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Abstract: Concrete production heavily relies on cement, whose manufacturing 
significantly contributes to carbon emissions, necessitating alternative materials for 
sustainable construction. This study investigates the effect of varying compositions of rice 
husk ash (RHA) and fly ash on the compressive strength and workability of concrete. Five 
variations of RHA and fly ash ratios (80:20, 75:25, 70:30, 65:35, and 60:40) were tested 
to identify the optimal mixture. The results show that the 60:40 ratio produced the highest 
compressive strength of 16.66 MPa and a slump value of 9.5 cm, indicating enhanced 
workability and mechanical performance. This finding highlights the complementary roles 
of RHA, which contributes to pozzolanic activity, and fly ash, which enhances hydration 
and cementitious properties. Excessive RHA content, however, leads to reduced strength 
due to its lower reactivity. The exponential trend observed in the compressive strength 
characteristics (R² = 0.91) confirms the nonlinear relationship between material 
composition and performance. This research aligns with previous studies demonstrating 
the benefits of using industrial by-products in concrete. The findings underscore the 
potential of combining RHA and fly ash as an eco-friendly solution for high-strength 
concrete, promoting waste utilization and sustainability in the construction industry. Future 
studies should investigate the long-term durability and scalability for industrial 
applications.  
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1. Introduction 

The construction industry is pivotal in global development, yet it is one of 

the largest contributors to environmental degradation (Olii,  et al., 2023). 

Ordinary Portland cement (OPC), essential for concrete, is a major contributor 

to greenhouse gas emissions [2], [3]. Cement production is responsible for 

about 7-8% of global CO₂ emissions, mainly from limestone calcination and 

fossil fuel combustion in kilns [4]. The extraction of raw materials and energy-

intensive processes worsen resource depletion and environmental pollution [5]. 

Rising global demand for infrastructure development has raised concerns about 

the environmental impacts of OPC production, questioning the sustainability of 

traditional construction methods [6], [7]. Researchers and engineers are 

exploring alternative construction materials and methods to reduce the 

environmental impact of cement-based products [8], [9]. A promising solution is 

eco-friendly concrete, which reduces dependence on OPC by using industrial 

by-products and agricultural waste [10]. This approach promotes environmental 

sustainability and improves waste management by repurposing materials that 

would otherwise be thrown away [11]. Among the various innovations in this 

field, geopolymer concrete has emerged as a sustainable alternative to 

traditional concrete [3], [12], [13]. 
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Geopolymer concrete is a binder system that eliminates the need for OPC, utilizing aluminosilicate 

materials activated by alkaline solutions [14], [15]. It is renowned for its lower CO₂ emissions, enhanced 

durability, and resistance to chemical attacks [16]. Fly ash, a by-product from coal combustion in power 

plants is widely researched as a key ingredient in making geopolymers [17], [18]. The limited availability 

of fly ash in some areas and its rising demand have led to the search for alternative materials. Rice husk 

ash (RHA), made from burning rice husks, is valued for its high silica content and pozzolanic properties 

[19]. Using RHA as the main ingredient in geopolymer concrete supports a circular economy by turning 

waste into a valuable building material and lowering environmental impact [20], [21]. Despite the 

promising potential of RHA-based geopolymer concrete, limited research has focused on its performance 

when fly ash is used as a secondary binder. Combining RHA and fly ash in geopolymer concrete creates 

a strong synergy by utilizing RHA's high silica content and the aluminosilicate properties of fly ash [22]. 

This blend has the potential to enhance the mechanical properties, particularly compressive strength, of 

geopolymer concrete. Compressive strength is crucial for structural applications, and knowing how 

precursor combinations affect this property is vital for enhancing geopolymer concrete performance [23]. 

This research focuses on the compressive strength of geopolymer concrete made primarily from 

RHA and supplemented with fly ash. Few studies have examined the combined effects of RHA and fly 

ash on the compressive strength of geopolymer concrete, despite much research on fly ash-based 

geopolymer concrete [23]. This study aims to fill this research gap by examining the influence of 

precursor ratios, alkaline activator concentrations, and curing conditions on the compressive strength of 

RHA-based geopolymer concrete. Furthermore, this research contributes to the broader goals of 

sustainable construction by promoting the utilization of agricultural and industrial by-products. The 

findings aim to help develop high-performance, eco-friendly geopolymer concrete that meets the 

mechanical standards for structural use. This study improves geopolymer technology by using RHA and 

fly ash while tackling environmental issues related to waste management and CO₂ emissions. The 

objectives of this study are twofold: first, to investigate the compressive strength behavior of RHA-based 

geopolymer concrete with varying proportions of fly ash; second, to optimize the mix design for achieving 

maximum compressive strength while maintaining sustainability. This research is expected to benefit the 

construction industry, especially in areas rich in RHA and fly ash. This study enhances our understanding 

of geopolymer concrete's performance, promoting its use as a sustainable alternative to traditional 

cement. 

2. Methods 

This study uses experiments to analyze the properties of coarse and fine aggregates used in making 

geopolymer concrete. Laboratory tests were conducted by relevant Indonesian National Standards (SNI) 

to ensure the quality and suitability of materials. The materials used in this study were sourced from 

specific locations to ensure quality and consistency. RHA was sourced from the Mananggu District in 

Gorontalo, an area renowned for its agricultural products ideal for use as supplementary cementitious 

materials. Fly ash was obtained from the Anggrek Power Plant in Gorontalo, providing a by-product with 

pozzolanic properties. PT provided coarse aggregate. CMP Crusher Plant, ensuring uniformity and 

adherence to standard specifications for construction materials. Fine aggregate was sourced from the 

Bone River, offering natural sand with appropriate grading and cleanliness. These materials were 

selected to achieve optimal performance in concrete production and reflect locally available resources. 

 

2.1. Aggregate Characteristic Tests 

(a) Gradation was performed using sieving methods from SNI 03-1968 (1990) to find the particle 

size distribution of aggregates. (b) Moisture Content was measured according to SNI 03-1971 (1990), 

drying until a constant weight was achieved. (c) Bulk Density was evaluated based on SNI 1973 (2016) 
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by weighing the aggregate in loose and compacted conditions. Specific Gravity and Absorption tests 

were performed according to SNI 1968 (2008) to assess the aggregate's density and water absorption. 

(e) Clay Content was assessed following SNI 03-4428 (1997) to determine the cleanliness of sand from 

clay particles. Abrasion resistance was tested with a Los Angeles machine, per SNI 03-2417 (1991), to 

evaluate the aggregate's durability. 

 

2.2. Tests on RHA and Fly Ash 

(a) Bulk Density tests for RHA and fly ash were conducted according to SNI 1973 (2016), using 

methods to measure both loose and compacted states. (b) Specific Gravity and Absorption 

measurements adhere to SNI 1968 (2008) for determining density and water absorption. Gradation 

involved using a No. 100 sieve (0.15 mm mesh) to filter out only fine and reactive particles for the study. 

2.3. Binder Preparation Method 

The binder for geopolymer concrete was prepared through a series of steps integrating RHA and fly 

ash as primary materials, along with an alkaline activator solution as the binder: (a) Preparation of 

Alkaline Activator Solution involved dissolving NaOH in water at a concentration of 12 M. The NaOH and 

Na₂SiO₃ were mixed at a ratio of 1:2.5 and stirred until fully homogenized using either a mechanical or 

manual mixer. This ratio is widely used in the literature because it provides a balance between alkalinity 

and silica content, supports the formation of strong geopolymer gels, and maintains good workability 

[24], [25], [26], [27], [28]. The aging process required the alkaline solution to sit for 24 hours at room 

temperature to stabilize the initial reactions. (c) Combine RHA, fly ash, and the activator solution 

according to the geopolymer concrete mix design, ensuring a consistent and uniform mixture through 

meticulous mixing. (d) Storage and Readiness ensured the binder was used immediately after 

preparation to prevent premature drying or hardening. 

 

2.4. Making Geopolymer Concrete Samples 

(a) Material preparation includes binder, coarse aggregates, fine aggregates, cement, and water. 

(b) Mix Design follows SNI 7656 (2012) to find the best proportions of binder, aggregates, alkaline 

solution, and water for the required compressive strength. (c) The mixing process starts by blending 

coarse and fine aggregates in a mixer. Then, the prepared binder is added, and water is gradually mixed 

in to adjust the consistency for proper workability. (d) The molding requires lightly greased cylindrical 

molds (15 cm in diameter and 30 cm in height) for easy removal, into which the geopolymer concrete is 

poured. Each layer was compacted using a rod or vibrator to eliminate trapped air. Each mix proportion 

was cast into five cylindrical specimens to ensure consistency and allow for reliable statistical analysis 

of the compressive strength results. (e) A Slump Test was conducted on fresh concrete to assess its 

workability and verify that the mix met the flowability requirements of SNI 1972 (2008). (f) Curing Process, 

following SNI 03-2847-2002, consisting of demolding the specimens after 24 hours, curing them in a 

controlled environment for 24 hours to accelerate polymerization, and then exposing them to normal 

environmental conditions for further curing. (g) Compressive Strength Testing was conducted at specific 

intervals (e.g., 7 or 28 days) to evaluate the performance of the geopolymer concrete specimens using 

a compressive strength testing machine per SNI 03-2847-2002. This study uses systematic methods to 

characterize materials, precisely formulate binders, and reliably produce geopolymer concrete 

specimens, ensuring they meet desired properties and performance standards (Figure 1). 
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3. Result and Discussion 

3.1. Test Results for Coarse, Fine Aggregates, Fly Ash, and RHA 

Table 1 details the physical properties of materials used to create concrete, including fine aggregate, 
coarse aggregate, RHA, and fly ash. These properties are critical for evaluating their suitability for 
producing durable, high-performance concrete. The fineness modulus of the fine and coarse aggregates 
is 2.81 and 8.39, respectively, indicating that lower values correspond to finer particle sizes. The water 
content of fine and coarse aggregates is 3.80% and 1.32%, respectively, affecting workability and mix 
proportions. 

The specific gravity values are 2.87 for fine aggregate, 2.76 for coarse aggregate, 1.25 for RHA, and 
2.11 for fly ash, showing their relative densities. The bulk specific gravity of aggregates is provided for 
both saturated surface dry (SSD) and dry conditions, indicating their volumetric density in water and dry 
states. The absorption capacities of fine and coarse aggregates are 3.84% and 1.52%, respectively. 
These values are important for adjusting mix designs based on their water absorption ability. The bulk 
densities of the materials are: fine aggregate 1.55 kg/l, coarse aggregate 1.70 kg/l, RHA 0.70 kg/l, and 
fly ash 1.18 kg/l, indicating their compactness. The mud content of fine and coarse aggregates is 
relatively low (0.99% and 0.60%), ensuring material cleanliness. The wear and tear percentage of coarse 
aggregate is 22.86%, indicating its durability under mechanical stress, which is crucial for structural use. 
These detailed properties collectively guide the selection of materials to achieve optimal performance in 
concrete. 

 

Figure 2. Geopolymer Concrete Procedure 

Table 1. Characteristics of concrete materials 

Characteristics Fine Aggregate Coarse Aggregate RHA Fly Ash 

Fineness modulus 2.81 8.39 - - 

Water content (%) 3.80 1.32 - - 
Apparent spesific gravity 2.87 2.76 1.25 2.11 
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Bulk specific gravity (SSD basic) 2.69 2.68 - - 

Bulk specific gravity (on dry 
basic) 

2.59 2.64 - - 

Absorption (%) 3.84 1.52 - - 

Density (kg/l) 1.55 1.70 0.70 1.18 

Mud content (%) 0.99 0.60   
Wear and tear (%)  22.86   

3.2. Comparison of concrete material composition based on variations in the proportion of RHA and fly 
ash in the mixture 

Table 2 presents the composition of concrete materials for five variations of RHA and fly ash 

percentages. These variations, expressed as RHA to fly ash ratios based on weight of sample (80:20, 

75:25, 70:30, 65:35, and 60:40), illustrate the proportional changes in binder materials and their effects 

on other concrete components, such as the activator, fine aggregate, and coarse aggregate. In all 

variations, the RHA quantity remains constant at 1.00 (normalized for comparison), while the fly ash 

proportion increases progressively with each variation. At the 80:20 ratio, fly ash is 0.15, and it increases 

steadily to 0.39 in the 60:40 ratio, demonstrating the impact of a higher fly ash percentage in the binder 

composition. 

Table 2. Comparison of Concrete Material Composition 

Variations of RHA 
and Fly Ash 

(%) 
RHA Fly Ash Activator 

Fine 
Aggregate 

Coarse 
Aggregate 

80 : 20 1.00 0.15 0.50 3.55 3.50 
75 : 25 1.00 0.20 0.54 3.33 3.73 
70 : 30 1.00 0.25 0.58 3.10 4.00 
65 : 35 1.00 0.32 0.62 2.88 4.30 
60 : 40 1.00 0.39 0.67 2.66 4.66 

The activator quantity increases correspondingly, from 0.50 in the 80:20 ratio to 0.67 in the 60:40 

ratio. This reflects the greater demand for alkali activator solutions to ensure sufficient geopolymerization 

as fly ash content rises. The fine aggregate proportion decreases as the fly ash ratio increases, starting 

from 3.55 in the 80:20 mix and reducing to 2.66 in the 60:40 mix. Conversely, the coarse aggregate 

proportion shows a complementary increase, ranging from 3.50 in the 80:20 ratio to 4.66 in the 60:40 

ratio. This shift indicates adjustments in the aggregate balance to maintain overall mix consistency. This 

table underscores how varying RHA and fly ash proportions influence the composition of other materials, 

ensuring that the concrete mix maintains optimal workability and structural integrity. 

3.3 Results of Concrete Characteristic Compressive Strength Test 

Table 3 summarizes the compressive strength test results for concrete with varying percentages of 

RHA and fly ash (80:20, 75:25, 70:30, 65:35, and 60:40). The table also includes slump values, average 

compressive strength, and characteristic compressive strength to evaluate the performance of each mix. 

Slump values range from 7.8 cm for the 80:20 mix to 9.5 cm for the 60:40 mix, showing that workability 

increases with more fly ash. This trend suggests that higher fly ash content enhances the concrete's 

flowability. The average compressive strength shows a significant increase as the fly ash percentage 

grows. Starting at 6.25 MPa in the 80:20 ratio, the strength gradually rises to 16.87 MPa in the 60:40 

ratio. Similarly, the characteristic compressive strength improves from 5.87 MPa in the 80:20 mix to 16.66 

MPa in the 60:40 mix. The data demonstrate that increasing fly ash content, up to 40%, contributes 

positively to the mechanical strength of the concrete. The 65:35 and 60:40 variations stand out with 

notably higher compressive strength values, exceeding 15 MPa. The results show that using RHA and 



JSIL | Olii, et al.: Compressive Strength Performance of Rice Husk Ash-Based Geopolymer Concrete with Fly Ash as a Secondary Material 264 
 

 264 

fly ash together as cement additives improves the polymerization process and overall strength when 

used in the right proportions. This table highlights the significance of material proportions in obtaining 

desired mechanical properties, guiding the selection of RHA and fly ash ratios for concrete mixes in 

structural applications. 

Table 3. Results of Concrete Characteristic Compressive Strength Test 

Variations of 
RHA and Fly 

Ash 
(%) 

Slump 
(cm) 

Average Compressive 
Strength 

(MPa) 

Compressive Strength 
Characteristics 

(MPa) 

80 : 20 7.8 6.25 5.87 
75 : 25 8.3 7.78 7.24 
70 : 30 8.6 8.80 8.70 
65 : 35 9.2 15.85 15.83 
60 : 40 9.5 16.87 16.66 

Figure 2 depicts the relationship between compressive strength characteristics (MPa) and the 

variations in the ratio of RHA to fly ash (%). The exponential trendline, expressed as y = 552.02e−0.05x 

with a coefficient of determination (R2 = 0.91), demonstrates a strong inverse correlation. The 

compressive strength significantly improves as the proportion of fly ash increases relative to RHA. The 

highest compressive strength is observed at the 60:40 ratio, with a characteristic strength of 

approximately 16.66 MPa. Conversely, higher RHA proportions (e.g., 80:20 ratio) result in lower 

compressive strength values, around 5.87 MPa. The graph highlights the importance of balancing RHA 

and fly ash ratios to optimize concrete compressive strength. The strong R2 value indicates that the 

exponential model effectively represents the observed data, suggesting that fly ash is critical in 

enhancing concrete properties. 

The study results highlight the influence of varying RHA and fly ash compositions on the 

compressive strength and workability of concrete. As shown in the data, a higher proportion of fly ash 

relative to RHA significantly improves both the compressive strength and slump values of concrete. At 

an 80:20 ratio of RHA to fly ash, the compressive strength is the lowest (5.87 MPa), and the slump is 

relatively low (7.8 cm). In contrast, the 60:40 ratio yields the highest compressive strength (16.66 MPa) 

and slump value (9.5 cm). This trend aligns with previous findings that fly ash enhances the hydration 

process and reduces voids within the concrete matrix, contributing to higher strength and better 

workability. The relationship between compressive strength and the RHA-fly ash ratio follows an 

exponential trend, with a high correlation coefficient (R2 = 0.91). 
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Figure 2. The relationship between compressive strength characteristics (MPa) and the variations in 
the ratio of RHA to fly ash (%) 

This demonstrates the critical role of fly ash as a supplementary cementitious material in optimizing 

concrete properties. Excessive RHA, despite its pozzolanic properties, leads to diminished strength due 

to its high porosity and lower reactivity compared to fly ash. These findings corroborate earlier studies, 

such as those by [29], [30], [31], which emphasize the importance of balancing pozzolanic materials for 

enhanced durability and strength. The slump test results further support the hypothesis that fly ash 

improves workability due to its spherical particle shape, which reduces internal friction. This is crucial for 

practical applications, ensuring ease of placement and compaction without compromising structural 

performance. 

4. Conclusion 

This study explores how different amounts of RHA and fly ash affect the compressive strength and 

workability of concrete. The results show that the optimal RHA-to-fly ash ratio is 60:40, achieving the 

highest compressive strength of 16.66 MPa and a slump value of 9.5 cm, indicating improved strength 

and workability. Fly ash plays a crucial role in improving hydration and cementitious reactions, while RHA 

offers valuable pozzolanic properties. However, excessive RHA reduces compressive strength due to its 

lower reactivity. These findings align with previous studies that emphasize the synergistic effects of 

combining pozzolanic materials for sustainable concrete production. This study suggests that using the 

right amounts of RHA and fly ash improves concrete performance and helps recycle waste materials, 

reducing environmental impact. This approach can be applied to develop sustainable, high-strength 

concrete for various structural applications in modern construction. 
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