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Abstract. Self-Compacting Concrete (SCC) is a concrete that can flow and compact by itself without vibrator. The
ability of SCC to flow by itself makes this concrete very suitable for construction that has very small reinforcement gaps.
In this study, SCC was designed to get a compressive strength above 60 MPa at the age of 28 days. Sugarcane bagasse
ash was used as substitution material for cement replacement. Percentages of sugarcane bagasse ash used were 10%,
15%, and 20%. There were three w/c values that vary from 0.275, 0.300, and 0.325. Testing standards referred to ASTM,
EFNARC and ACI. The fresh concrete test was slump flow, L-box and V-funnel. The maximum compressive strength
was in the mixture with the sugarcane bagasse ash composition of 15% and w/c = 0.275 which was 67.24 MPa. The
result of SEM test analysis found that the mixture composition with 15% sugarcane bagasse ash has solid CSH structure,
small amount of pores, and smaller pore diameter than other mixtures.

INTRODUCTION

Self-Compacting Concrete (SCC) is a concrete that can flow by itself without vibrator and compact quickly.
SCC is more liquid than conventional concrete but in the making process does not change the composition of the
mixture on the percentage of water use. In the SCC making process there is no addition of water in the mixture
composition but an admixture is added to the concrete mixture.

In the 1980s in Japan, SCC was produced at the University of Tokyo in collaboration with leading contractors
for concrete manufacturing. Concrete is designed to flow through very small reinforcement gaps without bleeding
and segregation. Superplasticizer becomes an additional material for the concrete to get a high slump [1].

SCC has several advantages compared to conventional concrete, for example reducing labors, equipments, and
related costs, making faster construction process, enabling to fill complex formwork with very small reinforcement
gaps, reducing the risk of accidents to workers, making more flexible design and detail of reinforcement [2]. In
general, SCC materials are the same as conventional concrete, but in some cases it uses Viscosity-Modifying
Admixture (VMA). SCC is described as a self-placing concrete, and self-leveling concrete, which is part of SCC [3].

Sugarcane bagasse ash is the result of combustion of sugarcane bagasse. Sugarcane bagasse ashes are used as
industrial fuels at the sugarcane mills. The content of silica on bagasse ash is very high if the temperature and
duration of combustion are controlled. Sugarcane bagasse ash can be a substitute material of cement because of
sugarcane bagasse ash is included as pozzolan. The bagasse contents are about 50% cellulose, 25% hemicelluloses,
and 25% lignin. The residue after combustion has silica dioxide (SiO») content [4]. The water cement factor is the
ratio between the water content and cement used in the designed concrete composition. Water cement factor is often
called w/c. The smaller w/c ratio obtains the higher result of compressive strength [5]. SCC is designed to pass
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through the gap between reinforcement. This causes the aggregate size is very important to produce SCC. The
smaller coarse aggregate size obtains the higher result of compressive strength [6].

Concrete is included in the SCC type when it is designed to meet the characteristics of filling ability, passing
ability, viscosity, and segregation resistance. EFNARC sets the standard for fresh concrete testing as shown in Table
1. Slump flow is part of filling ability class test. J-ring and V-funnel are parts of fresh concrete tests to determine the
viscosity class. L-box and U-box are parts of fresh concrete tests to determine the passing ability class.

TABLE 1. Test of fresh concrete [7]

. Limitation

Methods Unit Min Max
Slump flow mm 650 800
T50cm slump flow Sec 2 5
J-ring Mm 0 10
V-funnel Sec 6 12
V-funnel at T5 minutes Sec 0 3
L-box - 0.8 1
U-box mm 0 30
Fill-box % 90 100
GTM Screen stability test % 0 15
Orimet Sec 0 5

MATERIALS AND METHODS

The composition of the SCC mixture in this study was with variations of w/c ratio and using the sugarcane
bagasse ash (SCBA) as a substitute material. The variations of SCBA substitution were 0%, 10%, 15%, and 20% to
the amount of cement. Variations of w/c ratio were w/c = 0.275, w/c = 0.300, and w/c = 0.325.

The materials used in this research were cement OPC (Ordinary Portland Cement) type I, water, fine aggregate
from Tanjung Raja with size 0.125 — 4 mm and 50 — 650 um, coarse aggregate with maximum size of 10 mm,
admixture type F, and sugarcane bagasse ash.

Table 2 shows the results of chemical composition test of sugarcane bagasse ash (SCBA). The result of SCBA
SEM test can be seen in Fig. 1. The used mixture compositions of SCC are listed in Table 3.

TABLE 2. SCBA chemical compositions

Chemical elements Composition (%)
Silicon Dioxide (Si02) 83.40
Aluminum Oxide (ALO3) 0.00
Iron (IIT) Oxide (Fe>O3) 5.00
Calcium Oxide (CaO) 2.38
Magnesium Oxide (MgO) 0.00
Sulfur Trioxide (SO3) 0.61
LOI 8.36

e — P
XSep 4 S8um 8881 1S/NOV/ 16

FIGURE 1. SEM test result of SCBA
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TABLE 3. The compositions of Im3 SCC

Label (()lf;r (): S((l:(}g? 1 FA (kg) 2 CA (kg) Water (kg)
SCC-0-0.275 600 0 246 540 823 165
SCC-0-0.300 600 0 246 540 823 180
SCC-0-0.325 600 0 246 540 823 195

SCC-10-0.275 570 30 246 540 823 165
SCC-10-0.300 570 30 246 540 823 180
SCC-10-0.325 570 30 246 540 823 195
SCC-15-0.275 540 60 246 540 823 165
SCC-15-0.300 540 60 246 540 823 180
SCC-15-0.325 540 60 246 540 823 195
SCC-20-0.275 510 90 246 540 823 165
SCC-20-0.300 510 90 246 540 823 180
SCC-20-0.325 510 90 246 540 823 195

The tests were slump flow test (Fig. 2), V-funnel test (Fig. 3), and L-box test (Fig. 4), then concrete compressive
strength test at age 28 days, and concrete microstructure test with Scamning Electron Mircoscopy (SEM ).

e

FIGURE 3. L-box test
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FIGURE 4. V-Funnel test
RESULT AND DISCUSSION

The Result of Fresh Concrete Test

Slump flow

The results of slump flow test can be seen in Fig. 5 and Fig. 6. Fig. 5 shows the relationship between the
percentage of sugarcane bagasse ash and slump flow. Figure 6 shows the relationship between the variation of w/c
ratio and the slump flow. The value of slump flow was the result of the average of slump flow diameters from four
directions. Based on the test results, the diameter of slump flow was range from 61.00 — 75.50 cm. The largest slump
flow was at SCC-0-0.325 mixture, while the smallest slump flow was at SCC-20- 0.275 mixture.

The test results show that with the increase of the sugarcane bagasse ash composition, the slump flow diameter is
smaller. This is because the sugarcane bagasse ash has a high water absorbing ability so that although the amount of
water does not change for each w/c, the results of slump flow diameter are different. The smallest slump flow was in
the mixture with SCBA 20%.

The results of slump flow test show that the higher w/c ratio is used, so the slump flow diameter is larger. This is
because the water content increases so that the concrete mixture is easier to flow. The smallest slump flow diameter
was found in the mixture with w/c = 0.275 and SCBA 20% of 61 cm.

801 ew/c=0275 ®mw/c=0300 Aw/c=0.325
75 A
A
—_ [ ]
5 701 . A
: ¢ . A
[ ]
’g 65 °
E
260 -
55
50

SCBA 0% SCBA 10% SCBA 15% SCBA 20%
Sugarcane bagasse ash composition

FIGURE 5. The effect of sugarcane bagasse ash composition on slump flow
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FIGURE 6. The effect of w/c variation on slump flow
V-funnel

V-funnel test results can be seen in Fig. 7 and Fig. 8. V-funnel values were obtained from the measurement of
the time of fresh concrete to flow. V-funnel time ranged from 4.73 — 20.72 seconds. The fastest V-funnel time was
found in the SCC-20-0.275 mixture while the longest was in SCC-0-0.325. Based on Fig. 7, it can be explained that
as the sugarcane bagasse ash content increases, the V-funnel time becomes longer. This is because the bagasse ash
has a high absorption rate so that the viscosity of concrete increases. Based on Fig. 8 it can be seen that with the
increase of w/c ratio, the flowing time of V-funnel becomes faster. This is because the amount of water in the
concrete increases, so the concrete viscosity decreases that makes the decreases of friction between particles in
concrete mixture. The fastest V-funnel value was found in the mixture with w/c = 0.325.

L-shape box

The results of L-box test can be seen in Fig. 9 and 10. Fig. 9 shows the relationship between SCBA percentage
and L-box test results. Fig. 10 illustrates the relationship between the variation of w/c ratio and the L-box test
results. The L-box value was from the average measurements at the start of the body (H) and the end of the body
(H2) of L-box, each was carried out at three points. The ratio of L-box ranged from 0.74 to 1.00. The highest
H,/Hvalue was at SCC-0-0.325 of 1.00, while the lowest Hy/H;value was at SCC-20-0.275 of 0.74.

Based on Fig. 9, it can be explained that as the sugarcane bagasse ash content increases, the H,/H; value becomes
smaller. This is because with the increase sugarcane bagasse ash makes the concrete more viscous, so the concrete
mixture is more difficult to flow through the gap between the reinforcement on the L-box tool. The highest H»/H;
value was present in the mixture with SCBA 0%. In Fig. 10, it can be explained that the higher value of w/c ratio
makes the higher Ho/H; value. This is because the higher w/c ratio makes the concrete more fluid, so the concrete
mixture is easier to flow through the gap between the reinforcement on the L-box tool. The highest Ho/H; value was
present in the mixture with w/c = 0.325.

050006-5
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FIGURE 7. The effect of sugarcane bagasse ash composition on V-funnel
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FIGURE 8. The effect of w/c variation on V-funnel
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FIGURE 9. The effect of sugarcane bagasse ash composition on Hz/H; value
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FIGURE 10. The effect of w/c variation on H2/H; value

Compressive Strength

Fig. 11 shows the results of SCC compressive strength test based on SCBA composition, while Fig. 12 shows the
SCC compressive strength test results based on the variation of w/c ratio.

70 1
_ 2
g s '
é 60 T ] A
£ 4 °
2 504 a ]
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Sugarcane bagasse ash composition

FIGURE 11. The effect of sugarcane bagasse ash composition on concrete compressive strength on age 28 days

70 A

A A

[ ]
= * [ ]
% 60 A
= A
< ° "
2
g 50 1 )
2 404 *SCBA0% °
—
g BSCBA 10%
© 304 ascBAI15%

©SCBA 20%

20

w/c =0.275 w/c=0.300 w/c=10.325

Water cement ratio

FIGURE 12. The effect of w/c variation on concrete compressive strength on age 28 days
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Based on the results of the compressive strength test at age 28 days, the highest value of compressive strength
was found in the SCC-15-0.275 mixture of 67.239 MPa, while the lowest compressive strength was in the SCC-20-
0.325 mixture of 41.813 MPa. The test results showed with the addition of 15% sugarcane bagasse ash resulting the
highest compressive strength. The addition of 15% sugarcane bagasse ash is the optimum percentage. In Fig. 11, it
can be seen that the compressive strength decreases as the increase of w/c ratio. The lowest compressive strength
was in the mixture with w/c = 0.325. Excess water content can form pores so that the bond between the pastes and
the aggregate is weakened. This causes the compressive strength to decrease as the w/c ratio increases.

Microstructure Test

SEM samples were obtained from compressive strength test at age 28 days. SCC microstructure test results are
shown in Fig.13 until 15. The result of the SCC SEM test with w/c = 0.275 is shown in Fig. 13. Fig. 13 shows that
the CSH density continues to increase with the addition of the SCBA composition.

Figure 13 shows that CSH was formed and the pores varied in size but did not exceed 1 um. CSH in the
composition of SCBA = 0% looked less than other mixtures, besides that there were pores that less than 1 pm. In
SCBA composition = 10%, CSH formed denser than CSH in SCBA = 0% composition. While on SCBA
composition = 15% had denser CSH and smaller pores compared to other compositions.

The result of the SEM test with w/c = 0.300 is shown in Fig. 14. Based on the figure it can be seen that CSH was
formed and the pores varied in size but not exceeding | pm. The pores formed on the mixture with w/c = 0.275 were
lesser than the pores on the mixture w/c = 0.300. This is because the water percentage is lesser. In Fig. 14 (a) shows
CSH appeared to had formed and there were pores less than lum. In Fig. 14 (b) shows that the formed CSH
appeared to be denser partially than Fig. 14 (a). In Fig. 14 (c) shows the densest formed CSH structure. In Fig. 14 (d)
the CSH structure of the density decreased and the formed pores were larger than in Fig. 13 (d).

v~ S )
18KU %308, BOB0 " e HO0 iy T EE /1T

(d)
FIGURE 13. SCC microstructure with w/c = 0.275, (a) SCC-0-0.275, (b) SCC-10-0.275, (¢) SCC-15-0.275, (d) SCC-20-0.275.

The result of the SEM test with w/c = 0.325 is shown by Fig. 15. Based on Fig. 15, CSH was already formed and
the pores were various in size. The pore size formed on the mixture w/c = 0.325 was greater than the pore at w/c =
0.275 and w/c = 0.300. Larger pore size causes a decrease in strength. This is supported by concrete compressive
strength result in Fig.11 and 12. The mixture with SCBA = 0% appeared to have the most dense CSH structure
compared to the mixture with other SCBA compositions. In Fig. 15 (d) shows a micro crack groove that showed the
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weakness of the bonds in SCC which is shown in Fig. 11 and 12 where the decrease of concrete compressive
strength occurred in 10% SCBA composition and w/c = 0.325.

(© (d)
FIGURE 15. SCC microstructure with w/c = 0.325, (a) SCC-0-0.325, (b) SCC-5-0.325, (¢) SCC-10-0.325, (d) SCC-15-0.325.

CONCLUSIONS

The conclusions obtained from the results of the study that has been done are as follows:
e The optimum composition of SCC mixture with SCBA substitution material showed the best performance
on SCBA composition = 15%.
e The effects of w/c variation on workability, compressive strength of 28 days, and SCC microstructure are as
follows:
o The results of slump flow test on fresh concrete showed the largest diameter at SCC-0.325 which was
75.50 cm and the smallest diameter at SCC-0.275 which was 61.00 cm.
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The results of the V-funnel test on fresh concrete showed the fastest flowing time at SCC-0.325 was
4.73 seconds and the longest flowing time at SCC-0.275 was 20.72 seconds.

The results of L-box test on fresh concrete showed the largest Hy/H; ratio at SCC-0.325 was 1.00 and
the smallest Ho/Hratio at SCC-0.275 was 0.74.

The results of the 28 days compressive strength test, SCC with w/c ratio = 0.275 yielded the optimum
compressive strength, as the increase of w/c ratio and SCBA, the compressive strength of concrete
decreases. The compressive strength of SCC with w/c = 0.275 was 67.239 MPa.

The pores formed on the mixture w/c = 0.275 were smaller than the pores formed on the mixture w/c =
0.300 and w/c = 0.325.

e The effects of bagasse ashes on workability, compressive strength of 28 days, and SCC microstructure are as

follows:
o The slump flow diameter and H»/H; ratio decrease as SCBA composition increases.
o The highest compressive strength was present in the mixture with w/c = 0.275 and the composition of
SCBA = 15% 0f 67.239 MPa.
o SCC with SCBA = 15% composition gives CSH structure that is more dense and has smaller pores

compared to other compositions.
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