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Abstract. Self-compacting high strength concrete is one of the concrete that is needed in a 

green construction of building. In order to improve the workability of self compacting high 

strength concrete with silica fume which can be applied on the green construction building is 

needed. This study is aimed to get the optimum percentage substitution of silica fume by 0%, 

5%, 10%, 15%, and 20% of cement on the self-compacting high strength concrete. The 

workability of the concrete will be tested using slump flow test and L-shaped box test then 

compared to EFNARC requirement for self-compacting concrete. The results show that the 

slump flow test and L-shaped box test of the concrete comply with the EFBARC requirement. 

The compressive strength of the concrete tested at 28 days with substitution of silica fume of 

0%; 5%; 10%; 15%; and 20% were 34.33 MPa, 36.78 MPa, 50.98 MPa, 52.82 MPa, and 36.78 

MPa, respectively. While the modulus elasticity of the concrete tested at 28 days with 

substitution of silica fume of 0%, 5%, 10%, 15%, and 20% were 21883 MPa, 22410 MPa, 

22590 MPa, 22680 MPa, and 21874 MPa, respectively. So the optimum substitution of silica 

fume in self-compacting high strength concrete using local quartz sand and quartz powder is 

10% up to 15%. 

1. Introduction 

Concrete is one of useful materials in construction building which is composed of cement, coarse and 

fine aggregate, water, and sometimes added by additives (admixture) if necessary. Generally, concrete 

that is used in the construction building is normal weight concrete. The normal weight concrete 

usually has the compressive strength between 20-40 MPa and pouring, flowing, and compacting in the 

formwork by using a vibrator and it has a noise in the construction of building.  One of concrete 

technology to reduce the noise and support the green construction is self-compacting concrete (SCC).  

 

Self-compacting concrete is a new type of concrete that differs from the normal weight concrete. The 

self-compacting concrete can fill any part of formwork by the gravity. According to Okamura and 

Ouchi [1] that the concept of Self-Compacting Concrete (SCC) was proposed by Okamura and 

developed by Maekawa et al. at the University of Tokyo [2] and [3]. It is a good alternative for 

structural elements which has complex and difficult shapes, e.g. very thin or curved members, 

especially in the element of structures which has the presence of congested reinforcement. Moreover, 

SCC offers many health and safety benefits. The elimination of vibratory compaction on site means 

that the workers are no longer used the vibrator and providing a quieter working environment. The 
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SCC also has many advantages, such as good filling ability, passing ability and segregation resistance. 

However it still prone to be low durability and low tensile capacity similar to the normal weight 

concrete.  

 

In building of structures, sometimes it is needed to have a higher compressive strength for some 

reasons, for examples an element of structures such as column which has a dominant compressive 

forces needs high compressive strength of concrete. Therefore, it is needed a high strength concrete to 

accommodate a higher compressive strength. According to SNI 03-6468-2000 [4] that concrete which 

has a compressive strength more than 41.4 MPa can be classified as high strength concrete. One 

method to make a high strength concrete is adding silica fume in the concrete. 

 

Silica fume is an ultrafine powder materials which has the particle sizes 50 to 100 times finer than 

cement and can fulfil the voids created by the free water in the cement matrix. Chemically, it reacts 

with Calcium Hydroxide (CH) to produce additional Calcium Silicate Hydrate (CSH). The reaction 

between hydrated Portland cement compounds and Silica fume produces a very dense microstructure 

and thus improves the bond between the cement and the aggregates.  

 

Chen and Kwan [5] analysed the effects fly ash microsphere and condensed silica fume on packing 

density and measure the flow spread, flow rate, cohesiveness, adhesiveness, and cube strength of 

cement paste samples mixed with different fly ash microsphere, condensed silica fume and water 

contents. The result show that fly ash microsphere and condensed silica fume significantly increase the 

packing density; the finer condensed silica fume is recommended. Also, adding fly ash microsphere 

and/or condensed silica fume can more substantially increase the flow spread, flow rate, and 

compressive strength (10%) at low W/CM ratio than at high W/CM ratio. Al-Sanusi [6] analysed the 

influence of silica fume on the properties of self-compacting concrete by preparing nine trial mixes 

with three level of silica fume (3%. 6%, 9%) of powder volume, and three level of water powder ratio 

(0.3, 0.34, 0.37). The study suggested that no more than 6% silica be replaced by mass and gave 

recommendation that Slump test, U-Box Test and L-box at the minimum should be performed for the 

laboratory verification test. 

 

Turk et al. [7] analysed the effect of fly ash and silica fume on compressive strength, sorptivity and 

carbonation of Self-Compacting Concrete. They experimented adding different volume of fly ash 

(25%, 30%, 35%, 40%) and silica fume (5%, 10%, 15%, 20%) as the replacement of the Portland 

cement. The study concluded that SCC with silica fume had the highest compressive strength at 7, 28, 

and 130 days. Viviek and Dhinakaran [8] also analysed the effect of silica fume in flow properties and 

compressive strength of self-compacting concrete. He experimented adding different volume of silica 

fume (5%, 10%, 15%, 20%) as the replacement of the Portland cement. The result showed that the 

compressive strength increased with increasing of fly ash and silica fume.  

 

Rahul, et.al [9] studied about macro level properties of SCC using silica fume and fly ash by using 

robosand. Their experiment to replace Portland cement with either silica fume (10%) or fly ash (25%) 

using fineness modulus of fine aggregates are 2.5, 2.7, and 2.9. They concluded when cement is 

replaced with silica fume by 10% and Fly ash 25% both fresh and hardened properties were optimum. 

They added, mix (10% Silica fume, 25% Fly ash powder, and 65% Cement) has the maximum 

compressive strength and fineness modulus of 2.7 is recommended.  

 

Quartz powder usually can be used for high strength concrete. In some part of Indonesia produces 

local quartz powder that can be used for high strength concrete. However, it is still few studies of 

utility of local quartz powder for self-compacting high strength concrete. Also, it is still a question the 

optimum amount of silica fume for self-compacting high strength concrete using local quartz powder. 



 

 

 

 

 

 

Therefore, it is needed to study the optimum amounts of silica fume for self-compacting high strength 

concrete using local quartz sand and quartz powder through an experimental program. 

 

2. Experimental Program 

2.1 Materials 

2.1.1.Portland Cement 

Portland Pozzolanic Cement (PPC) which is classified as Portland Cement Type II. 

 

2.1.2. Aggregates 

Coarse aggregates were taken from Merapi Mountain which is passed to sieve number 12. 

 

2.1.3. Quartz Sand 

Quartz sand were taken from Bangka Belitung Island with diameter of 0.125 mm – 0.5 mm and quartz 

powder with diameter size less than 0.074 mm were also taken from Bangka Belitung Island. 

 

2.1.4. Silica Fume 

Silica Fume was used in this study which has density of 0.65 kg/L. The silica fume in this study was 

taken as 0%; 5%; 10%; 15%; and 20% with respect to total cementitious materials. 

 

2.1.5. Admixtures 

Superplasticizer that is used in this study was Sika Viscocrete 1003. The superplasticizer percentage 

that is used in this study was 2% - 2.2% with respect to the Portland cement. 

2.2 Mix Design and Specimens 

2.2.1 Mix Design of Concrete 

Water cement ratio (WCR) of self compacting high strength concrete was taken 0.35. The example 

mix design of the self-compacting high strength concrete with silica fume 15% can be seen in Table 1. 

 

Table 1. The mix design of self compacting high 

strength concrete per m
3
. 

No Materials Kg/m
3
 

1 Portland Cement 510 

2 Silica Fume (15%) 90 

3 Water (WCR 0.35) 178.5 

4 Fine Aggregates (Quartz Sand) 485.52 

5 Quartz Powder 208.08 

6 Coarse Aggregates 749.7 

7 Superplasticizer 10.2 

 

 

2.2.2 Cylinder Specimens 

The variation of silica fume substitution were 0%; 5%; 10%; 15%; and 20% with respect to total 

cementitious materials. Sixty (60) cylinder specimens with the size of (150×300) mm
2
 were made and 

tested in this study. Twelve cylinder specimens were made in every variation substitution of silica 

fume. The mechanics properties of concrete were tested at the age of concrete of 7 days, 14 days, 21 

days, and 28 days. In addition, the specimen at age of 28 days was also tested to investigate the 

modulus of elasticity of the concrete. 



 

 

 

 

 

 

2.3 Testing Specimen 

2.3.1 Testing of Fresh Concrete 

The requirement test for self-compacting concrete (SCC) were slump flow test and L-Shape box test. 

These testing were conducted in this study to carry out the filling ability and passing ability of the 

fresh concrete mixture EFNARC [10]. The slump flow test was depicted in Figure 1. 

 

 

 

 

Figure 1. Slump flow test 

 

 

While the L-shape box testing is using the standard L-shape box size as shown in Figure 2. 

 

 

 

Figure 2. L-Shape box test 

 

2.3.2 Testing of Cylinder Specimens 

Universal Testing Machine (UTM) with the capacity of 30,000 kgf as shown in the figure 3 was used 

to conduct the testing of compressive strength and modulus of elasticity of concrete.  

 



 

 

 

 

 

 

 

 

Figure 3. Universal Testing Machine 

 

 

3. Results and Discussion 

3.1 Slump flow and L-shape box test 

The slumps flow test of self compacting high strength concrete was conducted in this study (see Figure 

4). 

 

 

Figure 4. Slump Flow Test 

 

 

The result of slump flow test of the self-compacting high strength concrete can be seen in Table 2. The 

slump flow results of the self-compacting concrete were in the range of EFNARC requirement. The 

requirement for the slump flow is 600 to 800 mm. It can be seen from the result of slump flow of this 

research were in the range of EFNARC requirement.  

 

Table 2. The slump flow test of self compacting high strength concrete. 

Silica 

Fume (%) 
Mixing 

for testing 

of 3 Day 

Mixing 

for testing 

of 7 Day 

Mixing for 

testing of 

14 Day 

Mixing for 

testing of 

21 Day 

Mixing for 

testing of 28 

Day 

EFNARC 

0% 640 630 630 620 640 600 up 

to 800 5% 730 740 730 690 700 



 

 

 

 

 

 

Silica 

Fume (%) 
Mixing 

for testing 

of 3 Day 

Mixing 

for testing 

of 7 Day 

Mixing for 

testing of 

14 Day 

Mixing for 

testing of 

21 Day 

Mixing for 

testing of 28 

Day 

EFNARC 

10% 640 640 700 710 700 mm 

15% 640 640 650 680 680 

20% 620 620 630 630 630  

 

Another testing of fresh concrete was L-shape box test. The L-shape box test can be seen in Figure 5.  

 

 

Figure 5. L-Shaped Box Test 

 

 

According to EFNARC that one of the tests of the self-compacting concrete is L-Box test. This test is 

measuring the block ratio which is the comparison between two ends (starting point is when concrete 

poured and the end point when the concrete stopped). Regarding to EFNARC that the standard number 

of blocking ratio should be in the range of 0.8 – 1.0. 

 

The result of L-shape box test was shown in Table 3. It can be seen that the result of L-shape box test 

of the concrete follows the requirement of EFNARC. The result of L-shape box test of the concrete in 

this research was in the range of 0.8 to 1.0. According to the slump flow test and L-shape box test, it 

can be said that the concrete in this study can be classified as self-compacting concrete. 

 

Table 3. The L-shape box test of self-compacting high strength concrete 

Silica Fume 

(%) 
Blocking Ratio Average EFNARC 

0% 0.82 0.82 0.85 0.830 

0.8<H<1 

5% 0.85 0.88 0.85 0.860 

10% 0.85 0.83 0.85 0.843 

15% 0.83 0.85 0.84 0.840 

20% 0.80 0.83 0.82 0.817 

 

Compressive strength testing of the concrete was conducted at the age of concrete 7 days, 14 days, 21 

days, and 28 days. The result of compressive strength of the concrete can be seen in Table 4.  

 

 

 



 

 

 

 

 

 

Table 4. The compressive strength of self compacting high strength concrete 

Silica 

Fume 

 

Day of Testing 

7 days Average 14 days Average 21 days Average 28 days Average 

0% 

28.29 

28.48 

32.82 

30.75 

42.44 

33.01 

36.22 

34.33 28.29 31.12 28.29 35.08 

28.86 28.29 28.29 31.69 

5% 

32.82 

32.07 

33.95 

34.33 

36.22 

36.97 

36.22 

36.78 29.43 36.22 38.48 37.91 

33.95 32.82 36.22 36.22 

10% 

36.22 

35.84 

43.01 

43.38 

51.50 

51.12 

49.80 

50.93 33.95 45.27 49.80 52.06 

37.35 41.88 52.06 50.93 

15% 

38.48 

38.67 

41.88 

44.52 

53.19 

50.74 

52.06 

52.82 39.05 44.14 50.93 53.19 

38.48 47.53 48.10 53.19 

20% 

32.82 

32.63 

33.95 

35.65 

36.22 

35.08 

37.91 

36.78 31.12 37.35 31.12 35.08 

33.95 35.65 37.91 37.35 

 

The average compressive strength were plotted to compare among the variation of silica fume was 

shown in Figure 6.  

 

 
Figure 6. The comparison of average compressive strength  

 

Figure 6 shows that the average compressive strength of self-compacting concrete with substitution of 

silica fume 10% and 15 % have the compressive strength more than 41.4 MPa.  It means that the 

optimum of silica fume for self-compacting high strength concrete were 10% and 15%  which gave the 

average compressive strength 50.93 MPa, and 52.82 MPa, respectively. While others percentage of 

silica fume (0%; 5%; and 20%) gave the compressive strength less than 41.4 MPa which cannot be 

classified as high strength concrete.  

 



 

 

 

 

 

 

The modulus of elasticity of the self-compacting high strength concrete was conducted at 28 days. The 

comparison of modulus of elasticity of the concrete was depicted in Figure 7.  Figure 7 shows that 

modulus elasticity of self compacting high strength concrete with silica fume 10% and 15 % were 

22,590 MPa, and 22,680 MPa, respectively. These confirmed to the results that the optimum 

compressive strength of self compacting high strength concrete were 10% and 15%. 

 

 
 

 

Figure 7. The comparison the modulus elasticity of concrete  

 

 

4. Conclusion 

Based on the result of experiments program, several conclusions can be drawn as follow: 

 

1. Based on the testing of fresh concrete it can be concluded that the concrete can be classified as 

self-compacting concrete, because the fresh concrete testing of slump flow test and L-shape box 

test comply to EFNARC standard. 

 

2. The average compressive strength of self compacting high strength concrete with silica fume 10% 

and 15% were 50.93 MPa, and 52.82 MPa, respectively. 

 

3. The modulus elasticity of self compacting concrete modulus elasticity of self compacting high 

strength concrete with silica fume 10% and 15 % were 22,590 MPa, and 22,680 MPa, 

respectively. These confirmed to the results that the optimum compressive strength of self 

compacting high strength concrete were 10% and 15%. 
 

4. Recommendation the silica fume for self-compacting high strength concrete using local quartz 

sand and quartz powder were 10% up to 15%, because these percentages gave the optimum 

compressive strength and modulus of elasticity. 
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