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Abstract. Concrete material made from natural waste was developed to balance the use of concrete materials resulting 
from natural exploration with an impact on environmental damage, rice husk is a waste material from rice mills and 
contains reactive silica and has the benefit of reducing energy consumption in cement production. Laboratory test 
method in the form of testing the compressive characteristics used standard cube concrete 150 mm x 150 mm x 150 
mm with a total sample of 24 samples. The effect of concrete strength on the amount of cement replacement is 0%; 
5%; 10% ; and 15% which could be compared with concrete without using husk ash. The compressive strength obtained 
in terms of the age of the concrete is 28 days. The mechanical properties of husk ash at the age of 28 days gave optimal 
compressive strength results with the addition of 5% husk ash.  
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INTRODUCTION 
 

 Kutai Kartanegara Regency has an area of 27,263.10 km2 located between 115o26' - 117o36' east longitude and 
1o28' north longitude and 1o08' south longitude [1]. The husk ash is the result of rice milling located in Mahulu 
Village, Tenggarong District. The construction industry has contributed significantly to various pollution 
problems. This is because cement manufacturing has been reported to be a major source of dust, toxins, and carbon 
dioxide emissions, which are significant contributors to greenhouse gases [2]. 
 Cement is the most widely used construction material worldwide. Nevertheless, the cement industry faces 
environmental and energy challenges, including generating 5% and 10% of the world's total anthropogenic CO2 
emissions [3], which has been growing at an alarming rate with the growth of the human population and the 
unprecedented industrialization revolution. Therefore, researchers and manufacturers are focusing on 
environmentally friendly concrete materials and their application in structures in order to lessen environmental 
stress and the depletion of natural resources. This is done by mixing recycled elements into concrete. [4]. 
 Because of its changing quality due to its high carbon content and partial presence of SiO2 in the crystalline 
phase, rice husk ash is still rarely used in the concrete industry, despite growing awareness of the environmental 
harm caused by the high production of regular portland cement (non-reactive) [5]. Rice husk ash contains 80-85% 
silica which is highly reactive, depending on temperature [6]. The moisture content of RHA ranges from 8.68 to 
10.44%, and the bulk density ranges from 86-114 kg/m3 [7]. 
 Concrete is still the main construction material worldwide and to face the challenge of early structural damage, 
the durability of concrete must be ensured [8]. Concrete is an appropriate mixture of cement, fine aggregate, coarse 
aggregate and water. Additives (minerals and/or chemicals) are sometimes incorporated into concrete to improve 
some of the characteristics of fresh and/or hardened concrete, and the mixing process. Hardening of concrete 
occurs because of the chemical reaction between water and cement that lasts a long time and contributes to the 
strength of concrete with treatment and age [9]. The current average concrete production is 4.4 billion tons per 
year. It is expected to increase by 5.5 billion tonnes by 2050 to accommodate the needs of the world's growing 
population [10]. 
 Alwan et.al. (2022) in a study stated the addition of rice husk ash in different ratios (0%, 7%, and 14%) as a 
substitute for ordinary Portland cement with different water-cement ratios (0.3, 0.5, and 0.7) and treatment in water 
for various periods (10, 20, and 30 days) on both the durability and strength of the concrete and its corrosion was 
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investigated that adding finer (not wider) RHA particles increased the flexural, compressive and tensile strength 
values and limited ion penetration. chloride over time [11]. 
 Vieira et.al. (2020) in a study stated that the evolution of the compressive strength of high-strength concrete 
with rice husk ash (RHA) was evaluated as a function of RHA particle size, porous structure and substitute content. 
The porous structure of RHA was investigated with an N2 absorption isotherm and its effect on hydration was 
evaluated using isothermal calorimetry and thermogravimetry. The results showed that the particle size of RHA 
affected the compressive strength until the age of 28 days, while at the age of 91 days the substitute content became 
a significant factor. [12]. 
 Nana et.al (2021) research results show that The volcanic ash content and rice husk ash content have a 
significant impact on the mechanical strength and physical qualities, with rice husk ash having the best mechanical 
strength (19.3 and 60.73 MPa for flexural and compressive strength), obtained with a composite sample containing 
20% by weight of volcanic ash and 10% by weight of rice husk ash. Because the presence of additives that increase 
the compactness and microstructure of the obtained geopolymer matrix and the increase in the SiO2/Al2O3 ratio 
with the addition of rice husk ash [13]. 
 Research on the characteristics of concrete mixed with rice husk ash, with percentages of 5, 10, and 15% 
increasing the compressive strength of concrete, the addition of 5% husk ash has a more optimal compressive 
strength than rice husk ash with percentages of 10 and 15%. In this paper, the characteristics of concrete with the 
addition of rice husk ash with a compressive strength review of 28 days were analyzed in this study.  
   
 

MATERIAL AND RESEARCH METHODS 
 
Material 
 
 To achieve increased performance, durability and quality, the materials used in concrete must be tested 
according to standards [14]. The materials used in this study consisted of cement, coarse aggregate, sand sourced 
from Palu, Central Sulawesi, and local rice husk ash from Mahulu Village, Tenggarong District, Kutai Kertanegara 
Regency. The use of coarse aggregate and sand in concrete needs to be tested for the physical properties of these 
materials to contribute to the compressive strength of concrete. The results of the examination of the physical 
properties of crushed stone and sand can be seen in Table 1. 
 

TABLE 1. Aggregate test result  

parameter 
result 

terms method 
coarse aggregate sand 

specific gravity 
2,767  

. 2,5 
SNI 1969-2008 

 2,644 SNI 1970-2008 

absoption 
1,647  max. 3 % SNI 1969-2008 

 1,750 max. 2 % SNI 1970-2008 

unit weight 
1,55   

SNI 03 4804 1998 
 1,67  

water content 
0,778   

SNI 03 1971 1990 
 1,165  

mud content 
1,737  max. 1 % SNI 03 1971 1990 

 1,087 max. 5 % SNI 03 2816 1992 
abrasion 25,40  max. 27 % SNI 2417 2008 
  - - - 

 
 
Combined Aggregate Grading 
 
 Optimized aggregate grading can reduce the cement content by a significant amount which is the most valuable 
part of concrete [15]. Gradation or particle size distribution of sand affects concrete properties such as density, 
void content, workability and strength [16]. The particle size distribution for the product of each test was measured 
incorporating manual sieving for the material [17]. Aggregate is an important component of concrete, and its 
characteristics have an important influence on the performance of fresh and hardened concrete, such as particle 
size, shape and gradation. [18]. The combined gradation of aggregates will determine the value of the fine modulus 
of sand grains and fine modulus of crushed stone, the result of the fine modulus values will be obtained as a 
percentage of the volume of sand and coarse aggregate for the concrete mixture. The results of the combined 
aggregate gradation can be seen in Figure 1. 
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FIGURE 1. Aggregate combined gradation 

 
Calculation of grain modulus using Equation 1. 
 
Wh : Wk = [mk – mc] : [mc – mh] .....................................................................................................................(1) 

 
Wh = weight of fine aggregate, Wk = weight of coarse aggregate, mk = fine modulus of coarse aggregate grain, 
mc = fine modulus of mixed aggregate, mh = fine modulus of sand.   
 
Rice Husk Ash 
 
 Rice husk is the hardest layer which includes karyopsis which consists of two parts called lemma and palea 
which are interlocked and in the milling process 20 - 30% husk is obtained, rice husk ash has a high silica content 
so that it can be classified as a material that has good pozzolanic properties. Rice husk ash began to be used because 
of environmental pollution and sustainability factors, generally an agricultural by-product obtained from burning 
rice husk ash under a controlled temperature of 800 C, which is 85% to 90% amorphous silica plus about 5% 
alumina together with the ash as 25 %. Because RHA is more absorbent, RHA concrete requires more water 
consistency. By incorporating rice husk ash into the concrete, the concrete becomes environmentally friendly [19]. 
The chemical composition of rice husk ash can be seen in Table 2. 
 

TABLE 2. Chemical composition of rice husk ash 

composition SiO2 Al2O3 Fe2O3 CaO MgO SO3 Na2O K2O LOI 

rice husk ash 94,20 1,15 1,85 0,76 0,35 0,04 0,13 1,65 0,76 

 
The physical properties of rice husk ash can be seen in Table 3. 
 

TABLE 3. Physical properties of rice husk ash 

material specific gravity 

rice husk ash 2,07 

 
Cement 
 
 Cement is an adhesive substance in concrete through a combination of chemical processes, dry powder and 
serves as an adhesive when reacting with water will provide strength to the structure that produces hardness in 
addition to being a strong binding medium for aggregates in concrete. Pozzolans are silica and alumina materials 
that react with calcium hydroxide [Ca(OH)2] in the presence of water to produce a hardened structure with 
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excellent mechanical properties [20]. The cement used is type 1 Portland Cement which is generally used in the 
manufacture of concrete. The chemical composition of cement can be seen in Table 4. 
 

TABLE 4. Chemical composition of cement 

composition SiO2 Al2O3 Fe2O3 CaO MgO SO3 Na2O K2O LOI 

cement 14,88 3,84 3,07 60,76 0,85 2,35 0,13 0,35 13,2 

 
The physical properties of type 1 OPC cement can be seen in Table 5. 
 

TABLE 5. Cement properties 

material specific gravity 

cement 2,05 

 
Concrete Sample Preparation 
 
 Sample preparation prior to the compressive strength test. For testing the number of samples carried out in the 
study of 120 cube samples (150 mm x 150 mm x 150 mm), the percentage of husk ash was 0%; 5%; 10% and 
15%, the number of 24 cube samples by reviewing the compressive strength of 28 days. The purpose of 
experimental measurements is to determine the effect of the number of core samples on the quality of the data 
obtained [21]. The number of samples can be seen in Table 6. 
 

TABLE 6. Number of cube samples 

rice husk ash 
(%) 

age 
28 days 

total 
sample 

0 6 

24 
5 6 
10 6 
15 6 

 
Compressive Strength Plan 
 
 Compressive strength is one of the most important properties in designing structures and assessing the quality 
of concrete. The compressive strength of concrete is usually determined from a uniaxial compression test. This 
type of loading test can be carried out on concrete specimens of different shapes (eg cylinders or cubes) with 
several recommended sizes [22]. Concrete is a complex engineering material with different materials and design 
variables. Therefore, an accurate prediction of the compressive strength of concrete must consider its nonlinearity 
[23]. The compressive strength of the concrete cube to be achieved is based on the design results of 24.5 MPa or 
250 Kg/cm2. Testing the compressive strength of concrete was carried out to determine the effect of adding rice 
husk ash with varying percentages. 
 
Preparation of Mixtures and Proportions 
 
 To prepare samples [24]. Mix proportion (step 1) is the process of weighing determined amount of dry matter 
[25]. All coarse aggregate, sand, dry cement and rice husk ash were pre-mixed in a laboratory mixer for 8 minutes. 
The ratio of the concrete composition 1 ; 1,6 ; 4.3. The water-cement ratio [26], was 0.63 and remained constant 
for all mixtures. The slump is between 60-180 mm, the gradation is in the form of aggregate grain distribution in 
percentage units, coarse aggregate material passes through 20 mm size sieve, and the sand passes through 4.75 
mm sieve [27], according to the mix design. After mixing the concrete, it is carried out in stages maximizing the 
workability of the concrete [28]. The proportion of concrete mixture is an important parameter to determine the 
water absorption ability of concrete. The role of each individual component determines the feasibility of the 
process [29]. 
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RESULT AND DISCUSSION 
 
Grain Fine Modulus 
 
 The fine grain modulus is an index value used to measure the fineness or coarseness of the concrete grains, the 
fine grain modulus is described as the cumulative percentage of concrete grains retained on the sieve and divided 
by one hundred. The results of the combined gradation analysis of the fine modulus of the sand grains are 3.275 
and the coarse aggregate fine modulus is 7.063. The fine modulus of the mixed granules is 6.05 so that the weight 
percentage of sand to coarse aggregate is 36.50%. The results of fine modulus of crushed stone and sand can be 
seen in Table 7. 
 

TABLE 7. Fine modulus of concrete granules 

sieve 
 (mm) 

coarse aggregate sand 

hold  
(%) 

cumulative 
hold 
 (%) 

hold 
(%) 

cumulative 
hold 
(%) 

40 0,00 0,00 0,00 0,00 
20 31,34 31,34 0,00 0,00 
10 55,07 86,41 0,00 0,00 
4,8 8,70 95,10 9,83 9,83 
2,4 2,53 97,64 16,07 25,90 
1,2 0,63 98,27 22,45 48,35 
0,6 0,40 98,68 18,78 67,13 
0,3 0,35 99,02 11,74 78,87 

0,15 0,81 99,83 18,56 97,43 
residu 0,17 - 2,57 - 
amount 100 706,28 100 327,51 

 
Mixed Design 
 
 The mix design aims to get the weight of each concrete material consisted of cement, coarse aggregate, sand, 
water, and rice husk ash. The control mixture only contained Portland cement, natural aggregate and drinking 
water which was called PC (Control Mixture) [30]. The effect of the proportion of cement paste mixing on the 
compressive strength is very large [31]. Concrete mix design is usually carried out according to standard 
procedures specified in codes developed by recognized institutions such as the Building Research Institute [32]. 
The composition of the concrete mixture according to the Indonesian National Standard procedure can be seen in 
Table 8. 
 

TABLE 8. Composition of concrete mix (m3) 

material 
rice husk ash persentage 

0 % 5 % 10 % 15 % 
cement 321,85 kg 305,78 kg 289,67 kg 273,56 kg 
rice husk ash 0,00 kg 16,09 kg 32,19 kg 48,28 kg 
sand 513,29 kg 
coarse aggregate 1387,80 kg 
water 202,76 liter 
Proportion 1 ; 1,59 ; 4,31 1 ; 1,67 ; 4,53   1 ; 1,77 ; 4,79 1 ; 1,87 ; 5,07 

 
Compressive Strength 
 
 The test results obtained from the compressive strength for all concrete mixtures are represented graphically 
[33]. Compressive strength characterizes concrete according to its properties of structural use. Knowledge of the 
compressive strength of concrete is very important when any material is used to replace raw materials [34]. The 
water cement factor has an influence on the compressive strength of 28 days. The compressive strength of normal 
concrete [35] or 0% rice husk ash is 8.18% lower than the compressive strength of concrete with the addition of 
5% rice husk ash. The compressive strength of concrete with 10% rice husk ash decreased by 8.97% against the 
compressive strength of 0% husk ash and the compressive strength of 15% of rice husk ash decreased by 9.46 % 
against the compressive strength of 0% husk ash. The results of the compressive strength can be seen in Figure 2. 
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FIGURE 2. Compressive strength 

 
Unit Weight 
 
 Unit weight was used to evaluate the concrete mix with 0%; 5%; 10% ; 15% rice husk ash. The unit weight of 
the concrete mixture was determined after 28 days of immersion by measuring the weight and volume of the test 
object. Automatic scales were used to measure weight while the dimensions of the test object measured using a 
caliper [36]. The results of the unit weight of concrete can be seen in Figure 3. 
 

 
FIGURE 3. Unit weight of concrete 

 
 

CONCLUSION 
 
 The characteristics of the addition of 5% husk ash concrete have a better compressive strength compared to the 
percentage of husk ash 10 and 15%. Within 28 days, there was an increase in compressive strength of 8.18% with 
the addition of 5% husk ash, a decrease in compressive strength of 8.97% with the addition of 10% husk ash. and 
a decrease in compressive strength of 9.46% with the addition of 15% husk ash. Overall, the use of rice husk ash 
with a percentage of 5%; 10% ; and 15% of the planned compressive strength of 24.5 MPa or 250 Kg/cm2 is 
achieved. This is influenced by the water-cement factor and the increase in the SiO2/Al2O3 ratio with the addition 
of rice husk ash, and the use of water-cement factor of 0.63 and 5% husk ash has a stronger ratio. Rice husk ash 
shows effective pozzolanic behavior due to its high silica content. 
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