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Abstract

Self-compacting concrete (SCC) is considered as a concrete, which can be placed
and compacted under its own weight without vibration. The elimination of the need for
compaction leads to better quality concrete and substantial improvement of working
conditions. This paper investigates the fresh state and mechanical properties of self-
compacting concrete incorporating palm oil fuel ash (POFA) as a substitute for cement.
Portland cement (PC) was partially replaced with 0%, 5%, 10% and 15% POFA. The water
to cement rafio was fixed at 0.4 for all mixtures. The workability of self-compacting
concrete in terms of viscosity was determined from slump flow test (Diameter and Tseo),
and V-funnel. The mechanical property tests were conducted on SCC cubes and
cylinders to determine its compressive strength and modulus of elasticity. The results
indicate that replacement of 5% POFA is the optimum value for cement replacement to
obtain high workability and mechanical properties of concrete. SCC achieved the
highest compressive strength at 28 days, which is 38.4 MPa, and MOE of 31.6 GPa with
5% POFA replacement.

Keywords: Self compacting concrete, palm oil fuel ash, workability, compressive
stfrength, modulus of elasticity

Abstrak

Konkrit mampat sendiri (SCC) adalah konkrit yang dimampat oleh berat nya sendiri.
Tanpa keperluan untuk dimampatkan dengan menggunakan alat mampatan dapat
menghasilkan suasana kerja dan kualiti konkrit yang lebih baik. Kajian ini melihat
bagaimana abu kelapa sawit (POFA) mempengaruhi ciri-ciri awal konkrit ketika basah
dan juga ciri-ciri mekanikalnya. Simen Portland (PC) digantikan dengan 0%, 5%, 10%
dan15% POFA. Nisbah air simen ditetapkan pada kadar 0.4 bagi semua bancuhan.
Ujian runtuhan dan V-funnel dijolankan pada setfiap bancuhan bagi menentukan kadar
kebolehkerjaan dari aspek kelikatannya. Ujian mekanikal dijalankan keatas kiub dan
silinder SCC bagi menentukan kekuatan mampatan dan modulus keanjalan konkrit.
Hasil kajian menunjukkan 5% POFA adalah nilai optimum peratusan bagi menggantikan
simen untuk mendapat kadar kebolehkerjaan dan sifat mekanikal konkrit yang baik.
SCC mencapai nilai kekuatan mampatan maksima dan modulus keanjalan iaitu
masing-masing 38.4 MPa dan 31.6 GPa pada hari ke 28 dengan campuran 5% POFA.

Kata kunci: Konkrit mampat sendiri, abu kelapa sawit, kebolehkerjaan, kekuatan
mampatan, modulus keanjalan
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1.0 INTRODUCTION

Self-compacting concrete (SCC) is a highly flow able
non-segregated concrete which spread into place.
Self-compacting concrete was first developed in 1988
in Japan [1]. It does not require vibration and able to
flow under its own weight, completely filing formwork
and achieving full compaction even in the presence of
congested reinforcement. Self-compacting concrete is
the modified concrete with the use of chemical (super
plasticizers and viscosity modifiers) and mineral (fly ash,
slag, silica fume) admixtures in the concrete. It is
generally designed with high content of fine material.

Advantages of SCC include faster construction,
reduction in manpower, easier placing, uniform and
complete consolidation, befter surface finishes,
improved durability, increased strength and safer
working environment [1]. Malaysia is the largest
producer of palm oil and palm oil products [2, 3]. It has
been estimated that the total solid waste generated
by this industry in some two hundred palm oil mills in the
country has amounted to about ten millions tons a year
[4]. More waste is produced vyearly and the
government need to allocate more dump area for
disposal in the form of landfills. Dumped waste has
been a major issue in this country. One oft the solution
for this problem is to recycle the waste. Fortunately, the
waste materials from oil palm have the potential to be
used as construction materials to replace cement or at
least to be used together with it [5].

This paper reports the fresh state and mechanical
properties of SCC incorporating with POFA. POFA is a
by-product in palm oil mill. It is a waste obtained from
buning the palm oil fibers, shells and empty hit
bunches as fuel to produce steam for generating the
electricity for palm oil extraction process. The fresh
state properties of SCC were deftermined by using
mixfure designed by Bouzoubaa and Lachemi [6]. The
mechanical properties of SCC, which include its
compressive strength, and modulus of elasticity were
determined by conducting a compressive strength test
on SCC cubes and cylinders. All tests were conducted
according fo the British Standard code [7, 8, 9].
Substituting Portland cement with POFA will make the
concrete more workable and suitable for the
construction. SCC concrete incorporating POFA is able
to produce concrete with compressive strength similar
or higher than conventional concrete.

2.0 MATERIALS AND METHODS

Self-compacting concrete specimens were formed by
mixing cement, water, fine aggregate, coarse
aggregates, POFA and super plasticiser.

2.1 Mixture Design

The mix design method in this study was based on the
design by Ghezal & Khayat, 2002, as shown in Table 1
[10].

Table 1 Concrete mix design (Ghezal & Khayat, 2002)

Compos  cem Coar

ition POFA Sand Water
ofiscc oM kel kel %, S Powder
(kg/ m?3) m?3) (kg/ (%) Ratio
POFA m3) m3)
0% 400 0 718 850 2 0.55
5% 380 20 718 850 2 0.55
10% 360 40 718 850 2 0.55
15% 340 60 718 850 2 0.55

2.2 Laboratory Tests

The laboratory tests conducted in this study are
categorized into two types; namely, fresh state
property test and mechanical strength test on SCC
cube and cylindrical specimens containing POFA.
Fresh concrete test were performed to investigate the
properties of fresh SCC mixture which include slump
flow test, slump flow T50 fest, and V-funnel test to
determine its filing ability, passing ability and resistance
to segregation. The mechanical strength tests include
compressive strength fest on the SCC cubes and
cylinders to determine its compressive sfrength and
modulus of elasticity.

3.0 RESULTS AND DISCUSSION

3.1 Workability

Table 2 shows the results for workability of the fresh SCC
as obtained from slump flow test (Slump flow diameter
and Tseo), V-funnel, and V-funnel at Tsmin for various

percentage of POFA used.

Table 2 The result of Slump flow test and slump flow Tso test

Slump Flow Test
Diameter,mm

Sample Max Perpendicular Average
diameter,dm diameter, Diameter, Tsoo (s)
ax (mm) dperp(Mmm) S (mm)
CONTROL 540 560 550 6
5% POFA 680 620 650 1
10% 660 600 630 2
15% 600 600 600 2.5

3.2 Slump Flow Test

Results showed that for the SCC confrol mixture, the
slump flow spread diameter was 400 mm while for Tsoo it
did not achieve 500 mm flow spread. With the
presence of 20% fly ash the slump flow spread diameter
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and Tspo showed increment up to 625 mm and 7 s,
respectively. The 40% fly ash mixture recorded optimum
workability compared to 60% fly ash SCC mixture.
However, the spreading range obtained was all within
the acceptable range, which is from 500mm to 700mm
[6]. The results are as shown in Figure 1 and Figure 2.

Slump Flow test
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Figure 1 The bar graph of Slump Flow Result

From the bar graphs in Figure 1 and Figure 2, for the
SCC conftrol mixture, the slump flow spread diameter is
550 mm while for Tsoo, the 5 s was not achieve because
it did not achieve 600 mm spread. For the mixture with
5% POFA, the slump flow spread diameter and Tsoo
showed the increase up to 650 mm and 1 s. The 10%
POFA mixture recorded optimum workability when
compared to the slump flow spreading with 15% POFA
SCC mixture. The spreading range obfained was
between 550 mm to 650 mm and sfill within the
acceptable range which is from 600 mm to 655 mm
[11]. There are three typical slump flow classes and flow
rate (Tsoo) classes as shown in Table 3 and Table 4,
respectively according fo European Guideline (EN 206-

1).
1500 Slump Flow Test
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Figure 2 The bar graph of Slump Flow Tseo Result

Table 3 Slump Flow Classes ( EN 206-1)

Slump Flow (SF) Class Limit Values (mm)
SF1 550 to 650
SF2 660 to 750
SF3 760 to 850

Table 4 Tspo Slump Flow (EN 206-1)

Viscosity(Tso0) class Limit value (s)
VS1 <2
VS 2 <2

The slump flow results indicated that the control
specimens did noft fulfill the limit values provided. The
ufilization of 5%, 10% and 15% POFA recorded
increased workability of the fresh concretfe. Based on
Table 3, all specimens fall in the group of SF 1 class.
From Table 4, the viscosity of the specimens with 5%
and 10% POFA recorded from T500 test isin VS 1 class.

3.3 V-Funnel Test

The main purpose of V-funnel is to determine the filling
ability of the concrete whereby the flow time is
measured. The funnel is filled with the concrete and the
fime taken for it to flow through the apparatus is
measured. Tsmin is also measured with V-funnel, which
indicates the tendency for segregation, wherein the
funnel can be refilled with concrete and left for 5
minutes fo seftle. If the concrete shows segregation,
the flow time will increase significantly.

Table 5 The result of V-funnel test

Percentage of V-funnel
POFA (%) V-funnel (sec) T5min
CONTROL 10 5
5% POFA 5 1
10% POFA 6 1.5
15% POFA 9 2

Table 5 shows the result from the V-funnel test. The
fime measured using the V-funnel was in the range of 6
to 12 s (EFNARC, 2002) depending mainly on the SCC
mixture used. The lowest V-funnel flow fime of 5 s was
measured for the SCC contains 5% POFA while the
mixture standard SCC had highest flow time of 10 s. The
graphical result is shown in Figure 3.

Based on the Table 6 there are two typical V-funnel
classes according fo European Guideline (EN 206-1).
The V-funnel result indicated that SCC contains 5% and
10% POFA are in VFI class where range from 8-25 sec
though the control SCC and SCC contains 15% POFA
are in class VF2 where the range from 9 s until 25 s. it is
shown that all mix design are in the range of EFNARC
requirement.
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V-funnel test
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Figure 3 The bar graph of V-funnel Result

Table é V-Funnel Class (EN 206-1)

V-funnel class Limit value (s)
VF 1 <8
VF 2 9-25

3.4 Mechanical Properties
3.4.1 Compressive Strength

Figure 4 shows the average value of compressive
stfrength for each type of concrete for the respective
age of curing. The confrol SCC recorded compressive
stfrength of 42.7, 46.1 and 50.5 MPa, at 7, 28, and 56
days of age, respectively. SCC contains 40% fly ash
recorded the highest value of compressive strength
whichis 27.2, 39.4 and 43.9 MPa at 7, 28 and 56 days,
respectively. The lowest value of compressive strength
goes to 60% fly ash which is 17.0, 22.6 and 28.5 MPa at
7. 14 28 and 56 days.

Compressive Strength vs Duration
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Figure 4 Average value of compressive strength for each type
of concrete

From the result, it can be conclude that there is a
limit of POFA content to increase the concrete
performance. The fineness of POFA has affected the
workability of the concrete. The higher amount of POFA

incorporated in the concrete mixture will results with
lower value of compressive strength.

3.4.1 Modulus of Elasticity

From the outcome result shown in Figure 5, concrete
cylinder containing 5% POFA show the highest value of
Modulus Of  Elasticity  (MOE) which is 31.6 MPa.
However, overall result of Modulus of Elasticity for
Control SCC and other mixture are in the typical range
for the static modulus of elasticity at 28 days based on
British Standard, BS 8110 part 2.

Average of MOE of Elasticity (Gpa)
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Figure 5 Results of Modulus of Elasticity

4.0 CONCLUSION

The workability of the SCC concrete with POFA
decreases with increased dose of POFA. The opfimum
percentage of POFA with adequate strength is found
to be about 5%. The highest compressive strength was
achieved in SCC mixture with 5% of POFA which is 34.4
MPa at 28 days. MOE tend to decrease with the
increase in POFA used except for mixture with 5%
POFA.
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