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Abstract

Self-Compacting Concrete (SCC) is proven as durable concrete and applied to constructions. In this paper, a study was
conducted to analyze the influence of variations of steam curing temperature (SCT) and water/binder (w/b) ratio on the
characteristics of SCC incorporating 10% Palm Shell Ash (PSA) as a partial substitution for cement mass. The SCT was
arranged from 25° C to 80° C. The variation of w/b in the compositions of SCC was 0.325, 0.350, and 0.375. The results
showed that using PSA, the variation of SCT and the w/b ratio influenced the workability of the fresh concrete. The PSA,
SCT, and the w/b ratio affected the concrete compressive strength and mass density. The increased SCT caused a lighter
density and greater compressive strength. However, the decreased compressive strength occurred due to an excessive
SCT of 70° C and above. The SCT of 60° C, 10% PSA, and w/b ratio of 0.350 in the mixture produced the greatest
compressive strength of 36.27 MPa at 28 days of age, while without SCT, the greatest compressive strength of 36.78 MPa
was achieved at the age of 28 days containing 10% PSA and w/b ratio of 0.325. It indicated that the w/b ratio was more

influential than the SCT on the increase of the SCC compressive strength.
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1. INTRODUCTION

In manufacturing concrete, the mortar with good
flow properties will produce massive concrete and
have proper performance that allows the production
of durable concrete. One type of concrete with good
flow properties and can fill voids and gaps between
steel reinforcement in the formwork without
vibration and compaction processes is Self-
Compacting Concrete (SCC), which was first
produced in late 1980°s as a material for structural
members [1]. The use of SCC paves the way for the
utilization of pozzolanic materials and reduces €O
emissions [2]. The SCC is eco-friendly material for
structural concrete [3,4], providing good strength and
durability [5,6), and is widely used in construction
[7]. The works using SCC do not depend on the
quality of construction work. Because of the high
passing ability, the SCC flow ability allows it to be
formed easier than normal concrete without
segregation. The SCC also can solidify due to its
weight without additional compaction [8]. The
aggregate size is smaller than conventional concrete,
using more cement and low w/b. The chemical

additive of superplasticizer (SP) increases the
workability of SCC. The four criteria of fresh
concrete mixtures that are classified as SCC [8] have:
1) A filling ability that makes the fresh concrete flow

and fills all spaces in the molds due to its weight,
which is determined by slump flow tests to
determine the viscosity as a resistance to flow.

2) The time needed describes the flow rate. The low-
viscosity concrete has a very fast initial flow and
stops, while high-viscosity concrete can continue
to flow for a longer time which V-funnel tests can
measure.

3) Passing ability that allows the fresh concrete to
flow through tight reinforcement gaps without
segregation or blocking in the L-box tests

4) The behavior of the fresh concrete is homogenous,
which is proved by no separation of constituent
materials of the fresh concrete mixture in the V-
funnel tests.
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The comparison of the amount of water to the
mixture of binders is called a water/binder (w/b)
ratio. It greatly affects the workability of concrete
mortar in producing SCC. Low w/b can increase the
concrete compressive strength and vice versa [9],
while a high w/b ratio increases the workability.
However, the excessive w/b decreases the concrete
compressive strength because the bleeding occurs
due to too much water. The exact w/b ratio for SCC
containing palm shell ash will produce concrete with
massive properties, high compressive strength, and
environmentally friendly. The hardened concrete
needed to be cured to achieve maximum compressive
strength. Some additives, including SP, are needed in
concrete-forming mixtures to improve physical and
mechanical properties and workability. Another
function is to meet special requirements, such as
resistance to cold temperatures, as a retarder that
makes the concrete not harden fast when brought
from the factory to the foundry site and to increase
compressive strength at an early age [10].

Steam treatment at a specific temperature has been
commonly used to increase the compressive strength
of concrete. High temperatures increase the speed of
cement hydration, thereby increasing the
compressive strength of concrete [11]. The optimum
temperature for concrete curing is 65-85° C [12].
Bingdl and Tohumcu [13] used a steam treatment
method with temperatures of 60° C, 70° C, and 80° C,
and time periods of 4, 8, 12, and 16 hours for SCC.
Experimental results show that the highest concrete
compressive strength of 61 MPa was obtained from
SCC specimens that used 55% fly ash as a cement
substitute and were cured with steam at a temperature
of 70° C for 16 hours.

Ramezanianpour et al. [14] carried out treatments
using the steam method with temperatures of 50° C,
60° C, and 70° C on SCC as a bridge element shows
that increased steam temperature and total cycle time
strengthen the concrete to withstand compression in
its early life. Conversely, increasing the precuring
period reduces the compressive strength of concrete.
This was caused by the acceleration of the hydration
reaction and the formation of C-S-H gel which played
an important role in bonding and strengthening
concrete.

Research Significance

The use of Palm Shell Ash (PSA) as part of
normal concrete materials has been widely
applicated. The research results of palm ash to
replace cement showed the excellent performance of
concrete [15]. However, the effect of PSA on SCC is
still needed to provide information on concrete
performance. The effect of steam curing temperature
(SCT) on SCC containing PSA requires further study.

This study aimed to analyze the influence of SCT and
w/b ratio on SCC incorporating PSA and its
performance. The PSA material used in this study
was an industrial waste that produces palm oil and
electricity from burning palm shells in South Sumatra
Province, Indonesia. The generated electricity was
used in several workers' homes around the industrial
area. As one of the largest palm oil producers in the
world, Indonesia produces a lot of industrial waste
[16].

2. METHOD

The PSA was taken from industrial waste and
dried under the sun. After this process, the PSA was
filtered to obtain granules that passed sieve no. 200.
A sieve shaker vibration method was applied to
facilitate the filtering process. The experimental
works were conducted in the Structure, Construction,
and Materials Laboratory, at Sriwijaya University.
The experimental works of sieve analysis, bulk
density, specific gravity, aggregate moisture content,
and organic content had been done [17,18]. The SCT
variations for the cylindrical specimens were 60° C,
70° C, 80° C, and 25° C as a control condition. The
percentage of PSA was 10% of the total cement mass
referring to the optimum level of research [19]. The
specimens of the steam curing temperature tests were
cylinders with dimensions of 10 cm x 20 cm with
concrete ages of 7, 14, and 28 days. The PSA
replaced partial cement in SCC by varying the w/b
ratio. Several cylindrical specimens were not steam
treated to investigate the influence of no SCT
conditions on the SCC performance. The slump flow
test was intended to determine the performance of
fresh SCC that flows through the mold space and fills
it. The determination was obtained from the average
diameters of the fresh SCC measured in four
directions using a rolling meter. The V-funnel test
aimed to obtain the viscosity criteria of a fresh SCC
mixture. The test measured the time for the fresh SCC
mixture to flow through the V-funnel until it ran out.
The L-box test was conducted to determine the
passing ability of fresh concrete through tight steel
reinforcement gaps without blocking. The L-box
value was the ratio of the fresh SCC heights on the
front (H,) and rear (H;) on the L-box tool. The
equipment consisted of an aggregate filter (including
a sieve No. 200), a sieve shaker, digital scales, a
mixer, measuring cups, a slump flow test set, L-box,
V-funnel, formworks, a steam curing machine
(Figure 1), and compressive strength test equipment.
The materials consist of Ordinary Portland Cement
(OPC), water, coarse and fine aggregate, PSA (Figure
2), and superplasticizer (SP) type F of Master
Glenium SKY 8614. The PSA was taken from PT.
Sriwijaya Palm Oil Indonesia and dried by sun heat.
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Then, it was filtered to obtain the PSA granules that
passed sieve No. 200.

The steps for making the cylinder test specimens
were as follows: Materials were weighed according
to mixed design; the fine and aggregates were mixed
until smooth, then the cement and PSA were placed
into the mixer and stirred until well mixed; put 1/3 of
the water into the mixer while still turning; did the
same thing until the water runs out; added the
superplasticizer to the mixture. The SCC cylindrical
specimens were cast using 10 cm X 20 cm cylindrical
formworks that had been smeared with oil to make
them easier to remove. The formworks were removed
after 24 hours of the casting process. The cylindrical
specimens were treated with steam curing using
water vapor (steam) below 100° C to heat concrete
specimens. The increased temperature during curing
accelerated the hydration process, then resulted in
high compressive strength concrete from an early age
[20]. In this study, the steam curing method was
conducted by inserting the cylindrical specimens into
the steam device for 5 hours, with 1 hour preheating,
3 hours constant for heating, and 1 hour for cooling.
This process was done under atmospheric pressure.
Then, the cylindrical specimens were removed from
the steam device and aerated for 3-4 hours before the
curing process was continued using wet burlap sacks.
Several cylindrical specimens with various w/b ratios
were not treated with steam curing and were only
treated using wet burlap sacks. The SCC mix design
with the variation of SCT of 60° C, 70° C, 80° C, and
a w/b ratio of 0.350 is shown in Table 1. The content
of 2% SP was based on a previous study [21]. The
w/b ratio of 0.350 was chosen due to the predicted
medium slump behavior compared with w/b ratios of
0.325 and 0.375. The mix design of various w/b ratios
without steam curing is presented in Table 2.
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Figure 1. Steam curing machine
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Figure 2. Drying process of the Palm Shell Ash

Table 1. Mix design of SCC (in kg/m?) with a w/b ratio of
0.350 and various SCT

SCT PSA PSA OPC CA FA Water  SP
(%) (%)
25°C 0 0 585.71 594.12 650.11 205 2
25°C 10 52.57 527.14 594.12 650.11 205 2
60°C 0 0 585.71 594.12 650.11 205 2
60°C 10 58.57 527.14 594.12 650.11 205 2
70°C 0 0 585.71 594.12 650.11 205 2
70°C 10 58.57 527.14 594.12 650.11 205 2
80°C 0 0 585.71 594.12 650.11 205 2
80°C 10 58.57 527.14 594.12 650.11 205 2
Notes

CA: coarse aggregate; FA: fine aggregate

Table 2. Mixed design of SCC (in kg/m?) with various w/b
ratios and without SCT

PSA  PSA w/b OPC CA FA Water SP
(%) ratio (%)
0 0 0325 58571 594.12 650.11 190.356 2
10 52.57 0.325 527.14 594.12 650.11 190356 2
0 0 0350 585.71 594.12 650.11 205.000 2
10 52.57 0350 527.14 594.12 650.11 205.000 2
0 0 0375 585.71 594.12 650.11 219.641 2
10 52.57 0375 527.14 594.12 650.11 219.641 2

The mass density of all cylindrical specimens was
obtained from the mass divided by the volume of the
concrete. The SCC mass was determined by
weighing the concrete to compare the influence of
using PSA, SCT, and w/b ratio. The diameter and
height of the cylindrical specimens were also
determined. The mass density is the SCC mass per
unit volume of an object. Eq. (1) expresses the
compressive strength, while the mass density of
concrete can be obtained using Eq. (2).

=3 M)
p=5 )

where: f!, P, A, p, m, and V are compressive strength
(MPa), maximum load (N), compression area (mm?),
mass density (kg/cm?®), mass (kg), and volume (cm?).
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3. RESULTS AND DISCUSSION
The XRF and XRD test on PSA

The most extensive compound content in PSA
was 81.56% of Si0,. It made PSA could substitute
cement because of pozzolanic behavior due to high
silica content [22]. In addition, the content of
compounds in the specimens was 1.44% of Al,03,
1.60% of P, 05, 4.16% of K, 0, 8.66% of Ca0, 0.35%
of MnO, 1.96% of Fe,05, and other compounds in
Table 3.

Table 3. XRF test of PSA

Compound Percentage (%) Composition Percentage (%)
Sio, 81.560 NiO 0.007
Al, 04 1.440 Cu0 0.032
P,05 1.600 Zn0 0.023
K,0 4.160 Rb,0 0.040
Ca0 8.660 Eu,0, 0.090
MnO 0.350 Yb, 03 0.020
Fe, 04 1.960 Re,0, 0.050
Intensity (cps)
3000 o
2000
1000
0 MWUWWWW
20 40 60 80

2-theta (deg)

Figure 3. XRD test results

The XRD tests of PSA were done to observe the
crystal structures of the material that were divided
into two, namely crystalline and amorphous. The
amorphous phase indicated the reactivity of a
material, while the crystalline phase showed the
opposite  behavior. Figure 3 presents the
diffractogram graph that shows a dominant
crystalline phase indicated by the presence of high
diffraction peaks such as at 20 = 29.64°, 20 = 26.80°,
and 20 = 39.58° with an intensity of 3133.33 cps,
808.33 cps, and 633.33 cps, respectively. The
composition of the PSA material was dominated by
Si in a crystalline silica formation, causing it to be
unreactive. Thus, the PSA had a less significant role
in binding and forming bonds in the hydration
reaction process.

Fresh SCC Characteristics Test with Variations of
SCT

The slump flow test results of fresh SCC are
presented in Table 4. The mixture incorporated 10%
PSA caused the SCC workability to decrease. It was
because the fine PSA granules had a large surface
area to absorb water content, then the mixture
became more viscous, affected the slump, and
reduced the spread of fresh concrete. The slump test
flow results using V-funnel showed that the smaller
diameter of palm oil granules required a longer time.
The lowest slump diameter of 0% PSA in SCC
occurred on a 0.325 w/b ratio, while the highest
slump test results were obtained on a 0.375 w/b ratio.
It was due to the greater w/b ratio that resulted in the
greater slump diameter. The V-funnel tests showed
that the smaller w/b resulted in a longer V-funnel
time due to the high viscosity of the fresh SCC, which
took a long time to pass the V-funnel test equipment.
The use of PSA in the SCC mixture also affected the
V-funnel time. The finer PSA granules caused more
absorbed water and resulted in the high viscosity of
the mixture. The results of the L-box test on the fresh
SCC containing 10% PSA were lower H,/H; ratio
than the counterpart of 0% PSA. The fine size of the
PSA caused more water absorption than fresh SCC.
It made it difficult for the fresh SCC mixture
incorporating PSA to pass through the reinforcement
gaps and resulted in a lower H,/H; ratio. The lower
w/b ratio made the SCC mixture have trouble passing
through the steel reinforcement gaps in the L-box test
equipment. Hence the concrete mix had a low passing
ability.

Slump Test

The slump flow test results on the fresh SCC with
variations of 0% and 10% PSA, the w/b ratios of
0.325, 0.350, and 0.375, are shown in Table 4. The
average slump flow test results ranged from 672.0
mm to 740.5 mm. The fresh SCC mixture with 0%
PSA and w/b ratio of 0.325 achieved a slump
diameter of 684.5 mm, while the 10% PSA of SCC
with the same w/b ratio had less slump diameter. The
decreased slump diameter indicated the decreased
flow ability of the SCC along with the PSA
percentage increment. It was due to the absorbed
water in the fresh mixture of SCC by the fine grain of
PSA's large surface area. This behavior followed the
analysis results that stated the Al,05 increased the
water absorption rate of concrete that contained palm
shells [23]. In the SCC mixtures with the same PSA
percentages of 0% and 10%, the increment of the w/b
ratio resulted in greater slump diameters. It indicated
that the amount of water significantly influences the
workability of the concrete mixture. The fresh SCC
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achieved the highest slump diameter with 0% PSA
and a 0.375 w/b ratio.

Table 4. Slump flow of fresh SCC

Table 6. L-Box test results of fresh SCC
Variation ~ w/b H, H, H,/H; Specification Des-
Terms [8] cript-
ion

Variation ~ w/b Slump Flow Specification Fulfill (cm) (cm) (cm)

Diameter (mm) Terms (mm) [8]  criteria 0% PSA 0325 8.65 745 0.86 08-1 Fulfill
0%PSA 0325 6845 550 - 850 Yes 0%PSA 0350 870 775 089 08-1 Fulfill
0%PSA 0350  714.0 550 - 850 Yes 0%PSA 0375 880 800 091 08-1 Fulfill
0%PSA 0375 7405 550 - 850 Yes 10%PSA 0325 890 740 083 08-1 Fulfill
10%PSA 0325 6720 550 - 850 Yes 10%PSA 0350 9.00 7.65 085 08-1 Fulfill
10%PSA 0350  699.0 550 - 850 Yes 10%PSA 0375 935 820 088 08-1 Fulfill
10%PSA 0375 727.0 550 - 850 Yes 0%PSA 0325 865 745 086 08-1 Fulfill

V-funnel Test

The fresh SCC mixture with 0% and 10% 0.95 089 091
replacement of PSA to the weight of cement and w/b 0.90 OV
ratio variations was tested through the V-funnel. The o) 0.85 ./(. 0.88
results are presented in Table 5. The addition of 10% =N 85 ——0% PSA
PSA to the SCC mixture resulted in a higher viscosity 080 | 083 —m—10% PSA
incrementing the required time to flow in the V- 0.75

funnel. Each type of SCC mixture with the same w/b
and different PSA percentages showed this behavior.
It was due to absorbed water by the fine grains of
PSA. Hence the SCC mixture was thicker. The
smaller w/b ratio increased the viscosity, then
resulted in longer V-funnel time

Table 5. V-funnel test results with variations w/b

Variation w/b V-funnel Requirement Note
(second) [8] (second)

0% PSA 0.325 11.56 0-25 Fulfill
0% PSA 0.350 9.21 0-25 Fulfill
0% PSA 0.375 5.02 0-25 Fulfill
10% PSA 0.325 13.48 0-25 Fulfill
10% PSA 0.350 10.66 0-25 Fulfill
10% PSA 0.375 6.24 0-25 Fulfill
L-Box Test

The L-box test results on the fresh SCC with
PSA percentages of 0% and 10% with the various
w/b ratios are shown in Table 6. It revealed that using
PSA reduced fresh SCC's passing ability, which was
expressed in the H,/H; ratio. A high H,/H; ratio
indicated that the concrete mixture had an excellent
ability to flow. The fine size of the PSA had a large
surface area and caused more water absorption,
resulting in difficulty for the SCC mixture passing
through the steel reinforcement gaps. The w/b
affected the L-box test results. The smaller w/b made
a lower passing ability and caused more difficulty in
passing through the gap between steel bars. Figure 4
shows that the passing ability of the fresh SCC
mixture incorporating 10% PSA was lower than the
counterpart without PSA.

0.325 0.350 0.375
Water Binder Ratio

Figure 4. Passing ability of the fresh SCC mixture
Mass Density Test with Variations of SCT

The w/b ratio of all specimens was 0.350. The
labels of cylindrical specimens were based on the
SCT of 25 °C (room temperature), 60° C, 70° C, and
80" C on the hardened SCC and 0% and 10% PSA
content, respectively. For example, the label of a
specimen that had been heated at 25 degrees
Celcius and contained 0% of PSA was SCC-25-0.
All cylindrical specimens were not treated using
steam and only cured with moisture burlap sacks.
The mass density of each specimen was obtained
using Eq. (1), ranging from 2330.36 to 2402.91
kg/m?® were presented in Table 7.

The mass density decreased from 7 to 28 days due
to the evaporation of water contained in the
specimens during the steam curing. The average mass
density that was affected by the curing temperature,
which was showed by the mass density of SCC
contained 0% PSA, ranged from 2340.04 kg/m?® to
2391.45 kg/m?®, while the SCC contained 10% PSA
mass density ranged from 2333.42 kgm® to 2381.78
kgm® with differences of 2.15% and 2.03%,
respectively. The highest mass density of 2391.45
kg/m® was achieved on an SCT of 25° C at the age of
7 days with 0% PSA. The lowest mass density of
2333.42 kg/m® was found at an SCT of 80° C, age of
28 days, with 10% PSA. It proved that using PSA in
the mixture resulted in a smaller mass density. This
behavior was in line with the previous research,
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which stated that the decreasing of concrete mass
density happened along with the increased content of
PSA in the mixture [24]. The highest SCT of 80" C
caused more water evaporation compared with the
25" C, 60° C, and 70" C. Table 8 shows the average
mass density of SCC.

Table 7. Mass density (in kg/m?) with variations of SCT

Specimen Concrete age

7 days 14 days 28 days

Mass density Mass density ~ Mass density
SCC-25-0 240291 2363.45 2353.27
SCC-25-0 2394.00 2381.27 2354.55
SCC-25-0 2397.82 2369.82 2350.73
SCC-25-0 2381.27 2383.82 2364.73
SCC-25-0 2381.27 2380.00 2362.18
Average 2391.45 2375.67 2357.09
SCC-25-10 2378.73 237491 2349.45
SCC-25-10 2394.00 2376.18 2354.55
SCC-25-10 2382.55 2373.64 2352.00
SCC-25-10 2386.36 2369.82 2359.64
SCC-25-10 2367.27 2358.36 2357.09
Average 2381.78 2370.58 2354.55
SCC-60-0 2364.73 2360.91 235391
SCC-60-0 2378.73 2367.27 2359.00
SCC-60-0 2392.73 2359.64 2348.82
SCC-60-0 2387.64 2380.00 2360.27
SCC-60-0 2380.00 237745 2356.45
Average 2380.76 2369.05 2355.69
SCC-60-10 2363.45 2366.00 2349.45
SCC-60-10 2362.18 2367.27 2353.27
SCC-60-10 238891 2357.09 2353.27
SCC-60-10 2372.36 2353.27 2345.64
SCC-60-10 2367.27 2366.00 2352.00
Average 2370.84 2361.93 2350.73
SCC-70-0 2367.27 2359.64 2340.55
SCC-70-0 2364.73 2357.09 2350.73
SCC-70-0 2367.27 2355.82 2354.55
SCC-70-0 2369.82 2362.18 2362.18
SCC-70-0 2366.00 2363.45 2348.18
Average 2367.02 2359.64 2351.24
SCC-70-10 2355.82 2354.55 2348.18
SCC-70-10 2359.64 2350.73 2336.73
SCC-70-10 2353.27 2355.82 2345.64
SCC-70-10 2358.36 2358.36 2349.45
SCC-70-10 236091 2353.27 2349.45
Average 2357.60 2354.55 2345.89
SCC-80-0 2355.82 234691 2334.18
SCC-80-0 2350.73 2358.36 2330.36
SCC-80-0 2358.36 2340.55 2341.82
SCC-80-0 2355.82 2339.27 2345.64

Specimen Concrete age
7 days 14 days 28 days
Mass density Mass density Mass density
SCC-80-0 2353.27 2353.27 2348.18
Average 2354.80 2347.67 2340.04
SCC-80-10 2343.09 2341.82 2331.64
SCC-80-10 2341.82 2336.73 2336.73
SCC-80-10 2341.82 233291 233291
SCC-80-10 2350.73 2340.55 233545
SCC-80-10 2348.18 2348.18 2330.36
Average 2345.13 2340.04 2333.42
Table 8. Average mass density of SCC
Percentage Concrete  Mass density (kg/m®)
of PSA age
(%) (days) 25°C 60° C 70° C 80° C
0 7 239145 2380.76 2367.02  2354.80
0 14 2375.67 2369.05 2359.64  2347.67
0 28 2357.09  2355.69 2351.24  2340.04
10 7 2381.78  2370.84 2357.60  2345.13
10 14 2370.58 2361.93 2354.55  2340.04
10 28 2354.55 2350.73 234589 233342

Figures 5 and 6 show the correlation of the mass
density to curing temperature on SCC incorporating
0% and 10% PSA. An increase in curing temperature
caused a decrease in the mass density of concrete due
to the evaporation of water, but not significantly. The
decreased mass density of the hardened cement paste
was due to the increased curing temperature and in
accordance with the previous research [25].

= 111

2350
2300

25°C  60°C  70°C  80°C
SCT

2250
2200
2150
2100

m 7 days
H 14 days
28 days

Mass density (kg/m?)

Figure 5. Comparison of SCC mass density incorporating 0%

PSA to SCT

2400
= 2350
ED 2300
> 2250 u7 days
2 2200 u 14 days
3 2150 .
% 2100 ays
p= 25°C 60°C  70°C  80°C

SCT

Figure 6. The comparison of SCC mass density incorporating
10% PSA to SCT
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Mass Density Test with Variations of the w/b Ratio

The mass density of SCC for each variation of the
w/b ratio is presented in Table 9. The smaller w/b
ratio resulted in increased density of SCC, and the
density became less along with the age of SCC due
to evaporation during the steam curing. The average
mass density ranged from 2341 kg/m® to 2399.35
kg/m?>. The obtained mass density changed at the ages
of 7, 14, and 28 days indicating the decreased density
along with age. The PSA reduced the SCC's mass
density and made the SCC's mass density containing
10% PSA smaller than the counterpart with 0% of
PSA in each w/b variation. This behavior is shown in
Figure 7, following the previous research, which
stated that PSA caused decreased mass density [26].
The greater ratio of w/b caused a lower mass density
of SCC [27], as are shown in Figures 8 and 9. It
revealed that the greater ratio of w/b reduced the
required aggregate contained in the SCC mixture and
caused a decrease in mass density. The greatest mass
density of SCC containing 0% and 10% PSA was
achieved with a w/b ratio of 0.325 at 7 days the age
0f 2399.35 kg/m? and 2390.18 kg/m?, respectively.

Table 9. Mass (in kg) and average mass density (in kg/m?) of

SCC

Age: Mass 7 days Mass 14days Mass 28 days
Specimen Mass Mass Mass
density density density

g(]CA]CP_gﬁzs_ 3778  2404.18 3.76  2394.00 3.73 2372.36
378 240291 376 239273 3.71 2363.45

374 2380.00 3.75 2387.64 3.71 2362.18

377  2401.64 3.74 238255 3.72 2367.27

378  2408.00 3.75 238891 3.72 2369.82

Average: 2399.35 2389.16 2367.02
?g)z_g‘;js_ 377 239655 373 2376.18 3.71 2362.18
3.75 2386.36  3.75  2386.36 3.71 2359.64

376 2394.00 3.73 237491 3.70 2355.82

376  2390.18 3.74 2380.00 3.72 2364.73

375  2383.82 3.74 238127 3.71 2360.91

Average: 2390.18 2379.75 2360.65
(S)OCA)CI;SI:SO- 376  2394.00 3.73 2373.64 3.70 2355.82
376 239145 373  2376.18 3.70 2354.55

376 239273 374  2380.00 3.68 2340.55

3.75 2383.82 3.74 237745 3.70 2357.09

376 239145 373 237618 3.71 2358.36

Average: 2390.69 2376.69 2353.27
?g)/co-f(’)és:zo- 374 237745 372  2369.82 3.69 2349.45
374 238127 373 2371.09 3.69 2350.73

374 237873 372 2368.55 3.69 2349.45

3.73 237491 372 2369.82 3.69 2349.45

Age: Mass 7 days Mass 14 days Mass 28 days
Specimen Mass Mass Mass
density density density

3.74  2380.00 3.72 236727 3.69 2345.64

Average: 2378.47 2369.31 2348.95

SCC-0.375-

0% PSA 374 237745 371 2359.64 3.70 2352.00
3.74 238255 372  2369.82 3.68 2343.09
375  2385.09 3.73 2372.36 3.69 2345.64
3.74 238127 3.73 237491 3.68 234436
375  2385.09 3.72 2364.73 3.68 2343.09

Average: 2382.29 2368.29 2345.64

SCC-0.375-

10 % PSA 373 2371.09 3.70 235582 3.69 2345.64
3.73 237236 3.71 2362.18 3.67 2336.73
372 2366.00 3.71 236345 3.67 2338.00
373 2373.64 371 236091 3.68 2341.82
3.74 237745 3.72 2366.64 3.68 234436

Average: 2372.11 2361.80 2341.31

mw/b=0.325 mw/b=0.350 w/b=0.375
2450

2400

2350
2300
2250
2200

PSA | PSA | PSA | PSA | PSA | PSA

Average nass density (kg/m?)

7 days 14 days 28 days
Figure 7. Influence of 0% and 10% of PSA on the mass density
of SCC
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Figure 8. Correlation of w/b on mass density of SCC with
0% PSA
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Figure 9. Correlation of w/b on mass density of SCC with 10%
PSA

Compressive Strength Test with a Variation of SCT

The SCC cylindrical specimens incorporating 0%
and 10% of PSA were tested at 7, 14, and 28 days
after SCT treatment. The compressive strengths were
obtained using Eq. (2). The experimental results
showed that the higher curing temperature resulted in
greater compressive strength of SCC. This behavior
occurred in specimens of the same age and
percentage of PSA. The compressive strength
increased along with age. At the age of 7 days, the
greatest compressive strength was 31.18 MPa from a
specimen containing 10% PSA and treated with 80°C
SCT. At the next age of 14 days, it was obtained that
the compressive strength of SCC was 32.84 MPa
under a SCT of 70° C, while at the age of 28 days and
under an SCT of 60° C was 36.27 MPa, respectively.

Using 0%, PSA in the SCC mixture resulted in
smaller compressive strength at each variation of
curing temperature than 10% PSA. It indicated that
using PSA in the SCC mixture increased the
compressive strength. However, the increment was
insignificant because of the 2%-9% difference. This
behavior was influenced by the crystalline phase
dominated in PSA, even though it had a high silica
content. Crystalline silica was less reactive than
amorphous silica. Then it did not accelerate the
hydration reactions at an early age. Figures 10 and
11 show the correlation between compressive
strength and age of SCC containing 0% and 10%
PSA, respectively. The compressive strength
increased along with the SCC's age at 7, 14, and 28
days for all variations of SCT. The compressive
strength of SCC without PSA increased along with
the SCT at the age of 7 and 14 days, while in the
age of 28 days, it decreased since 70°C. The
compressive strength of SCC that contained 10%
PSA at age 7 days increased along with the SCT,
while at the age of 14 days, it decreased under the
SCT of 80°C. Both SCC incorporating 0% and 10%
PSA showed increased compressive strength of 4%

at 28 days and temperature of 60° C compared to
25° C. The SCC treated at 70° C and 80° C and age
of 28 days had a decreased compressive strength in
percentages of 2%-4% due to the high temperature
of the hydration process. Thus, the increment and
degradation of compressive strength at the age of
28 days due to the difference in SCT became less
significant because of the close range of the
temperature. This behavior was similar with the
experimental results reported by Ramezanianpour
et al. [14]. The steam treatment at a temperature of
70° C caused a decrease in the durability and
compressive strength of self-compacting concrete.
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2 9914 30.42 3373
= 29.40
E 27.87
2 30 |
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2 m25°C
z 20
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<
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Z

0
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Concrete age
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Figure 10. Comparison of compressive strength to the age of
SCC with 0% PSA
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Figure 11. Comparison of compressive strength to the age of
SCC with 10% PSA

Figure 12 compares SCC compressive strength to
the curing temperature containing 0% PSA. The
lowest compressive strength was obtained at 7 days
of age and an SCT of 25°C, while the greatest
compressive strength was achieved under the SCT
of 60° C at 28 days. The curing temperature above
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60° C caused decreased compressive strength in the
same age of SCC. The same behavior was shown
by SCC incorporating 10% PSA in Figure 13. It
indicated that the optimum curing temperature was
60°C, providing the suitable condition for the
hydration process to produce the greatest
compressive strength at the age of 28 days. Both
SCC was containing 0% and 10% PSA with high
curing temperatures of 80° C in early age
experienced acceleration of hydration reaction rate.
It caused a bond between cement and aggregate,
and compressive strength increased. The steam
curing method showed high initial compressive
strength because of the fast hydration process [28].

= 40
) 3475 3398 33 73
5 35 | 33352940
&= 27.75 293 ?S 30 04
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o 30 5.2l
225
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Figure 12. Comparison of average compressive strength to the
SCT with 0% PSA
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Figure 13. Comparison of average compressive strength to the
SCT with 10% PSA

The excessive curing temperature caused
degradation of performance on the concrete
microstructure, and was increasingly damaged as the
temperature increased. Because pozzolans (cement
substitutes of PSA) could reduce damage due to high
temperatures in concrete parts exposed to high
temperatures after completion of the curing process
[28], the compressive strength of SCC containing
10% PSA was higher than its non-PSA counterparts.
The increase in SCT also caused a decrease in the

mass of SCC and PC performance, thereby reducing
the compressive strength of concrete [29]. The higher
the SCT and the longer the heating process can cause
the concrete matrix to become more brittle and
reduce the compressive strength [30].

Compressive Strength with w/b Variation

The tests for SCC specimens were conducted at
the ages of 7, 14, and 28 days. The average
compressive strength ranged from 23.29 MPa to
36.78 MPa and increased along with the age of SCC
for each w/b ratio. The influence of w/b on the
compressive strength of SCC containing 0% and
10% PSA is shown in Figures 14 and 15. The
smaller w/b ratio in the mixture produced greater
compressive strength [31]. It was due to the high
w/b ratio increased water volume in the SCC voids.
Then, when the water evaporation occurred, the
pores formed and reduced the compactness of SCC.
It resulted in a reduction of compressive strength.
The change in compressive strength, along with a
decrease of w/b, ranged from 4% to 19%. The
highest compressive strength occurred in SCC,
incorporating 0% and 10% PSA with a w/b ratio of
0.325 and 28 days of age, 35.51 MPa and 36.78
MPa, respectively. The lowest compressive
strength was obtained at SCC with a w/b ratio of
0.375, age of 7 days, containing 0% and 10% PSA
with values of 23.29 MPa and 2698 MPa,
respectively. Figure 16 shows that each variation of
the w/b ratio was greater than the counterparts
without PSA. The percentage of compressive
strength difference between the SCC incorporating
0% and 10% PSA ranged from 3% to 16%. It
showed that PSA of as much as 10% of cement
weight increased the compressive strength. The
fineness of the PSA material filled the cavities
between the cement particles, thereby increasing
the compressive strength.
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Figure 14. Influence of w/b on compressive strength of SCC
containing 0% PSA

DOI: https://doi.org/10.35139/cantilever.v13i1.235
© 2024 published by Sriwijaya University



Nurjannah et al. | Cantilever: Jurnal Penelitian dan Kajian Bidang Teknik Sipil, 2024, 13(1): 1-12

40 36.78

35 30?’11 95 30?045_49 30.93

30 28.0 26,297'87

20 m 7 days
15 H 14 days
10 28 days

Average compressive strength
(MPa)

0.325 0.350 0.375
Water/binder ratio

Figure 15. Influence of w/b on compressive strength of SCC
containing 10% PSA
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Figure 16. Influence of PSA on the SCC compressive strength

4. CONCLUSION

The analysis of Self Compacting Concrete (SCC)
incorporating 0% and 10% Palm Shell Ash (PSA)
with a variation of curing temperature and w/b ratios
on the behavior and properties lead to some
conclusions as follows:

1) The fresh SCC containing 10% PSA was
compared with the counterpart of 0% PSA. It
showed a smaller slump flow, while the results of
the V-funnel test of the SCC incorporating 10%
PSA were greater due to the high viscosity of the
concrete, which required a longer time. In the L-
box test, the H,/H; ratio was smaller due to the
PSA characteristics that reduced the workability
of the mixture. The hardened SCC showed that
the use of 10% PSA caused the lighter density of
the concrete compared with the counterpart
containing 0% PSA. The compressive strength
increased due because of the use of 10% PSA.

2) The curing using the steam curing method at
temperatures of 60° C, 70° C, and 80° C resulted
in a lighter mass density of SCC compared with
the counterpart cured at room temperature of 25°
C. The lowest mass density was at a curing

3)

4)

S)

6)

7)

temperature of 80° C, while the greatest was at a
room temperature of 25° C. This behavior
occurred since a temperature of 70° C indicated
that the higher the curing temperature, the lighter
the SCC mass density due to the water
evaporation.

The optimum curing temperature was 60° C,
producing the greatest compressive strength of
36.27 MPa of SCC containing 10% PSA at 28
days. The 70° C and 80° C curing temperatures
disrupted the hydration process and resulted in
lower compressive strength.

The variations of the w/b ratio affected the
mechanical properties of the fresh SCC. The
amount of water influenced the workability of the
SCC mixture. Therefore, the higher the w/b
ratios, the greater the slump flow values. The test
results showed that the greatest slump diameter
was obtained on SCC with a w/b ratio of 0.375.
The required time for the SCC mixture to pass
through the V-funnel test equipment was shorter
as the w/b ratio increased. The H,/H; increased
because the greater the w/b value, the easier the
SCC mixture passes through the reinforcements
in the L-box test equipment.

The smaller w/b ratio resulted in SCC's higher
compressive strength and density. It was found
that the compressive strength at w/b of 0.325 was
higher than the counterpart with w/b of 0.375.
The highest compressive strength and mass
density of 35.51 MPa and 2399.35 kg/m’® were
obtained on SCC with w/b of 0.325 and
containing 0% APC. The SCC with the same w/b
and having 10% PSA achieved the greatest
compressive strength and less mass density of
36.78 MPa and 2390.18 kg/m?, respectively.

The use of PSA in the SCC caused more
absorption of water content, then made the
viscosity increase and workability decrease. The
slump diameter was smaller due to the 10% PSA
content. The SCC mixture containing 10% PSA
requires a longer time to pass the V-funnel test
equipment than the counterpart of 0% PSA.
Furthermore, the H,/H,; value of the L-box test
on the SCC containing 10% PSA was smaller
than the counterpart of 0% PSA.

The PSA also affected the compressive strength
and mass density of SCC. The SCC's highest
compressive strength was achieved with 0% and
10% PSA with w/b of 0.325 at 28 days of 35.51
MPa and 36.78 MPa, respectively. The
compressive strength of SCC containing 10%
PSA was greater than that of 0% PSA. The SCC
containing 10% PSA showed the opposite
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behavior, which had less mass density than the
counterpart of 0% PSA.

8) The SCT of 60° C, 10% PSA, and w/b ratio of
0.350 in the mixture produced the greatest
compressive strength of 36.27 MPa at 28 days of
age, while without SCT, the greatest compressive
strength of 36.78 MPa was achieved at the age of
28 days containing 10% PSA and w/b ratio of
0.325. It indicated that the w/b ratio was more
influential than the SCT on the increase of the
SCC compressive strength.
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