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Abstract. Self-Compacting Concrete (SCC) is an innovative concrete which 
firstly, developed in Japan. This type of concrete has an ability to flow under its 
own weight to fill formwork completely and does not require vibration for 
placing and compaction. This research studies the effects of percentages of fly 
ash as a part of cement replacement in concrete mixture and curing temperature 
to strengthten the development of concrete. The fly ash was taken from PT IMIP 
industry Morowali. The percentage of fly ash to replace cement in concrete 
mixtures are 0, 10, 15 and 20 % by weight of cementitious materials. The curing 
temperatures are set to room temperature, 30, 40 and 50 oC. The results show that 
the optimum percentage of fly ash to replace cement in concrete mixture is 15 %; 
which is lower than that of generally used in researches conducted other countries 
(25 – 30 %). This is caused the used cement in concrete mixtures is PCC, which 
has already mixed with fly ash in clinker in cement producing process. The results 
also show that the higher curing temperature result the higher strength of concrete 
at early ages. This proves that the curing temperature affect the strength of 
concrete as the curing temperature increase the activation energy of concrete and 
accelerates the cement hydration process. This increases strength of concrete at 
early ages. 

Keywords: Self-compacting concrete, fly ash, curing temperature and strength 
development. 

1. Introduction

The earth’s temperature was changed in a wide range which resulted an increasing in 
global warning. This was caused by increasing of CO2 gas emission in atmosphere. 
One of the contributors of the problem was production process of cement. Use of 
pozzolanic compound from waste material fly ash as a part substitute of ordinary 
portland cement (OPC) in concrete mixture has shown a big potential in the utilization 
of these waste material that also improve the properties of concrete mixture and then 
reducing the air pollution caused by production of cement[1-3]. 
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Fly ash is waste and fine material which is by product of combustion of pulverized 
coal in electric and steam generating plants. At standard (room) temperature fly ash 
reacts chemically with calcium hydroxide acts as pozzolanic material to form 
compounds that has cementitious properties [4-7]. In India, it is approximately 115 
million tons of fly ash was produced annually from thermal power plants. There are 
many researches have been done to evaluate the effects of use of of fly ash as a part of 
cement replacement in concrete mixture [5]. 

The effect of curing temperature to strength development of concrete have been 
conducted [8-14]. Figure 1 below presents the effect of curing temperature to strength 
development of concrete. 

Fig. 1. Relation between compressive strength and curing time at different curing 
temperature[6] 

For the same concrete mixture, concretes with the higher curing temperatures 
have the higher strength at early age as the rate of reaction is greater. The strength of 
the concretes, however, is lower at later age. Conversely, the strength given by those 
concretes cured at lower curing temperatures are lower at early ages, but they are 
having higher strength at later ages. This phenomenon is called “crossover effect”. 
[15-17]. This is caused by creation of dense hydrated phases around the unreacted 
cement particles avoiding water to reach the anhydrite cement grain for further 
hydration. 

This research is carried out to find the effect of percentage of fly ash to replace 
a part of Portland cement in concrete mixtures and curing temperature to the strength 
development of self-compacted concrete. 
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2. Self-Compacted Concrete

Self-compacting concrete is a type of concrete which can flow into formwork without 
segregation, to fill uniformly and completely every corner of the formwork by its own 
weight without applying vibration during placing.[18-20]. SCC was first introduced in 
the late 1980’s by Japanese researchers named Okamura.[21, 22]. The flowability of 
SCC is measured in terms of spread when using a modified version of the slump test 
(ASTM C 143). The spread (slump flow) of SCC typically ranges from 550 to 850 
mm[23] without segregation depending on the requirements for the project. 

Recently, the development of Self-Compacting Concrete (SCC) has become very 
important in the building industry. The benefits of this type of concrete are to reduce 
the risk due to the human factor, to enable the economic efficiency, and decrease more 
human work. Another excess of this concrete that it can flow through and fill gaps of 
reinforcement and corners of formwork without any need for vibrations and 
compacting during the pouring process. Therefore, SCC must have enough paste 
volume and proper paste rheology. Paste volumes are usually higher than that of 
conventionally placed concrete and typically consist of high powder contents and 
water-powder ratios. 

Based on SCC concrete specifications issued by EFNARC (2005)[23], concrete is 
categorised as SCC concrete when it has properties in the fresh state (fresh concrete) 
must have high workability so that it is capable: 

a. Filling ability is the ability of fresh SCC concrete to be able to fill the mould
or formwork without vibrating tools. To determine the filling ability’ of SCC
concrete, a slump flow test is used using Abrams cones to determine the condition of
concrete workability based on the ability to spread fresh concrete expressed in terms
of diameter, which is between 65-80 cm.

b. Passing ability is the ability of SCC concrete to fill every corner of the
mould or formwork even through obstacles in the form of solid reinforcing iron. To
determine the ‘passing ability’ of SCC concrete, the L-box test is used. With the
L-box test, the blocking ratio value will be obtained, which is the value obtained from
the H2/H1 ratio. The greater the blocking ratio value, the better the fresh concrete
flows with a certain viscosity. For SCC concrete criteria, the blocking ratio value
ranges from 0.8 - 1.0.

c. Segregation resistance is the ability of SCC concrete not to segregate. TheV- 
Funnel test was used to measure the viscosity of SCC concrete and to determine the
‘segregation resistance’. The ability of fresh concrete to immediately flow through the
mouth at the bottom end of the V-funnel measuring instrument is measured in a time
between 8 - 12 seconds.

Basically, the materials for making normal concrete consisting of cement, fine 
aggregate (sand), coarse aggregate and water are the same as those used for making 
SCC concrete. The proportion of coarse aggregate in normal strength concrete reaches 
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70-75% of the total volume of concrete, while in SCC concrete the proportion of
coarse aggregate is limited to 50% (Figure 2) to allow the concrete to flow and
compact itself.

Fig. 2. Composition of SCC concrete’s mixture[22] 

3. Experimental work

3.1. Materials 

The materials used in this research are cement, sand, crushed stone, fly ash, 
superplasticiser, Viscosity Modifying Admixtures (VMA) and water. The cement used 
is Portland cement Type I type PCC produced by PT Semen Tonasa, sand with 
medium grade taken from Palu River and coarse aggregate is crushed stone produced 
by PT Watu Meriba Jaya with a maximum size of 20 mm diameter, while fly ash is 
taken from coal combustion waste of Electricity Generation of Steam Power PT IMIP 
Morowali, Superplasticizer and VMA are produced by PT BASF Indonesia and the 
water used for the concrete mixture itself is clean potable water. 

3.2. Mix design and testing procedure 

The material composition of SCC concrete is different with that of conventional 
concrete. The fine material in SCC concrete tends to be more than in conventional 
concrete because SCC concrete utilizes mortar behavior to help the fresh concrete 
flow. In addition, the coarse aggregate size in SCC is smaller than that of in 
conventional concrete. The size of coarse aggregate used in SCC concrete ranges 
from 5 mm - 20 
mm. This aggregate composition can reduce the permeability and porosity of SCC
concrete so that the concrete is more water tight and tends to last longer than
conventional concrete. To obtain concrete with a good flowability without
segregation, the concrete’s mixture then added superplasticizer (SP) and Viscosity
Modified Agent (VMA) as table below:
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Table 1. Proportion of SCC concrete’s mixture per m3 

Mixture 
Cement 

(Kg) 

Fly 
Ash 
(Kg) 

Water 
(Kg) 

Sand 
(Kg) 

Coarse 
Aggregat 

(Kg) 

SP 
(Kg) 

VMA 
(Kg) 

SCC 0 FA 420 0 212.24 973.5 796.5 1.89 2.73 
SCC 10 FA 378 42 211.46 973.5 796.5 2.02 2.73 
SCC 15 FA 357 63 211.46 973.5 796.5 2.10 2.73 

For fresh SCC concrete testing, 2 methods were used, namely slump flow and L- Box 
tests. Where the slump flow test obtained the diameter value of the concrete spread to 
determine the ability of concrete to flow and solidify itself, while the L-box test 
obtained the value of the concrete height comparison after testing. In addition, L-box 
testing is intended to determine the ability of fresh SCC concrete to pass through 
obstacles in the form of reinforcement without segregation. 
In this research, fresh concrete testing was carried out to determine the concrete that 
fulfils the requirements as SCC concrete in the fresh condition which includes: 

a. Slump Flow Test; the slump test equipment is placed on a non-absorbent slab
with a size of 900 mm x 900 mm, the tool is filled with SCC concrete and then lifted
within 2 - 4 seconds. The SCC concrete will flow due to its own weight. Diameter
spread (SF) is the average value of two diameters that are perpendicular to each other
as shown in Figure 3. below.

Fig. 3. Slump flow test equipment[24] 

b. L - Box Test; The L-box test (Figure 4) below is used to test the ability of
SCC concrete to pass through obstacles such as reinforcing bars without segregation
or retention.
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Fig. 4. L Box test equipment[23] 

By using the L-Shape-Box test, the blocking ratio value will be obtained, which is the 
value from the ratio between H2 / H1. The greater the blocking ratio value, the better 
the fresh concrete flows with a given viscosity. For this test, the commonly used 
criterion for both vertical and horizontal construction types is to achieve a blocking 
ratio value between 0.8 and 1. 
The compressive strength testing of SCC concrete using cube samples with a size of 
150 x 150 x 150 mm. It is provided 15 cubes specimens for each concrete mix and 
curing temperature for the compressive strength testing of concretes. The testing was 
carried out at 3, 7, 14, 21 and 28 days. The curing temperatures were standard 
(room) temperature, 30, 40 and 50 0C. 

4. Results and discussion
4.1. Slump flow test results 

The slump flow test results obtained for each concrete mix are as follow: 

Table 2. Slump flow test results for each mix 

Slump flow (cm) 
No Mix 15 %FA 0 % FA  10 %FA 

D1 D2 Davr D1 D2 Davr D1 D2 Davr
1 SCC – room 

temp. 66 65 65.5 67 67 67 73 74 73.5

2 SCC – 300C 65 65 65 66 67 66.5 70 72 71 
3 SCC – 400C 65 66 65.5 66 66 66.5 70 69 69.5
4 SCC – 500C 66 64 65 67 66 66.5 71 73 72 

The results of slump flow test show that the fly ash effect on the flow of concrete, 
where the increase of percentage of fly ash in concrete mix can increase the diameter 
of slump flow. The results of the slump flow tests carried out show that the concrete 
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produced meets the requirements of SCC concrete, where the slump flow values 
obtained are between 65-80 cm. 

4.2. L - Box test results 

L-Box testing is intended to determine the ability of fresh SCC concrete to fill every
corner of the mould or formwork even through obstacles in the form of tight
reinforcing iron. The measurement results for each side of the H1 and H2 values as
shown in the table below. The average values were taken to obtain the H1 and H2
values as shown in Table 3 below.

Table 3. L-box testing results of fresh SCC concrete 

SCC FA 15% SCC FA 0% SCC FA 10% 

H1 H2 H1 H2 H2 H1 

SCC – room temp. 7.20 6.00 680 6.50 8.00 7.60

SCC – 300C 7.20 7.50 7.20 6.80 8.00 7.20

SCC – 400C 8.00 7.60 7.00 6.50 7.80 6.30

SCC – 500C 7.80 7.60 7.60 7.00 7.50 6.30

Average 7.55 7.175 7.15 6.70 7.825 6.85

H2/H1 0.875  0.950 0.937  

The results of the L-box test on SCC concrete fulfil the requirements for the H2/H1 
ratio value, where the requirements set are 0.8-1. 

4.3. Strength development of SCC concrete cured at room temperature, 30, 
40 and 500C 

The strengths development of concrete at different curing temperature are presented 
in Figure 5 below. At the first 3 days for the all levels fly ash, the strength of concrete 
cured at higher curing temperature are higher than that of concrete cured at lower 
temperature. However, after 7-day ages, concrete cured at lower temperatures have 
higher strength than that of concrete cured at higher temperature. This phenomenon is 
called ‘crossover effect’. This is due to the fact that the hydration process in concrete 
cured at higher temperatures takes place faster than that of concrete cured at lower 
temperature at the earlier ages. The hydrated part of the cement covers the 
non-hydrated part, making it difficult to be reached by water to continue next 
hydration process. Therefore, the further hydration process is reduced and took place 
slowly. 
The strengths of concrete cured at 500C at 3-day age are 17.120 MPa, 14.512 MPa 
and 16.327 MPa for the fly ash level of 0, 10 and 15% respectively, which is 
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highest than that of strengths of the same concrete mixture cured at lower 
temperatures. The strength of concrete cured at higher curing temperature, however, 
are lower than that strengths of the same concrete mixture at age 28 days. The highest 
strength of concrete at age 28 days are 27.891 MPa, 29.478 MPa and 29.705 MPa for 
concrete cured at room temperature with the percentage of fly ash 0, 10 and % 
respectively. 

Fig. 5. Strength development of concrete cured at different temperature 

4.4. Effect of fly ash level to the strength development of concrete 

The strength of concrete cured at standard (room) temperature for all levels of fly ash 
in concrete is the highest than those are cured at higher curing temperature as 
presented in Figure 6 below. 

Fig. 6. Strength development of concrete with different level of fly ash 
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At room curing temperature, the maksimum strength of concrete is obtained from 
concrete with 15% fly ash. However, at the higher curing temperature, the strength of 
the concrete is lower than that of concrete without fly ash (0 % fly ash). The ‘cross 
over effect’ as described above look did not affect the strength development of 
concrete that is cured up to 300C. The strength of concrete with 15% fly ash at 28 
days at room curing temperature is 29.705 MPa, which is about 6.5% higher than that 
of concrete without fly ash. Furthermore, the strength of concrete with 15% fly ash 
cured 500C at 28 days decrease by 4.762 MPa (16.03 %) than that of cured at room 
temperature. 

5. Conclusion
The results of this research can be concluded that the maximum level of fly ash, 
which can be used as cement replacement in concrete mixture using PCC cement and 
cured at room temperature is 15 % by total binder. For concrete with the same 
mixture, strength development of concrete at earlier age with a higher curing 
temperature are higher than that of concrete cured at lower temperature; however, its 
strength at later ages is lower than that of concrete cured lower temperatures. 
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