for 28-days

in water bath for porosity measurement from the planks.
After pouring the concrete into the mould, they are left to dry for 24 hours. After that,
they will be removed form their mould and moved into the curing tank until required for

testing for 3, 7, 28 and 90 days.

The main purposes of putting the molded concrete into the curing tank are; first, to

assist the continuation of hydration process deep within the cubes, which will increase
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the concrete optimum strength. Secondly, is to reduce the heat of hydration produces

which might cause cracks if the cubes are not properly cured.

3.3 TESTING PROCEDURE
33.1 Slump Test

This test was conducted after each mix of concrete; that is when the concrete is still in
fresh state. The procedure for Slump Test is as below:

1. Imvert the cone (see figure 3.3 and 3.4 below).

2. Fill it up with 3 layers of equal volume.

3. Each layer is tamped 25 times with the rod.

4. After that, the surface will be scarped off.

The cone than carefully lifted off.

E.aﬂ

6. The slump is measures. True slump and shear stump are acceptable.
[Ref: BS1881: Part 102: 1983]

TAMPING
ROD:
bia..5/8"

e 13 LU [ i

-i-

LiF 158G HANDLE ‘i_
B

B S NP

Figure 3.2: The measurement of slump Figure 3.3: The dimensions of cone used

.
in shump tes
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3.3.2 Compressive Strength Test

The compressive strength test of concrete cubes will be conducted at ages 3. 7, 28 and
90 days of curing. Compressive test would be done using the Universal Testing
Machine that complies with the BS 1610 standard (refer Figure 3.4). Load is applied
and increased continually without shock at a nominal rate within the range 0.2 N/mm’
to 0.4 N/mm” until no greater load can be sustained (until the concrete cube fails). The
maximum load applied to the cube is recorded and compared with another result form

different ages, so that the strength development of the cube can be described.

Figure 3.4: Compressive strength machine

3.3.3 Split Tensile Strength Test

For the splitting test for concrete, the test will be conducted at ages of 28-days on the
cylinder concrete samples. As compressive strength test, this test will be done by the
same Universal Testing Machine. The standard for this test is ASTM C 496. The
cylinder concrete samples will be inserted in the compression machine horizontally so
that the compression could be applied uniformly along two opposite plates. A metal pad
will be holding the concrete samples while the test takes place to equalize and distribute
the pressure. The compression will end until the concrete fails, which causing the

cylinder to split into halves. The maximum loading at failure is recorded.

(]
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As mention earlier, three (3) 55mm diameter discs will be cored-out from concrete

planks at the age of 28 days. The specimens were vacuum saturated in water, at fully

sntivatad nanditian T
saturatea condition. 11

1i¢ vacuum saturation apparatus used in this investigation is
similar to the method developed by RILEM (1984) for measuring the total porosity.

Figure 3.7 shows the diagram of the apparatus.

Then, the specimens were weighed in the air (W) and in the water (Wy). Finally, they

were dried in an oven at 105°C to constant weight (Wp).

Figure 3.5: Vacuum saturation apparatus

po

-t

osity, P of concrete samples is calculated using the following equation:

w,-Ww,
P=—"—210100 (3.1)
W,—Wy
Where:
P = Total porosity (%)
Wa = Weight of saturated samples measured in the air (g)
Ww = Weight of saturated samples measured in water (g)
Wp = Weight of oven dry samples measured in the air (g)



3.4 HAZARD ANALYSIS

Most of the project work was carried out in the concrete laboratory in Building 14,
UTP. Safety measures that were taken into consideration throughout the laboratory

works are provided in Table 3.5.
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CHAPTER 4
RESULTS AND DISCUSSION

4.0 CONCRETE SAMPLE ANALYSIS

4.1  Analysis on Fresh concrete

4.1.1 Slump test result and discussion:

The slump test is measured on the newly mixed concrete (within five (5) minutes after
obtaining the final portion of the composite sample). Figure 4.1 below shows
the variability of results obtained from slump test conducted on concrete samples in
their fresh state. The slump values observe in control mix do not shows any much
changes for the three different w/b ratios. However, slump values of UEO mixtures of
3% and 4% shows an improvement, compared to the control mix (CM). Basically, the
results suggest that slump value decrease as w/b ratio reduced from 0.4 to 0.34%.
Addition of 4% UEO to MIRHA concrete mix shows the highest increment of slump

value to at least 60% compare to the 3% UEO and control mix at 0.4 w/b ratio.
Generally, concrete containing RHA require more water for a given consistency, due to

the adsorptive character of cellular particles of MIRHA [17]. Though, the addition of
UEO has able to improve small percentage of workability in MIRHA concrete.
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25— I

04 0.37 0.34
water-binder ratio (%)

G Control Mix (10% RHA) 0 UEO-3 OUEO4

Figure 4.1: Slump test result for each mixture compare with the control mix of each w/b

ratio

4.2 Hardened Properties of Concrete

4.2.1 Compressive Strength Test Result and Discussion:

Three cubes are prepared for each mixture to ensure validity of result obtained. Results
of the test for different water-binder ratio are shown in the Figure 4.2, 4.3 and 4.4
below. In order to evaluate the UEO effect to the compressive strength of concrete,
compressive strength of control mix is compared with the compressive strength of
3%UEO or 4%UEO.

From Figure 4.2, the graph shows that the compressive strength for mixes of 0.4% w/b
varies as the used engine oil was added to the mix. CM shows a slow rate for the early
stage development as compared to the UEO mixtures. Both mixes demonstrate a rapid
strength development with higher strength achieved as the curing age passed through
28-days, which is better than the CM of the same w/b ratio.
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The same pattern of graph is developed for the compressive strength result of mixes of
0.37% w/b (see Figure 4.3). However, no clear trend on early strength development can
be seen as the graph demonstrates an equivalent rate of strength development for all the
mixes for this w/b ratio. Still, the addition of UEO (for both percentages) in MIRHA

concrete give rise to the compressive strength as they reached the 28-days of curing age.

Moreover, Figure 4.4 has shown a quite outstanding achievement for the compressive
strength development of concrete mix with RHA and UEO even though the early
strength development for both mixes was slower rate compare to the control mix. The
rate of early strength development for CM shows a rapid progress compare to both UEO
mixtures. Yet, in the later stage, both UEO mixtures tends to quickly develop in
strength, which able to outdone the CM compressive strength at 28-days.

MIRHA has the ability to contribute for strength of Portland cement (PC) in the early
ages of 1 - 3 days [4]. From the results obtained, rate of strength development in
MIRHA concrete at the early ages increase as the w/b ratio reduced. Addition of 3%
and 4%UEO in MIRHA concrete initially reduced the ability of MIRHA concrete to
assist in the early strength development. Nonetheless, both UEO mixtures managed to
develop rapid growth in the later stage and able to increase the MIRHA concrete
strength. Both percentage of UEO (3% and 4%) added in MIRHA concrete show
equivalent value of strength at 28-days for all the w/b ratios. Greatest effect of UEO in
strength was observed in the 0.34 w/b mix where the strength of MIRHA concrete was
improved by 20% for both UEO mixtures.
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Curing age (days)

Figure 4.2: Compressive strength for 0.4 % of w/b mix
*M1 - 10% MIRHA Sample, M1/UEO-3 — 10% MIRHA and 3% UEO Sample, MI/UEO-4 — 10% MIRHA and 4% UEO Sample

——M2
-~ M2/UEO-4

o 5 10 15 20 25 30
Curing age (days)

Figure 4.3: Compressive strength for 0.37% of w/b mix
*M2 - 10% MIRHA Sample, M2/UEO-3 — 10% MIRHA and 3% UEO Sample, M2/UEO-4 — 10% MIRHA and 4% UEO Sample
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Figure 4.4: Compressive strength for 0.34 % of w/b mix
*M3 — 10% MIRHA Sample, M3/UEO-3 — 10% MIRHA and 3% UEO Sample, M3/UEO-4 — 10% MIRHA and 4% UEO Sample

4.2.2 Split Tensile Test Result and Discussion:

Result for the 28-day split tensile test is presented in the Figure 4.5 below. The results
were compared with the control mix of 10% MIRHA. The addition of 4%UEO obtained
the highest tensile strength (about 21% increment) against MIRHA concrete. Whereas,
3% UEO in MIRHA concrete also shows growth of tensile strength; which is higher
(highest value at 16%) than CM as w/b ratio decreased.

According to Naik et al. (1995), the splitting tensile strength of pozzolan concretes is
higher than that of normal concrete, since the grain and pore refinement of concretes
resulted from the very high fineness of particles and pozzolanic reaction of the ashes.
The MIRHA fineness may has been contributing into the high value of concrete split
tensile value which has additional of UEO. The result has indicated that UEO able to
increased the modulus of elasticity on MIRHA concrete, which giving stiffness to

MIRHA concrete.
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However, as the w/b goes below 0.40, the tensile strength reduces. Generally, the
strength increases as the w/b reduces. However, this is not happen in this experiment as
it went below 0.40, the split tensile strength increases. Some errors might occur during
this experiment. As the w/b lower than 0.40, an inaccuracy on materials might be
occurred. For instance, the aggregates used are usually assumed to be saturated surface
dry. However, due to humidity of Malaysia, those aggregates might be too dry, thus
tends to absorb as much water, which then lead to disturbance on the concrete strength,
where the concrete will not be fully hydrated. Therefore, w/b 0.40 is chosen to be the

optimum value for concrete.

45 —_—— e - - - - — |

Tensile strength (MPa)
P

-

=]
tn

0.37
Mix type

i.ComrpI mix (10% MIRHA) BUEO-3 OUEO-4

Figure 4.5: The Split Tensile result for M1, M2 and M3 at 28-days of curing age

4.2.3 Porosity Test Result and Discussion:

Total porosity of hardened concrete is an indicator of quality, durability and strength.
As hydration process takes place, with respect to the increasing number of curing age,
the total porosity of concrete reduces. The lower the porosity of concrete would be a

sign of better and durable concrete.

36



The result on Figure 4.6 shows the porosity test result for three MIRHA concrete mixes.

CM concretes indicate increment as the w/b reduced.

It has been reported that at early age of curing (7 and 28 days) supplementary
cementitious materials are more porous than the plain cement paste and the pore size
distributions finely distributed, but at the later ages (90 days) this may be reversed.
They have also reported that pozzolanic materials increased the porosity and reduced
the pore structure [19]. The small RHA particles improved the particle packing density
of the blended cement, leading to a reduced volume of larger pores. The same theory
applies to both MIRHA concretes with UEO results. Reduction of porosity is observed
in both mixtures, but not much difference can be seen on the porosity value different
effect with 3 and 4%UEO. Even though the addition of UEO does not shows an obvious
changes to the concrete’s porosity, it somehow shows the ability to assist in reducing
the porosity of the concrete by almost 10%. This observation suggests that UEO could
enhance the durability of MIRHA concrete.

0.37
Mix type

B Control mix (10% MIRHA) BUEO-3 OUEO-4 |

Figure 4.6: The Porosity test result for M1, M2 and M3 at 28-days of curing age
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CHAPTERS
CONCLUSION

50 CONCLUSION

The main objective of this project includes creating an effective way to dispose
agricultural and industrial waste by incorporating them into high strength concrete
manufacturing. The results have shown convincing development of strength for the

concretes. As for the overall conclusion of this project are as follows:

1. Able to produced high strength concrete with the highest strength of
approximately 62 MPa with the combination of MIRHA and used engine oil.

2. The slump values for all MIRHA concrete samples of the three w/b mixes shows
a superplasticizer effect on improving workability (almost 60%) by the addition
of used engine oil.

3. Effect of used engine oil is seen on the hardened concrete properties, where the
used engine oil helps in improving the strength development of the concrete by
20%.

4. As for the split tensile strength, the addition of used engine oil assists on
strengthening the tensile strength bond of the MIRHA concrete up to 52% with
addition of 3%UEO.

5. The porosity of the concrete has shown an improvement as used engine oil helps

in lowering almost 10% of the MIRHA concrete porosity.
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