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Abstrak

Meningkatnya permintaan akan material konstruksi berkelanjutan telah mendorong pemanfaatan
bahan alternatif seperti rice husk ash (RHA) dan penggunaan admixture kimiawi seperti
superplasticizer dalam self-compacting concrete (SCC). Penelitian ini bertujuan untuk
mengevaluasi pengaruh penambahan RHA dan superplasticizer terhadap sifat beton SCC dalam
kondisi segar dan mengeras, dengan fokus pada kemampuan mengalir (flowability), ketahanan
terhadap segregasi, dan kekuatan tekan. Program eksperimen melibatkan tiga campuran SCC:
beton normal, serta SCC dengan penambahan RHA dan superplasticizer masing-masing sebesar
4% dan 8% dari berat semen. Sifat beton segar diuji menggunakan uji slump flow, V-Funnel, dan
L-Box, sedangkan kekuatan tekan diuji pada benda uji kubus setelah perawatan selama 28 hari.
Hasil menunjukkan bahwa penambahan 4% RHA dan superplasticizer meningkatkan kekuatan
tekan hingga 34,02 MPa dan tetap mempertahankan kemampuan alir dalam batas yang
ditentukan, dengan diameter slump flow rata-rata 675697 mm, waktu V-Funnel 7,35-8,72 detik,
dan rasio L-Box sebesar 0,84-0,85. Namun, campuran dengan 8% RHA menunjukkan
penurunan kekuatan tekan menjadi 28,51 MPa, yang mengindikasikan bahwa penggunaan
superplasticizer yang berlebihan dapat merusak kohesi antar partikel. Selain itu, penggunaan
RHA menyebabkan penurunan densitas beton, yang menunjukkan potensinya untuk aplikasi
konstruksi ringan. Temuan ini menegaskan bahwa dosis 4% RHA dan superplasticizer mampu
mengoptimalkan performa SCC serta mendukung konstruksi berkelanjutan melalui penggunaan
material yang efisien dan tahan lama. Studi ini menekankan pentingnya perancangan campuran
yang tepat dan menyarankan perluasan aplikasi RHA dan admixture kimia dalam pengembangan
teknologi beton ramah lingkungan.

Kata kunci: Self-Compacting Concrete (SCC), Rice Husk Ash (RHA), Superplasticizer, Kuat Tekan, Material
Konstruksi Berkelanjutan

Abstract

The increasing demand for sustainable construction materials has encouraged the utilization of
alternative materials, such as rice husk ash (RHA), and the use of chemical admixtures like
superplasticizers in self-compacting concrete (SCC). This study aims to evaluate the effects of
RHA and superplasticizer incorporation on the fresh and hardened properties of SCC, focusing
on flowability, segregation resistance, and compressive strength. The experimental program
involved three SCC mixtures: normal concrete, and SCC with 4% and 8% RHA and
superplasticizer by cement weight. Fresh concrete properties were assessed using the slump
flow, V-Funnel, and L-Box tests, while compressive strength tests were conducted on cube
specimens after 28 days of curing. The results indicated that the addition of 4% RHA and
superplasticizer enhanced the compressive strength to 34.02 MPa and maintained flowability
within the specified limits, with an average slump flow diameter of 675—697 mm, V-Funnel time
of 7.35-8.72 seconds, and L-Box ratio of 0.84—0.85. However, the 8% RHA mixture exhibited a
decline in compressive strength (28.51 MPa), highlighting the detrimental effects of excessive
superplasticizers on particle cohesion. Furthermore, the use of RHA reduced concrete density,
showcasing its potential for lightweight construction applications. These findings confirm that a
4% RHA and superplasticizer dosage optimizes SCC performance, supporting sustainable
construction through resource-efficient and durable materials. The study underscores the need
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for precise mix designs and suggests broader applications of RHA and chemical admixtures in
advancing green concrete technologies.
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Introduction

The need for sustainable construction practices is growing due to environmental
challenges and dwindling natural resources (Chiu et al., 2014; Kioumarsi & Plevris, 2024;
Nilimaa, 2023). Self-compacting concrete (SCC) is an innovative material in
construction, known for its excellent workability and performance. SCC flows under its
weight, filling complex molds and tightly packed reinforcement sections without needing
mechanical vibration (Aziz et al., 2024; Phan & Nguyen, 2025). This unique property
lowers labor and energy use during construction, reduces defects, and improves
consistency, leading to stronger and better-performing structures (Rwamamara &
Simonsson, 2012). Despite its numerous advantages, SCC’s mechanical properties,
particularly compressive strength, remain a critical focus for researchers and
practitioners alike (Kalyana Chakravarthy & Namratha, 2022). To create a strong and
sustainable SCC, it's essential to have a balanced mix design that includes innovative
materials and admixtures to improve performance and meet environmental standards
(Zende et al., 2023).

One promising approach to enhancing the properties of SCC is the incorporation
of supplementary cementitious materials (SCMs) (Aziz et al., 2024; Chen et al., 2006;
Emam & Yehia, 2017; Muralidharan et al., 2021) such as rice husk ash (RHA) and
chemical admixtures like superplasticizers. RHA, a by-product of rice milling, is valued
for its abundance and high silica content, which provides pozzolanic properties (Das et
al.,, 2022; Hossain et al., 2021; Neri et al., 2023; Part et al., 2015). When partially
replacing cement, RHA reacts with calcium hydroxide in the hydration process to create
more calcium silicate hydrate (C-S-H) gel. This gel contributes to the densification of the
concrete matrix, thereby improving compressive strength and durability (Saad et al.,
2015). Using RHA helps meet global sustainability goals by lowering the carbon footprint
of cement production and offering a way to manage agricultural waste (Farid & Zaheer,

2023). The effectiveness of RHA in concrete, including SCC, depends on its fineness,
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dosage, and compatibility with other mix components (Antiohos et al., 2014; Siddika et
al., 2021). Optimizing these parameters is essential to maximize the benefits of RHA in
SCC.

Superplasticizers, on the other hand, are essential in achieving the high
workability required for SCC without compromising its mechanical properties. Water-
reducing agents lower the water-to-cement ratio, improving flowability and keeping the
mix cohesive and resistant to segregation (Ben Aicha, 2020). By improving the packing
density of particles and reducing the porosity of the concrete matrix, superplasticizers
contribute to the overall strength and durability of SCC (Olowofoyeku et al., 2019). When
combined with RHA, superplasticizers enable the effective dispersion of particles,
enhancing the pozzolanic reaction and further improving the compressive strength of the
mix (Pradhan & Sharma, 2021). Despite these promising attributes, the combined effects
of RHA and superplasticizers in SCC have not been fully explored, particularly
concerning their interaction at varying proportions. Understanding the synergistic
relationship between these components is critical for developing high-performance SCC

formulations tailored to diverse construction needs.

This study aims to address the gaps in existing research by systematically
investigating the combined impact of RHA and superplasticizers on the compressive
strength of self-compacting concrete. Through rigorous experimental analysis, the
research explores the optimal proportions of RHA and superplasticizers in SCC,
examining their individual and combined effects on mechanical properties, workability,
and durability. The study also analyzes the impact of mixed design parameters, including
the fineness of RHA and the dosage of superplasticizers, on the performance of SCC
under various conditions. This research enhances understanding of interactions to
improve sustainable concrete technologies that meet environmental and economic

goals.

Methods

This study employs an experimental approach to investigate the effects of
incorporating RHA and superplasticizers into SCC. The methodology involves material
characterization, mix design, specimen preparation, and compressive strength testing

based on relevant standards. Below are the detailed steps undertaken in the research:

a. Materials and Material Testing

1) Cement
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The Portland cement used in this study is Tonasa cement, which complies with ASTM-

C-150-92 standards for cement testing.
2) Coarse Aggregates
The properties of the coarse aggregates were evaluated through the following tests:

- Gradation Analysis: Conducted as per SNI-03-1968-1990.

- Specific Gravity and Water Absorption: Measured following SNI-1969-2008.
- Bulk Density: Determined by SNI-1973-2016.

- Moisture Content: Tested as per SNI-03-1971-1990.

- Mud Content: Assessed following SNI 03-4142-1996.

- Abrasion Resistance: Conducted according to SNI-03-2417-1991.

3) Fine Aggregates
The properties of the fine aggregates were evaluated through the following tests:

- Gradation Analysis: Conducted as per SNI-03-1968-1990.

- Specific Gravity and Water Absorption: Measured following SNI-1970-2008.
- Bulk Density: Determined by SNI-1973-2016.

- Moisture Content: Tested as per SNI-03-1971-1990.

— Mud Content: Assessed following SNI-03-4428-1997.

4) Rice Husk Ash (RHA)
The RHA was characterized through the following tests:

— Specific Gravity and Water Absorption: Measured based on SNI-1970-2008.
- Bulk Density: Determined according to SNI-1973-2016.

b. Concrete Mix Design

The concrete mix was designed based on the guidelines provided in SNI-7656-2012 for
normal, heavy, and mass concrete formulations. Two variations of RHA and
superplasticizer additions, at 4% and 8% of the cement weight, were prepared to

evaluate their effects on SCC.

C. Characteristics of SCC test
SCC is defined by its ability to flow and compact under its weight without external
vibration, meeting three main criteria: Filling Ability, Passing Ability, and Segregation

Resistance.
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— Filling Ability: SCC can flow and fill molds under its weight. The slump-flow test
measures spread diameter, typically between 600—-800 mm, indicating sufficient
flowability for proper filling.

— Passing Ability: SCC flows through tight spaces without blockages. The L-Box test
evaluates this, with a blocking ratio (H2/H+) between 0.8—1.0 considered optimal.

—  Segregation Resistance: SCC maintains uniformity during placement. The V-Funnel
test measures flow time, ideally within 6-12 seconds, ensuring stability and

preventing segregation.

d. Preparation and Curing of Test Specimens

— The preparation and curing of concrete specimens followed the procedures outlined
in SNI-2493-2011. Cube specimens with dimensions of 150 mm x 150 mm x 150
mm were prepared for each variation. Five specimens were cast for each mix
variation, ensuring sufficient replicates for statistical reliability.

—  After casting, the specimens were cured in water for a standard period of 7 days

before testing.

e. Compressive Strength Testing
The compressive strength of the concrete specimens was determined on day 28 using
the cube specimens. The testing procedure adhered to SNI-03-1974-1990. The

compressive strength (f’c) was calculated using the formula:

P (1)
f c =
A
where:
fe : Compressive strength (MPa)
P : Maximum load indicated by the testing machine (N)
A : Cross-sectional area of the specimen (mm?)
f. Data Analysis

The test results were analyzed to determine the effects of rice husk ash and
superplasticizer on the compressive strength and workability of SCC. Statistical
comparisons were made to evaluate the performance of the 4% and 8% variations. The
findings were used to establish the optimal mix design for enhancing the mechanical

properties of SCC.
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Results And Discussion

Results
The Characteristics Of Material

The quality and performance of concrete are significantly influenced by the
physical properties of its constituent materials. Therefore, a detailed assessment of the
raw materials used—namely fine aggregate, coarse aggregate, and RHA—was
conducted to ensure their suitability for concrete production. Table 1 highlights the
characteristics of fine aggregate, coarse aggregate, and RHA as components in concrete
production. Fine aggregate has a fineness modulus of 2.78, a water content of 4.93%,
and an apparent specific gravity of 2.65, suitable for workability and strength
development. Its absorption is 1.50%, while mud content is low at 0.99%, ensuring
minimal impurities. Coarse aggregate, with a coarser fineness modulus of 7.48 and a
lower water content of 0.90%, provides structural stability. It has an apparent specific
gravity of 2.74 and a wear and tear percentage of 22.86%, reflecting its durability. RHA,
a lightweight supplementary material, has an apparent specific gravity of 1.24 and a
volume weight of 0.60 kg/l, significantly contributing to reducing concrete weight while
enhancing sustainability. Together, these materials meet the technical and

environmental requirements for producing durable, strong, and eco-friendly concrete.

Table 1. Characteristics of concrete materials

Characteristics Fine Aggregate Coarse Aggregate RHA
Fineness modulus 2.78 7.48 -
Water content (%) 4.93 0.90 -
Apparent spesific grafity 2.65 2.74 1.24
Bulk specific gravity (SSD basic) 2.55 2.69 -
Bulk specific gravity (on dry basic) 2.58 2.66 -
Absorption (%) 1.50 1.07 -
Volume weight (kg/l) 1.52 1.24 0.60
Mud content (%) 0.99 0.70
Wear and tear (%) - 22.86

The Material Composition Of Self-Compacting Concrete

To evaluate the influence of supplementary materials on concrete composition,

a mix design was developed for several cube samples. The design considered material
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efficiency, performance enhancement, and sustainability aspects. Table 2 presents the
material requirements for producing five concrete cube samples, incorporating a 10%
material loss factor. Three concrete mixes were assessed: normal concrete, concrete
with 4% superplasticizer and RHA, and concrete with 8% superplasticizer and RHA.
Water requirements decreased with the addition of superplasticizer, from 3.44 kg in
normal concrete to 3.31 kg and 3.17 kg in the modified mixes, enhancing workability.
Superplasticizer was added at 0.14 kg and 0.28 kg for 4% and 8% variations,
respectively. Cement usage also reduced from 8.99 kg in normal concrete to 8.63 kg and
8.27 kg, while RHA was introduced as a partial cement replacement at 0.36 kg and 0.72
kg for the respective mixes. Coarse and fine aggregate requirements remained constant
across all mixes at 12.85 kg and 17.99 kg, respectively, ensuring consistent volumetric
stability. This mix design highlights the potential of superplasticizers and RHA to optimize

material usage and improve concrete properties while maintaining structural integrity.

Table 2. Material requirements for 5 cube samples with a material loss factor of 10%

Concrete with 4% Concrete with

Normal Superplasticizer and 8%
Material Concrete RHA Superplasticizer
and RHA

(kg) (kg) (kg)
Water 3.44 3.31 3.17
Superplasticizer - 0.14 0.28
Cement 8.99 8.63 8.27
RHA - 0.36 0.72
Coarse Aggregate 12.85 12.85 12.85
Fine Aggregate 17.99 17.99 17.99

The Characteristic Of Self-Compacting Concrete

To assess the fresh properties of SCC, a series of standard workability tests were
conducted on mixes incorporating superplasticizer and RHA. These tests are essential
to ensure that the modified concrete maintains adequate flowability, viscosity, and
passing ability for practical construction applications. Table 3 summarizes the results of
characteristic tests for SCC incorporating 4% and 8% superplasticizer and RHA
variations, evaluated against established specifications. The flow table test measures
SCC’s filling ability, with average spread diameters (Daverage) of 675 mm and 697 mm for
4% and 8% variations, respectively, both within the specification range of 600-800 mm.
The results indicate good flowability, with an improvement in the 8% variation due to
enhanced workability. The V-Funnel test assesses the segregation resistance of SCC

by measuring flow time through the funnel. The recorded times are 8.72 seconds for the
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4% variation and 7.35 seconds for the 8% variation, falling within the acceptable range
of 6-12 seconds. These results confirm that both mixes exhibit adequate viscosity, with
the 8% mix displaying slightly faster flow due to increased superplasticizer content. The
L-Box test evaluates SCC'’s passing ability, with height ratios (H1/Hz2) of 0.85 and 0.84 for
the 4% and 8% variations, respectively. These values meet the standard range of 0.8—
1.0, indicating that both mixes can navigate obstructions without segregation or blocking.
While the slight reduction in the ratio at 8% suggests minor viscosity changes, the mix
remains well within acceptable performance thresholds. Overall, the results demonstrate
that SCC with 4% and 8% superplasticizer and RHA meets key criteria for filling ability,

segregation resistance, and passing ability, ensuring robust performance for practical

applications.
Table 3. SCC characteristic test results
Parameter Test Unit Symbol 40/:lar|a5|8% Specifications
Flow Table mm D+ 680 705
mm D, 670 690
mm Daverage 675 697 60-80 cm
V-Funnel second 8,72 7,35 6-12 second
L-Box mm H1 105 95
mm H., a0 80
- H1/H2 0.85 0.84 0.8-1.0

The Compressive Strength Of Self-Compacting Concrete

This study further examines how variations in superplasticizer and RHA content
affect the mechanical performance of hardened concrete. By analyzing compressive
strength, the research highlights the relationship between fresh concrete properties and
structural outcomes. Table 4 presents the compressive strength characteristics of
concrete incorporating 0%, 4%, and 8% superplasticizer and RHA. These results align
closely with the fresh concrete parameters shown in Table 3, emphasizing how
properties such as filling ability, segregation resistance, and passing ability influence the
hardened concrete’s performance. The average concrete weight decreases with higher
RHA content, from 7.95 kg (0%) to 7.88 kg (4%) and 7.72 kg (8%), due to RHA'’s lower
specific gravity compared to cement. While lighter, the mechanical performance of these

mixtures varies significantly based on the proportions of the additives.

The highest average compressive strength is observed in the 4% RHA and
superplasticizer mixture, reaching 34.02 Mpa, compared to 32.18 Mpa for normal

concrete and 28.51 Mpa for the 8% mixture. This outcome is consistent with the optimal
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flowability and segregation resistance reported in Table 3, where the 4% mix achieves
balanced viscosity and material distribution. In contrast, the 8% mix, despite higher
flowability (average spread of 697 mm), shows a reduction in compressive strength due
to excessive superplasticizer, which may weaken particle bonding. This highlights the
importance of achieving a balance in material proportions to maintain both fresh and

hardened concrete performance.

The compressive strength characteristics 237urtherr confirm that the 4% mixture
surpasses the design strength of 30.53 Mpa, reaching a standardized characteristic
strength of 34.30 Mpa. The 8% mixture, however, falls short at 28.54 Mpa. This
reinforces the critical relationship between the fresh properties in Table 3 and the
mechanical outcomes in Table 4. While higher superplasticizer levels enhance
flowability, an excessive amount can compromise the structural integrity of hardened
concrete. These findings underline the need to carefully optimize SCC mix designs to

achieve the desired balance of fresh and hardened properties.

Table 4. Concrete Compressive Strength Characteristics

Percentage of RHA and
Superplasticizer

Test Result (%) Unit
0 4 8
Average Concrete 7.95 7.88 7.72 Kg
Weight
Average Concrete 32.18 34.02 28.51
Compressive Strength
Concrete Compressive 31.74 34.30 28.54 Mpa
Strength Characteristics
Concrete Compressive 30.53

Strength Plan

Discussion

The findings of this study align with established literature emphasizing the critical
role of material composition in shaping both fresh and hardened properties of self-
compacting concrete (SCC). The notable increase in compressive strength observed in
the 4% rice husk ash (RHA) and superplasticizer mix (34.02 Mpa) underscores the
efficacy of optimal blend ratios in enhancing mechanical performance (Le & Ludwig,
2016; Said et al., 2017). Flowability and segregation resistance—key attributes in SCC
performance—were evident in the 4% mix, validated through favorable V-Funnel and L-
Box outcomes, consistent with Fediuk et al. (2018) and Gill & Siddique (2018). In
contrast, the 8% RHA mix, with a reduced strength of 28.51 Mpa, suggests the
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detrimental impact of excessive superplasticizer, which can impair particle cohesion and

hinder hydration, a phenomenon corroborated by Olowofoyeku et al. (2019).

Additionally, the inclusion of RHA contributed to a noticeable decrease in
concrete density due to its low specific gravity and porous microstructure. The mix weight
reduced from 7.95 kg (control) to 7.88 kg (4% RHA) and 7.72 kg (8% RHA), equating to
a 0.88% and 2.89% weight reduction, respectively. These findings align with previous
studies highlighting how pozzolanic materials like RHA can enhance workability but
reduce density (Chopra et al., 2015; Mehdizadeh et al., 2021; Sandhu & Siddique, 2017).
Although the mixtures do not qualify as structural lightweight concrete—typically defined
by a density under 1840 kg/m3*—they offer potential for semi-lightweight or non-load-

bearing components such as partitions or lightweight panels.

From a sustainability standpoint, incorporating RHA—a renewable agricultural
waste—supports the development of eco-efficient concrete by reducing reliance on
energy-intensive Portland cement, thus lowering carbon emissions (Ahmadi et al., 2007).
When properly dosed, superplasticizers also support sustainability by enabling lower
water-to-cement ratios and resulting in stronger, more durable concrete with extended
service life (Lertwattanaruk et al., 2018). However, overdosing must be avoided due to
possible adverse effects on hydration and environmental concerns. The synergistic
interaction between pozzolanic ash and chemical admixtures, when balanced carefully,
enhances hydration processes and calcium silicate hydrate (C—S—H) formation (Plando
& Magquiling, 2024), ultimately improving performance and promoting green construction

practices.

Conclusion

This study highlights the significant influence of incorporating RHA and
superplasticizers on the performance of SCC. The 4% RHA and superplasticizer mixture
demonstrated an optimal balance, achieving a compressive strength of 34.02 MPa,
surpassing that of normal concrete. This aligns with literature emphasizing the role of
pozzolanic materials and admixtures in enhancing mechanical properties. The mix also
met the required flowability and segregation resistance standards, as indicated by its
favorable V-Funnel and L-Box results. However, the 8% RHA mixture exhibited reduced
compressive strength (28.51 MPa), suggesting that excessive superplasticizer
compromises particle cohesion, consistent with prior studies. Additionally, the lower

density of RHA influenced the concrete's weight, reflecting its lightweight characteristics.
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These findings underscore the importance of precise mix design to achieve the desired
balance of fresh and hardened concrete properties, promoting sustainable and efficient

construction practices.
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