


DETERMINING ON FRESH AND HARDENED
PROPERTIES OF SELF-COMPACTING CONCRETE DUE
TO THE USE OF VARIOUS SIZE AND PERCENTAGES OF
COARSE AGGREGATE AND CHEMICAL ADMIXTURES

Prepared by 

Nursiah Chairunnisa, Wiku Krasna Wicaksana, Dwi Nurdiansyah

1

Civil Engineering Program, Engineering Faculty, 

Lambung Mangkurat University (ULM)



INTERNATIONAL CONFERENCE ON SUSTAINABLE INNOVATION

 Introduction

 Material and Experimental Program

 Test Method :

Fresh Concrete and Hardened Concrete

 Result and Discussion

 Conclusion

2

Outline

https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&ved=2ahUKEwi0_o334KnjAhUxmeYKHaB5CTMQFjAAegQIBhAC&url=http://icosi.umy.ac.id/&usg=AOvVaw3FBw1S8T1qqH70d5T1etRI
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&ved=2ahUKEwi0_o334KnjAhUxmeYKHaB5CTMQFjAAegQIBhAC&url=http://icosi.umy.ac.id/&usg=AOvVaw3FBw1S8T1qqH70d5T1etRI


Concrete technology has been
developing rapidly in the last decades.

The difficulty of construction for special
structures triggers researchers
continuously to investigate the new
method of concrete technology

Self-compacting concrete (SCC) can be
defined as a key innovation of concrete
technology which do not vibration for
compaction and placement.
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Self-Compacting Concrete: History & Current Trends

Self-Compacting Concrete: History & Current Trends

Figure 1. Special Structures 
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Introduction

 The existing concrete has faced criticism 
for its lower strength and difficult to 
obtain consistent quality. 

 Requirement of skilled worker for 
compaction in conventional concrete

 Difficult to use mechanical compaction for

Underwater concreting

Cast in-situ pile foundation

Columns with congested reinforcement

WHY SELF COMPACTING CONCRETE ?

 Faster Construction . 

 Minimized of skilled worker for compaction

 Improving durability and easier placing

 Reduce noise level

BENEFIT OF SCC ?

Figure 2. EFNARC Standar

(2005)
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The constituent materials of SCC
mixtures are similar to the conventional
concrete which need a vibration, except
the content of aggregate is less than the
conventional one

According to Okamura & Hauici [2003]
The comparison of mix proportioning
between the conventional concrete and
self- compacting concrete can be
depicted in Figure 3
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Figure 3. Constituent material of SCC and Conventional

Concrete (Okamura & Haura, 2003) 
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Constituent Typical range by 

mass (kg/m3) Typical range by 

volume 

(liters/m3)

Powder 380-600

Water 150-210

Paste 300-380

Coarse 

Aggregate

750-1000 270-360

Fine Aggregate Content balances the volume of the other 

constituents, typically 48%-55% of total 

aggregate weight

Water/powder 

ratio by Vol

0.85-1.10

Table 1. Typical range composition of SCC
Reduction 

of water to 

binder 

ratio

Limitation of 

coarse 

aggregate 

content

Additional 

of mineral 

admixtures

High segregation 

resistance of mortar & 

concrete
High deformability

Additional of 

chemical 

admixtures

Performance of SCC

Figure 4. Flow Chart for achieving Self Compacting 

Concrete
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Table 2. Test Methods for Fresh Concrete of Self
Compacting concrete

Characteristic Test Methode

Filling ability Slump-flow

T50 Slump- flow

V-funnel

Orimet

Passing Ability L-box

U-box

J-ring

Fill-box

Segregation 

Resistance

V-funnel at T5minutes

GTM Screen Stability 

test

Table 3. Acceptance criteria for Self-compacting Concrete

Property Method Unit

Tyipical Range of 

Values

Min Max

Filling ability T50 Slump Flow Sec 2 5

Passing 

ability

L-Box H2/H1 (Cm) 0,8 1

Table 4. Test Methods for Self Compacting concrete (Actual test)

The aims of the research :

To investigate the influence of size and the
percentage of CA and Percentage of SP due to the
fresh and hardened concrete properties of SCC
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Cement Composite
Portland (PCC)
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Material and Experimental phase
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Aggregates water

Chemical Admixtures
Mineral Admixtures

Constituent
Typical range by mass (kg/m3)

Mix type A Mix type B

Powder 455.65 455.65

Fine 

Aggregate

1094.61 922.17

Coarse  

Aggregate

729.74 922.17

Table 5. The composition of SCC mixtures (in
actual test)

Based on EFNARC 

2005

750-1000kg/m3

Figure 5. Constituent materials of SCC (Resarch) 
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Table 6. The Physical Properties of Cement
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Particulars Test results

Specific gravity 3.15

Normal Consistency 25 %

Initial setting time 112 minutes

Final setting time 154 minutes

Particulars Test results

Water content 3.7%

Sludge level 0.47%

Organic content Colour 1

Fineness

modulus of sand 3.08

Specific gravity

a. Apparent specific

gravity

b. Bulk specific

gravity on dry 

basic

c. Bulk specific

gravity on SSD 

basic

2.65

2.62

2.63

Water absorption 

percentage
0.48%

Table 7. Physical Properties of Fine Aggregate

Material and Experimental phase

Table 8. Physical Properties of Coarse Aggregate

Particulars Test results

Water content 3.7%

Sludge level 0.47%

Organic content Colour 1

Fineness modulus

of sand 3.08

Specific gravity

a. Apparent specific

gravity

b. Bulk specific

gravity on dry basic

c. Bulk specific

gravity on SSD basic

2.65

2.62

2.63

Water absorption 

percentage
0.48%

 A water-to-cement ratio (w/c) of 

0.44 was used in the SCC 

mixtures

 The size of coarse aggregate (CA) 

consists of two types such as 10 mm 

and 12.5 mm respectively

 The content of coarse aggregate 

(CA) is composed of 40 % and 50% 

of the total aggregate weight. 

https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&ved=2ahUKEwi0_o334KnjAhUxmeYKHaB5CTMQFjAAegQIBhAC&url=http://icosi.umy.ac.id/&usg=AOvVaw3FBw1S8T1qqH70d5T1etRI
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&ved=2ahUKEwi0_o334KnjAhUxmeYKHaB5CTMQFjAAegQIBhAC&url=http://icosi.umy.ac.id/&usg=AOvVaw3FBw1S8T1qqH70d5T1etRI


11

INTERNATIONAL CONFERENCE ON SUSTAINABLE INNOVATION

Material and Experimental phase

Mix ID Size of CA
Content of 

CA (mm)
% of Sp

SCC 10
10

40

0.5

1.0

1.5

50

0.5

1.0

1.5

SCC 12.5
12,5

40

0.5

1.0

1.5

50

0.5

1.0

1.5

Table 9. All variation of specimens in the actual test

Figure 6. Slump Flow Test
Figure 8. L Box Test

Figure 7. Slump Flow Test (Actual test)

Figure 9. L- Box Test (Actual test)

Test Methods for self compacting concrete

Fresh concrete :

Hardened concrete :

The compressive test of cylinders was determined 

according to SNI 1974:2011 

The test was carried out of 3, 14 and 28 days of age
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Mix ID

Size of 

CA 

(mm)

Content 

of CA 

(%)

% of Sp

Slump 

Flow Test

(second)

Min

Required 

by 

EFNARC 

2005 

(second)

L-Shape 

Box 

(H2/H1)

Min 

Required 

by 

EFNARC

SCC 10
10

40 0.5 2.85

2-5

0.37

0.8-1.0

1.0 2.61 0.50

1.5 2.08 0.76

50 0.5 2.25 0.37

1.0 2.70 1.00

1.5 2.10 1.00

SCC 

12.5 12.5

40 0.5 2.05 0.069

1.0 2.64 0.13

1.5 2.55 0.18

50 0.5 2.4 0.05

1.0 2.5 0.07

1.5 2.1 0.41

The Fresh Concrete test

Table 10. Result of the experimental test in the fresh properties of 

SCC mixtures
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Only SCC 10-50-1.0% and SCC 10-50-1.5% mixtures have

well workability for SCC concrete in term of fresh properties

of SCC such as flowability, filling ability and passing ability

>> the size of CA  << poor fairly mixtures of SCC

for both of specimens  cannot meet criteria for the

passing ability ( L-shape box )  EFNARC

Recommended by EFNARC

Figure 10. L- Box Test and slump flow test (Actual test)
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The Hardened Concrete test
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Figure 11. Compressive strength test of all specimens

 The compressive strength increases with the increase in curing

time.

 The compressive strength of SCC mixtures increased with

increasing the percentages of superplasticizer in the mixtures in

3 days, 14 days and 28 days tests.

 The % enhancement in 28 days compressive strength of SCC

mixes with the increasing percentage of superplasticizer from

0.5% to 1.5% of weight cement by using 40% coarse aggregate

ranged between 14.0% -16.5%.

 This value increased sharply around 27% - 31% with a change 

in the percentage of coarse aggregate to 50% in the SCC 

mixtures
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The Hardened Concrete test
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Figure 11. Compressive strength test of all specimens

Max 

size 

and 

content 

of CA

Percentage of superplasticizer (%)

0.5 1.0 1.5

The compressive strength of specimen at certain days (MPa)

7 

days

14 days 28 

days

7 

days

14 

days

28 days 7 days 14 

days

28 

days

10-40% 20.81 24.63 28.45 23.78 27.60 30.15 25.90 30.15 33.97

10-50% 23.78 26.33 30.57 25.90 31.42 36.52 27.18 37.97 43.74

12,5-

40%

19.96 24.20 28.03 23.78 26.75 28.87 24.63 30.15 32.70

12,5-

50%

21.66 25.05 29.30 22.08 28.45 34.39 25.90 31.42 40.34

Table 11. Result of the experimental test in the hardened properties
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 Moreover, according to Ozawa et.al (2003) the value of 42%

of coarse aggregate is practically used for SCC concrete

 The augment of the volume content of coarse aggregate from

40% to 50% of total aggregate weight can improve the

compressive strength of concrete

Figure 13. Compressive strength of SCC with using 12.5 mm size of coarse

aggregate

Figure 12. Compressive strength of SCC with using 10 mm 

size of coarse aggregate

The Hardened Concrete test

36,52 MPa

43,74 MPa

 EFNARC (2005) mentioned that a typical volume content of 

coarse aggregate that ranged from 28 to 35 % by volume of 

the mix. 

The typical volume content of CA in 

this research are 29 to 39% by volume 

of the mix
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Figure 14. Compressive strength of SCC in term of the coarse

aggregate size effect

 The compressive strength of the mixes with 10 mm coarse

aggregate size is higher than the compressive strength of

mixes with 12.5 mm coarse aggregate size due to proper

interlocked cement paste and aggregate and also the

composition of coarse aggregate in the mixtures are

sufficient flowable

 It can be concluded that the increasing particle size of

coarse aggregate can reduce the performance of SCC

mechanical properties such as the compressive

strength of concrete.

The Hardened Concrete test
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𝑓𝑐
′
𝑡 =

𝑡

𝑎 + 𝛽𝑡
𝑓𝑐
′
28

 The predicted compressive strength according to the ACI 

209 equation :

Where a in days and  are constants, 𝑓𝑐
′
28 is compressive

strength of concrete at 28 days and 𝑡 is the age of concrete

(days). 𝑓𝑐
′
𝑡 is the compressive strength of a certain age.

 The value of 𝑎 and 𝛽 depends on type of cementitious 

materials 

 the range value of 𝑎 and 𝛽 are 0.05 to 9.25 and 0.67 to 

0.98

 The value of 𝑎 and 𝛽 for normal weight of concrete are

4.0 and 0.85.

y = 0,4325x 

R² = 0,6
y = 0,8235x 

R² = 0,8
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From Figure 15, it can be concluded that the most

suitable line exhibit the average ratios of 3-days and 14

days compressive strength to average 28- days

compressive strength are 0.43 and 0.82 respectively

The Hardened Concrete test

Figure 15. Correlation between certain days of compressive test to 28 

days compressive test
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 The predicted compressive strength according to the ACI 

209R-92 equation

y = 0,4325x 

R² = 0,6
y = 0,8235x 

R² = 0,8
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Days 

(t)

Predicted ratio 

according ACI 

209

Actual ratio of 

SCC  according 

experimental 

test

R-square

3 0,46 0,42 0,6

14 0,88 0,82 0,8

28 1,00 1,00 1,0

Table 12. Comparison of predicted ratio and actual test of 

compressive strength at certain days.

 It is obvious that the equation from ACI 209R-

92 can be utilized to predict the compressive

strength of SCC

 Moreover, this equation is the representative for SCC

mixtures, especially for advanced concrete ages.

The Hardened Concrete test

Figure 15. Correlation between certain days of compressive test to 28 

days compressive test
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Conclusion

 SCC mixtures were composed in the laboratory for SCC 10-50-1.0% and SCC 10-50-1.5% 

specimens mixtures have well workability for SCC concrete in term of fresh properties of SCC 

such as filling ability and passing ability

 The flowability of SCC in terms of slump flow and L-Shape Box  and the compressive strength of 

SCC with lower size of coarse aggregate 10 mm is better than 12.5 mm coarse aggregate that 

used in this research

 Increasing the percentage of superplasticizer in SCC mixtures from 0.5% to 1.5% of cement weight

can improve the fresh and hardened properties of SCC.

 The compressive strength development of purposed SCC mixtures can be fairly predicted in 

certain days ages by ACI 209R-92 standard
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