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Abstract—In the modern construction practices, industriatea
or by-products are largely used as raw materialcément and
concrete. These impart many benefits to the enmem and bring-
about an economic impact because the cost of wgisposal is
constantly increasing due to strict environmenggjutations. It was
reported in literature that the leakage of oil ootmcrete element in
older cement grinding unit resulted in concretéenwgteater resistance
to freezing and thawing. This effect was thoughtb® similar to
adding an air-entraining chemical admixture to cetee This paper
presents an investigation on the load deflectidmab®ur and crack
patterns of reinforced concrete (RC) beams sulgetiefour point
loading. Ten 120x260x1900 mm beams were cast wiB%d
ordinary Portland cement (OPC) concrete, 20% fly&#) and 20%
rice husk ash (RHA) blended cement concrete. 0.H#age of
admixtures (used engine oil, new engine oil, andegplasticizer)
was used throughout the experiment. Results shaiv @PC and
OPC/RHA RC beams containing used engine oil anérglgsticizer
exhibit higher capacity, 18-26% than their corresfing control
mix.

Keywor ds—by-products,
engine oil

RC beams, superplasticizer,

|. INTRODUCTION

B.Used Engine Oil

Hazards related with used engine oil are resultean f
various additives used in its manufacture and fre@vy metal
contaminants picked up from the internal combusgagine.
Used engine oil poured into household drains ceatliy onto
the ground, may leads into waterways and groundwaate
lllegally disposed of oil can pollute the grounderatwith
contaminants such as lead, magnesium, copper,
chromium, arsenic, chlorides, cadmium and polychéied
biphenyls. It is estimated that one quart of usegire oil can
pollute 250,000 gallons of drinking water. Used ieagoil
from a single oil change can ruin a million gallooisfresh
water, which is sufficient for one year’s supply &0 people.
One quart of used engine oil can pollute up to 30,3quare
feet of soil, making it non-productive for farmirg plant
growth for up to 100 years. Many countries in tharld have
imposed rules and regulations regarding the satk lagal

useaisposal of used engine oil. However, the actuat fa that

approximately 40% of the used engine oil is illégdisposed
of, that eventually drops into the rivers and 4@§9[3]. It has
been reported in the literature that the leakageilohto the

WASTESor better known as by-products obtained from thgg ent in older grinding units resulted in concreitl greater

industrial, agricultural or any other process whies

no economical demand and necessary to be dispoked

properly. For the past decades, processed or uegsed
industrial wastes have been used as raw materiaterment
manufacturing, components of concrete binder, agdes or a
portion of aggregate, or can be used as ingredieiits
manufactured aggregates [1].

A.By-products/Waste

Industrial wastes and by-products either solid iguidl
based chemical are available in large quantitiéowr the
world. Environmental agencies in most of the caesthave
laws and regulations regarding safe handling/disbo$ the
waste. However, huge amount of such waste areallieg
disposed of, which may cause severe environmentsélgms.
On the other hand, current trends in enhancing retec
properties are made by incorporating huge amountastes
such as the use fly ash as partial cement replatemeerial.
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resistance to freezing and thawing. This means ddaling
uSed engine oil into fresh concrete mix could bailar to
adding an air-entraining chemical admixture [1], [2

C.Fly Ash

Fly ash is a by-product produced from burning df/prized
coal in thermal power plants. Its physical, chemiand
mineralogical properties are highly dependent entyipe and
source of coal, type of burning system, burningperature,
type of pollution control system used and so on.rld&/o
utilization of coal for generating electricity imwer stations is
approximately 4800 million tons annually, which guces
about 600 million tons of fly ash [4], [5]. Fly asthich has
pozzolanic and cementitious characteristics inneahas made
it a useful cement replacement material for proogdnigh
performance concrete. Its major component consisSiO,,

Al20;, Fe2Q, and CaO in which their relative percentages

mainly depend on the type of coal burned at thegogiant.
Fly ash which obtained from burning of bituminowsals such
as anthracite contains relatively low quantity alcgum oxide,
CaO which known as low calcium fly ash. Burning sofb-
bituminous coals like lignite results in ash witlgher CaO
content, better known as high calcium fly ash. ASTl&ksifies
low calcium fly ash as Class F and the high calcilynash as
Class C [4], [6]. Low-calcium fly ash with propeoroposition
possesses pozzolanic properties, whereas highioalty ash
contains hydraulic properties. In the past decafiesish has

zinc,
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been increasingly used as a major cement replacenaarial
even though more than 80% is disposed of as waaterial
[4], [7]. At present, approximately 28% of elecityc in
Malaysia is generated by pulverized coal burnihgohsumes
about 8 million tons of coal annually and about 6586
generated by natural gas. To reduce the depenaenogtural
gas as a main fuel for electricity generation, éary2004 the
Malaysia government decided that by year 2010 stiae of
coal in the fuel mix for electricity generation wdincrease to
about 40%. This increased in usage of coal burimribermal
power plants will indirectly increase the produatiof fly ash
to an estimated 2.5 to 3 million tons per year.

D.Rice Husk Ash

Approximately 100 million tons/year of rice husksea
available for disposal worldwide. This agriculturehste can
be used as a combustion source for electrical pgiants,
from which rice husk ash (RHA) is obtained. Thedurction
rate of RHA is about 20% of the dried rice huskeras the
combustion of the rice husks produces approxima2&lyo
high silica ash. This shows that there is a poaénfior
producing 20 million tons of rice husk ash evenaryeThe
burning temperature of a rice husk ash combustionate
must be controlled to keep silica in an amorphdasesas
crystalline silica is hazardous to human healthe Dlrning
process should be controlled to remove the cekuéoxl lignin
portion while preserving the original cellular stture of rice
husks. A very high pozzolanic activity can be achidue to
the microporosity and the high surface area ofptmeluct or
even the material has not been ground to fine garsiuch as
silica fume. In terms of engineering propertieseréh is
substantial reduction in the permeability when ooystalline
rice husk ash was used as a mineral admixturennorete [8],

[9].

Il. RESEARCHSIGNIFICANCE

This paper provides the results of an experimgmiadram
to investigate the behaviour of reinforced concrbeams
containing used engine oil as chemical admixtunesrdinary
Portland cement and cement replacement materiarufiodir
point bending. Results of this experimental progmaay be
useful to determine whether the durability propertiof
concrete could be enhanced by adding used enginasoi

(RHA). Gravel as course aggregate used is 14 mminabm
maximum gravel. Sand as fine aggregate used isalatand
having a 3.35 mm nominal maximum size. Both aggesga
conforming to BS 882: 1992 [11]. In this experimant
program, 0.15% dosage of used engine oil, new engjirand
superplasticizer (naphthalene formaldehyde sulpiednaere
used. Used engine oil was collected from a workshbp
Tronoh, Perak. The ingredients which consist of ensand
and gravel are proportioned by weight ratio of 3323.5. The
water/cement used was 0.55 (by weight) throughdngt t
experimental studies. Water and admixture are nnedsin
percentage by weight proportion of cement used.BORA |
lists the chemical composition of OPC, fly ash aicg husk
ash. The chemical composition of used and new engijnis
shown in Table II.

TABLE |
CHEMICAL COMPOSITION ONOPC,FLY ASH AND RICE HUSK ASH
Chemical OPC FA RHA
Composition (%) (%) (%)
SiG, 21.9¢ 5119 86.1
Al,O3 4.65 24.00 0.17
Fe0s 2.27 6.60 2.87
CaC 61.5¢ 5.57 1.02
MgO 4.27 2.4C 0.84
SO; 2.19 0.88 0.41
K0 1.04 1.14 4.65
Na,O 0.11 2.12 -
TABLE Il

CHEMICAL COMPOSITION OFUSEDENGINE OIL AND NEW ENGINE OIL

Chemical Used engine oil | New engine oil
Composition (%) (%)
SiO; - 0.85
Fe0s 0.42 0.1¢
CaC 15.¢ 21.C
SO 37.0 36.3
P>Os 8.95 13.4
ZnO 17.7 25.6
CI 15.¢ -

B.Material Preparation

Mixing of concrete ingredients was performed in the
laboratory of Civil Engineering Department, Univérs
Teknologi PETRONAS using a 100 liter capacity ceter
mixer. The dry ingredients which include cementdsand
gravel was first mixed for 1 minute in the mixtupeior to

chemical admixture and at the same time as a metbhodwater addition. Admixtures such as used engine ro#w

dispose the oil waste.

IIl.  EXPERIMENTAL PROGRAM

In the experimental program of this research, testse
conducted on RC beams under four point loading. Gédwms
were tested to investigate their load deflectiohawsour and
cracking patterns.

A.Material Properties

The cementitious materials used in this study wgpécal
ordinary Portland cement Type | which conformed the
requirements of BS 12 [10], fly ash (FA) and ricesk ash

engine oil and superplasticizer are diluted in wdttefore it
was added to the dry ingredients in the mixer. Adigdition of
water to dry ingredients, it was mixed for 1 minineorder to
achieve homogeneous concrete. On the other hapdpod
formworks were fabricated and RC beams were catsit the
dimension of 120 x 260 x 1900 mm. After 24 houing, beams
were removed from the formworks and cured at room
temperature with wet gunny bags until a period®tiays.

C.Test Setup

Tests were carried out on ten beam specimens. e¢amd
with 120 mm x 260 mm cross section and 1800 mnT dpan
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were simply supported and loaded in a four poirdaregement
with a constant moment region of 600 mm. The regdment
of the beams is shown in Fig. 1. Steel stirrups6ofmm
diameter were used at 150 mm spacing along the beyagth
for all beams. The top and bottom steel reinforaemevere
12 mm diameter size. The test setup is shown inZig

P P
~ Two 12-mm
dia.bar:
< 600 —
- R6 stirrups
=] |<
@ 150c/c — Two 12-mm
50 dia. bars
\ 1800 |

Fig. 1 Details of test specimen (unit in mm)

Fig. 2 Test setup

The four point flexural test of RC beams was @enied on
a Universal Testing Machine (UTM) with a maximunadb
capacity of 1000 kN under the displacement controtle. All
beams were tested to failure in four point bendiith an

2415-1734
No:3, 2012

of the beam at the midspan. The development angbgadion
of cracks were marked and the ultimate load ofbis@ms was
recorded.

IV. RESULTS ANDDISCUSSION

A.Crack Patterns

Crack patterns of 100% OPC control beam, CM and4.00
OPC contained 0.15% used and new engine oil and
superplasticizer, OPC/UEO, OPC/NEO and OPC/SP are
shown in Fig. 3 - 6 respectively. The numbers deghe
cracks indicate the order of cracks appeared with t
increment of load. It was observed that the filstdral crack
was appeared in the constant moment region. Asldaée
increased, cracks formed on the tension side aloagntire
beam length. Cracks were seen initiated from thetdoad
towards the support which caused the peeling otrede to
occur. Just before failure, it was observed thasite cracks
close to the supports, propagated diagonally tosvaite
location of load P and transformed into a diagahalar crack.
The failure was sudden and brittle. The crackind &ailure
patterns of CM, OPC/UEO and OPC/NEO beams were
similar. However, the cracks inside the constantmert
region were wider than outside due to the higheelsitresses
of OPC/SP beam. After yielding and drop in the loagacity,
the cracks increased in width until the test coneule

As for crack patterns of 20% fly ash blended eeim
concrete beams, it was observed that cracks foatedy the
entire length of the constant moment region as ltes
increased. Likewise in OPC concrete beams, befohaé, the
tensile cracks nearby to the support propagatedodally
towards the location of load P and transformed @ntbagonal
shear crack. It was observed that the failure wasp and
brittle. The cracking and failure patterns of &fldsh concrete
beams were observed the same. The crack patteritys axh
concrete beams are depicted in Fig. 7- 8.

Meanwhile, crack patterns of 20% rice husk algmded
cement concrete beams were recorded. The resuftsned
were similar to the other two groups of the beawlhen the
load increased, crack patterns were formed alopgetitire
length of the constant moment region of the beahe Geams
exhibited patterns of tensile crack close to thepsut. These
cracks then propagated diagonally towards the ilocaif load
P which eventually turned into diagonal shear csaokfore
failure occurred. The failure observed was suddehkittle.
The cracking and failure patterns of all the beawere
identical. Fig. 9-10 show the crack patterns oé rimisk ash

effective span of 1800 mm. The corresponding beapyncrete beams.

deflection was monitored by means of a linear Vdeia
displacement transducer (LVDT) mounted at the Imotsoffit
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Fig. 3 Crack patterns of RC beam OPC control mM, C
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Fig. 4 Crack patterns of RC beam OPC contain 0.45é46l engine oil, OPC/UEO
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Fig. 5 Crack patterns of RC beam OPC contain 0.t86% engine oil, OPC/NEO
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Fig. 6 Crack patterns of RC beam OPC contain 0.86p&rplasticizer, OPC/SP
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Fig. 7 Crack patterns of RC beam 20% fly ash cor@al 5% used engine oil, 20FA/UEO
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Fig. 8 Crack patterns of RC beam 20% fly ash corial 5% superplasticizer, 20FA/SP
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g. 9 Crack patterns of RC beam 20% rice huskcasitain 0.15% used engine oil, 20RHA/UEO
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Fig. 10 Crack patterns of RC beam 20% rice huskcasiain 0.15% superplasticizer, 20RHA/SP
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B.Load Deflection Curves and Ultimate Load

The load deflection curves of all OPC concrete sizee
illustrated in Fig. 11. It was observed that thémate load
capacity of control beam, CM was obtained as 7N2:vith a
deflection of 10 mm. Superplasticizer in OPC cotefgeam,
OPC/SP showed the highest ultimate load capadig,8LkN
with a deflection of 13.5 mm whereas used engihénddPC
concrete beam, OPC/UEO was obtained as 94.8 kN avith
deflection of 31.6 mm. Both the beams showed 458638%
higher in ultimate capacity compared to the corbedm, CM.
The ultimate loads and deflections at midspan &ted in
TABLE lII.

——Q0PC -®-OPC/UEO -4 OPC/NEO —<OPC/SP

Tl /

Load (kN)

——20FA

—e—20FA/UEO ——20FA/SP

Load (kN)

20
Deflection (mm)

30

40

Fig. 12 Load deflection curves of 20% fly ash cetebeams

The load deflection curves of 20% RHA concrete beam

which consists of 20RHA, 20RHA/UEO and 20RHA/SP are
plotted in Fig. 13. It was observed that the cotcitgeams
made of the mix 20RHA/SP and 20RHA/UEO have shown
24% and 21% higher ultimate load capacity compaoethe
/ ultimate capacity of 20RHA beam which was obtaiaed’2.1
kN. The maximum deflection of the beams made of 2AR

Ny
N \
N

20 30
Deflection (mm)

0 10

20RHA/UEO and 20RHA/SP was obtained as 14.2 mni, 15.
mm and 16.7 mm respectively. The following resalts listed
in TABLE Ill. It is noted that RC beams made of dsngine

Fig. 11 Load deflection curves of 100% OPC concbe@ms

On the other hand, load deflection curves of fly esncrete
mixes are shown in Fig. 12. It indicates that thHgmate
capacity of concrete mixes 20FA/UEO and 20FA/SPewer
obtained as 83.2 kN and 68.6 kN respectively. Thienate
load capacity of 20FA/UEO and 20FA/SP beams wasitab®
and 27% lower than the ultimate capacity of thetr@mmix
20FA, which was obtained as 95.2 kN. The deflectbthe
three beams 20FA, 20FA/UEO and 20FA/SP was obtaased
15.5 mm, 10.6 mm and 9.5 mm respectively. The tesrke
listed in TABLE IIl. This signifies that there isewy little
variation in the flexural stiffness of the threeles.

TABLE

oil and superplasticizer have shown higher flexwtiffness
than the control mix, 20RHA.

=+—20RHA

~#-20RHA/UEO  =+—20RHA/SP

Load (kN)

Deflection (mm)

Fig. 13 Load deflection curves of 20% rice husk eshcrete beams

ULTIMATE LOAD OFOPC,FLY AsH AND RICE HUsk ASH CONCRETEMIXES

No. Beam Percentage of Measured Ultimate Deflection at

Notation Used Engine Oil , Load, kN Midspan, mm
%

1 CM 0 71.2 10.0

2 OPC/UEC 0.15% 94.¢ 31.€

3 OPC/NEC 0.15% 98.2 12.C

4 OPCI/SI 0.15% 103.¢ 13

5 20FA 0 95.2 15

6 20FA/UEC 0.15% 83.2 10.€

7 20FA/SP 0.15% 68.6 9.5

8 20RHA 0 72.1 14.2

9 20RHA/UEO 0.15% 87.3 15.1

10 20RHA/SP 0.15% 89.3 16.7
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C.Analysis of Results

In general, it is found that RC beams of 100% OPC,
OPC/FA and OPC/RHA concrete failed in shear. Thig due  4)
to overall concrete in the beams contributed madstshear. In
group of OPC RC beams, used engine oil has shomnsal
similar ultimate load compared to the performanéenew
engine oil, with a difference of 4%. Used enginkiniOPC
RC beam has demonstrated higher ultimate load, 25%
compared to OPC control beam. Meanwhile, supeipiast
in OPC RC beam has shown the highest ultimate [588,8

potential to be used as superplasticizer withosinkp
engineering and structural behaviour of concrete.

It is recommended that the researches in this trdse
continued in order to investigate a number of défe
parameters which were not explore in this studghsas
the effects of used engine oil on high strengthcoete,
effects on corrosion, fatigue and elastic propsrtie
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OPC RC beam is lower than superplasticizer, howeiter
exhibited higher ultimate load compared to CM amdl n
harmful effects were traced in the reinforcementttef RC [y
beams. The results of RC beams behaviour obtained
supported the investigation available in literatiir2). 2]
As in OPC/FA RC concrete beams, 20% fly ashrobnt
beam, 20FA appeared to be the highest measuradatsti
load, 95.2 kN compared to the ultimate load of OPC/FA
contained used engine oil and superplasticizer,h wat (3]
difference of 13% and 28% respectively. This mag thuthe
effects of concrete in the beams. Llkewise, in GRCbeams,
OPC/RHA control beam achieved an ultimate load2f kN,
exhibited 18% less than OPC/RHA RC beam contairssti u
engine oil and superplasticizer. The performanceuséd
engine oil and superplasticizer in OPC/RHA beamsewe[®]
almost similar, with a difference of 2% in ultimdead. 6]
New engine oil was not tested in OPC/FA and G [7]
RC beams as it is assumed to give almost simildrigiter in
load compared to used engine oil. It can be obseiveOPC (8]
RC beam contained new engine oil and used enginenoi
which new engine oil exhibited 4% higher than thiémate [°]
load of used engine oil. In general, for all catégm of RC
beams, the performance of used engine oil is coafysato the
performance of superplasticizer, within a rang2-018%.

[10]
[11]

V.CONCLUSION AND RECOMMENDATIONS [12]

Based on the above results and discussion, thewioig
conclusions are made.

1) The effect of used engine oil on the cracking patief
RC beams in 100% OPC, OPC/FA and OPC/RHA were
observed similar and the failure mode was in sh&he
ultimate load achieved by all beams varied betw&®mo
104 kN.

2) OPC and OPC/RHA concrete beams that contained used
engine oil, new engine oil and superplasticizervsth
higher capacity, 18-26% than their correspondingtrod
mix. Fly ash concrete beams with admixtures showed
lower capacity than their corresponding control.mix

3) Reinforced concrete beams behaviour investigatetisn
study were in line with those investigated by other
researchers and reported in the literature. Basethe
experimental program of this study, used engineha#
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