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Abstract. The optimization of wasted materials, especially local fly ash, provides space to be used as a construction material with the potential to partially replace cement without reducing the mechanical strength of concrete bricks to a proportion of 20%. Using waste materials like fly ash will provide economic value, environmental sustainability, and strength and durability. A mixture of local sand, PCC cement, and fly ash material is 0%, 5%, 10%, 15%, and 20%. Concrete bricks or commonly called paving blocks are products with sand, water, and cement compositions, as well as waste materials, the installation and maintenance of concrete bricks is very easy and can be formed with various variations that provide aesthetic aspects, the mechanical parameters of concrete bricks are 3, 14, and 28 days old compressive strength tests with a total of 75 samples with a quality classification D. Weight ratio 1:4 cement,  sand and cement water 0.58. The weight of the cement determines the amount of fly ash. The performance of fly ash waste-substitution concrete bricks by 10% produced a quality of 11,674 MPa in 28 days. 
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INTRODUCTION
Optimization of wasted materials, primarily fly ash, provides space to be used as construction materials that are environmentally friendly and have the potential to partially replace cement without reducing the mechanical strength of concrete bricks to a proportion of 20% and increasing the use of waste material substitution will reduce carbon levels and reduce raw material costs. The variation of concrete brick shapes has aesthetic aspects that can be modeled according to a unique, attractive, and culturally appropriate design in each region. Concrete bricks have the composition of portland cement, fine aggregate, and water with or without additives, which does not reduce the quality of concrete bricks [1]. The classification of concrete bricks has four parts, namely, intended for roads, parking, pedestrians, and parks. As a construction component, concrete bricks develop well according to needs, like house walls and other construction components.
Precast concrete bricks are used for pedestrian sidewalk construction, vehicle traffic, bus stops, public refueling stations, and vehicle parking [2]. Concrete brick structures for pavements are formed diagonally to produce a strong construction [3], thus providing the ability to withstand high shear and compressive forces supported by sub-grade foundation structures. The compaction process of precast concrete bricks uses vibro equipment with high pressure of 75 kg/cm2 and vibration of 25-50 Hz [4], so that it will produce good compaction against low water ratio binding.
Concrete bricks can be combined with some wasted materials into composite structures [5], often used for rehabilitation. The production of concrete bricks has developed into an industrialized process, so that the certainty of accuracy will be consistent. Many researchers propose using waste materials to produce concrete bricks to preserve nature and reduce waste [6]. The addition of fly ash to the composition of concrete bricks aims to reduce the amount of cement, which has implications for the environment, including the physical and mechanical properties of concrete bricks.
The production of concrete bricks with high volume certainly has implications for the use of cement [7]. So that the use of wasted materials will provide enough space for the development of concrete as a cement substitute. Waste materials are increased when using standard concrete mixtures [8], so if used in concrete brick mixtures, it is very possible and adequate, considering that waste materials have the potential to be used as construction materials.
Concrete mixtures have a mechanism for increasing their strength until they reach a drying period of 28 days [9]; these conditions resemble the mechanism contained in concrete brick mixtures. The virtues of concrete bricks can produce aesthetics for environmental design and become an alternative building material, and ground surface cover [10], with good water absorption ability so that it can maintain the stability of groundwater, ensure the availability of water for environmental sustainability, and is relatively lightweight.
Non-toxic and hazardous wastes, such as fly ash that originates from the coal combustion process in steam power plants and technological activities that produce fly ash with a volume of 80%, if used as a construction material, need to pay attention to binding regulations so that the use of fly ash will not have an impact on health and the environment [11]. The use of non-toxic and hazardous waste as a special raw material, such as fly ash [12], has become a trend and is being developed, considering that fly ash has a composition that resembles the mineral composition of cement.
Fly ash is classified as a fine-grained material left over from industrial waste from power plants, contains chemical elements in the form of silica, alumina [13, 14], as well as iron oxide and other additives and is grayish in color [15], and fly ash produced from steam power plants does not contain harmful and environmentally friendly elements [16, 17]. It does not exceed the parameters of the Toxicity Reference Value – TRV,  and can be classified as waste, but not a category of toxic and hazardous materials.
Type N fly ash is calcined from natural pozzolan such as diatomite, shales, tassels, and pumice, and type F fly ash is the result of burning anthracite type coal at a temperature of around 1560 oC. Meanwhile, type C fly ash results from burning lignite or coal with a carbon content of around 60%. The characteristics of fly ash are greatly influenced by the combustion process and high temperature [18], and have a grain size between 1 m and 150 m [19], and include the widely researched cement mixture additives [20]. Some studies have shown that fly ash can benefit the construction industry [21].
Opiso et al. [22] used fly ash to increase the strength of portland cement; the test results showed that the addition of fly ash binder produced sufficient strength with a 10% cement reduction, and the compressive strength test results of samples in the field met the requirements of pavement standards. Awolusi et al. [23] researched the use of binding additives in the design of concrete bricks for interrelated road construction to sustainably encourage the use of binding additives. The research results using Taguchi's approach obtained an optimal composition of 5% lime powder, 5% excavated powder, and 10% calcite. Olofinnade et al., [24] conducted research by utilizing steel slag waste with the use as a substitute for sand in making paving blocks or concrete bricks with a percentage of 0, 20, 40, 60, 80, up to 100%, with a mixture ratio of 1: 1.5: 3 in the form of cement, sand, and granite with a compressive strength plan of 20 MPa at the age of 28 days. Indriyantho et al. [25] researched fly ash waste as a composition of geopolymer concrete mixture to reduce cement and know its properties, including comparing with conventional concrete. The results of the geopolymer concrete research ratio 70:30 against binder produce a higher compressive strength 50% to 67% higher than conventional concrete.
Zou et al. [26] conducted a study using fly ash as a substitute for cement. The study's results stated that long-time curing increases the compressive strength of concrete, but the rate of increasing strength is reduced, which can reduce the cost of using cement. Using 16% fly ash can suppress the formation of cavity structures and improve the sample's mechanical properties. Kumar et al. [27] developed research on making paving blocks using red mud and fly ash with geopolymers. Mixing red mud with a composition of 10% and 20% and concentrations of NaOH, Al2O3, and SiO2 resulted in a compact microstructure, and long-term resilience still needs to be developed. Mahdi et al., [28] conducted a study to determine the strength and durability of geopolymer paving blocks with the composition of fly ash and rice husk ash, with the same mixture composition resulting in significantly increased tensile strength and flexural strength and the strength of geopolymer paving blocks superior to conventional paving blocks.
The composition of brick making consists of fine aggregate, industrial waste, i.e., fly ash, Ordinary Portland Cement – OPC cement, water, combined with a standard mechanism, and produces concrete brick samples. In contrast, the physical shape of concrete brick is tested to determine its physical characteristics and compare it with the design quality of concrete brick. The process of making concrete bricks is carried out in several stages, including testing the constituent materials and analyzing the composition of the mixture with a ratio of 1 to 4, while the cement water ratio is 0.58. After going through several testing processes and mixture analysis based on the plan, samples were made with 75 pieces. They maintained according to the plan's age until entering the mechanical concrete brick strength test stage.
The use of fly ash as a cement equivalent binder additive material with variations of 0%, 5%, 10%, 15%, to 20% in making concrete bricks has the aim of knowing the characteristics of compressive strength at the age of 3, 14, and 28 days with quality classification D, and its usefulness as a construction material for the short term, and long term. Manufacturing concrete bricks using industrial by-products aims to produce sustainable concrete bricks, contributing to the reduction of cement for materials and the environment. 
Characteristics of Fine Aggregate
The use of fine aggregate for concrete brick mixture needs to know its characteristics through laboratory examination and material volume composition analysis, fine aggregate used in concrete brick mixture has a grain size that is reviewed based on the gradation of sieve analysis according to standards [29], the determination of other characteristics, such as specific gravity, absorption, fill weight, moisture content, sludge content – clay, tested according to applicable standards in Indonesia, in the process of making fine aggregate concrete bricks into materials with a dominant composition in concrete brick structures, especially in mud content must not exceed the requirements stated in [30] so that the fine aggregate characteristics will affect the quality of concrete bricks. The fine aggregate material used to make concrete bricks is local and sourced from the bottom of the Mahakam River. Test results can be seen in Table 1.
TABLE 1. Fine aggregate testing
	Parameter
	Result
	Condition
	Methods

	Sieve analysis
	-
	-
	SNI ASTM C136; 2012

	Specific gravity
	2,62
	 2,50
	 SNI 1970 2008

	Absorption
	2,25
	 3,0 %
	SNI 1970 2008

	Water content
	1,25
	3 – 5 %
	SNI 03 1971 1990

	Unit weight
	1,40
	-
	SNI 03 4804 1998

	Silt and clay content
	1,50
	< 5 %
	SNI 03 2816 1992

	Fine modulus of grains
	2,81
	1,5 – 3,8 
	SNI 03-1968-1990


Characteristics of Fly Ash
	The use of fly ash as a concrete composition will provide space for the sustainability of construction, so that the role as a substitute for industrial waste products is very possible to be used, considering that the chemical element of fly ash resembles the pozollan element in cement, and as an additional binder will certainly affect fresh concrete, workability, and mechanics of concrete bricks. Fly ash has a heterogeneous material composition with a round shape ranging from 1 m to 150 m, visually fly ash has a grayish color, and calcined fly ash standardization has additional physical requirements in the form of consistent air bubbles. Significantly, adding fly ash improves polymerization and creates polymer gel formation, providing high density and minimizing pores [31]. Fly ash concrete bricks have a class C classification. The characteristics of fly ash need to be known because they relate to recycling and its benefits. However, as an industrial waste material with advantages, it still needs to be watched out for as waste that can impact the environment and health, as shown in Table 2.
TABLE 2. Fly ash testing
	Parameter
	Result
	Condition
	Methods

	Specific gravity
	2,50
	 2,50
	 SNI 1970 2008

	Absorption
	0,013
	 3,0 %
	SNI 1970 2008

	Water content
	0,55
	 3,0 %
	SNI 03 1971 1990

	Unit weight
	1,20
	-
	SNI 03 4804 1998


Chemical Composition of Type C Fly Ash
	Class C fly ash has pozzolanic and cementitious properties. It has calcium (CaO) levels 10% higher than class N and F fly ash, so it is called fly ash with high calcium, and the ability of fractions exceeds 500 μm. The chemical properties of fly ash are influenced by the type of coal, the combustion process, the pattern used including equipment, and depending on the composition including the particle size of coal origin, overall fly ash has cement-like properties, so it will provide a solution to suppress global temperature rise due to the release of carbon dioxide - CO2 in cement production and the composition of concrete mixture with industrial waste products while ensuring environmentally friendly concrete output and Sustainable. For chemical properties analysis, fly ash is analyzed using X-Ray Diffraction to identify the crystal phase quality of fly ash, and Scanning Electron Microscope – Energy Dispersive X-Ray to determine the amorphous phase composition of fly ash. The specification of the concrete mixture with fly ash refers to the standards outlined in [32]—chemical test results in Table 3.

TABLE 3. Chemical composition
	Chemical elements
	SiO2
	Fe2O3
	Al2O3
	K2O
	MgO
	CaO
	Na2O
	SO3
	LOI

	Composition (%)
	63,3
	6,26
	22,4
	0,33
	1,19
	1,97
	0,66
	0,36
	2,04


CHEMICAL COMPOSITION OF OPC CEMENT
Ordinary Portland Cement – OPC is an adhesive from clinker processing containing elements lime - CaO, silicate - SiO2, alumina - AL2O3, iron - Fe2O3. Ordinary Portland cement is a type of cement that has an additional composition of industrial side binders such as fly ash, silica, slag, and metakaolin [33], so that its impact on the environment can be minimized, and its mineral content can increase initial strength and resistance properties. Pozzolan reaction using binder additives will effectively reduce the potential for carbon sequestration in Portland cement production; the carbon sequestration results will react with stored CH to produce CSH according to the cement reaction mechanism. The mechanical properties and durability of the Ordinary Portland Cement binder have the same behavior as the types of Portland Pozzolan Cement - PPC and Portland Composite Cement - PCC. The depreciation value of concrete with the composition of Ordinary Portland Cement is smaller than that of Portland Pozzolan Cement and Portland Composite Cement—specific gravity of Ordinary Portland Cement 3.1 and content weight 1.29. The results of the examination of elements and chemical composition are in Table 4.
TABLE 4. Chemical composition
	Chemical elements
	SiO2
	Fe2O3
	Al2O3
	K2O
	MgO
	CaO
	Na2O
	SO3
	LOI

	Composition (%)
	20,48
	4,11
	5,82
	0,44
	1,36
	63,56
	0,21
	1,68
	1,36


RESEARCH METHODOLOGY
The method of adding fly ash to concrete bricks is based on the principle of making concrete, but proper control of the composition of the mixture is required. The analysis process is carried out by calculation to obtain the composition of the concrete brick mixture, the proportion of the mixture is carried out after the sieve analysis stage is known [34], and the proportion of high amounts has the potential to reduce the initial strength of the concrete bricks, and the determination of the concrete brick quality plan until the design refers to the standard. The amount of material volume calculation uses a weight ratio of 1 to 4, while the cement water ratio is 0.58. The addition of fly ash can be seen from the cement weight. Weight comparison analysis reviews the material's physical properties, such as specific gravity and material content, considering that these parameters are the sum of factors to obtain the total concrete brick mixture material volume in 1 m3. Concrete bricks are produced in unsaturated conditions, affecting hydration and strength. The ideal mixing temperature ranges from 20 – 25 oC to control hydration too quickly, and concrete mixtures with the addition of fly ash binders have the advantage of increasing compressive strength, which varies between 2 – 26 percent [35]. After homogeneity, the dry mixing process is carried out for 2 – 3 minutes to ensure the fly ash does not clump. In general, ensure that fly ash reacts optimally with cement to improve the quality of concrete bricks. The composition of the mixture is in Table 5.
TABLE 5. Composition of 1m3 concrete brick mixture
	Material
	Fly ash proportion

	
	0 %
	5 %
	10% 
	15 %
	20 %

	Cement
	464,31 kg
	460,03 kg
	455,84 kg
	451,72 kg
	447,68 kg

	Fine aggregate
	1520,33 kg
	1506,34 kg
	1492,61 kg
	1479,12 kg
	1465,88 kg

	Water
	269,95 liter
	267,47 liter
	265,02 liter
	262,63 liter
	260,28 liter

	Fly ash
	0,00 kg
	23,00 kg
	45,58 kg
	67,76 kg
	89,54 kg

	Comparison
	1; 3,87; 1,80; 0,00
	1; 3,87; 1,80; 0,06
	1; 3,87; 1,80; 0,12
	1; 3,87; 1,80; 0,19
	1; 3,87; 1,80; 0,25



As an object of research, it is considered to be able to provide information data about the mechanical properties of concrete bricks with the composition of the materials used, and as part of the test parameters, including temperature and humidity controlled in the manufacturing and treatment process of around 20 – 25 oC. The results of the sample test will be able to provide conclusions that can confirm the potential use of local materials, the methods used, and the quality of the research. The Indonesian National Standard includes testing requirements for cube concrete brick test samples, and in the research process, the sample making is printed manually. The sample size is a 100 x 200 x 80 mm rectangle with a total of 75 pieces, whose planned lifespan is 3, 14, and 28 days. Curing occurs until the pozzolan reaction enters the compressive strength testing period for processing. The potential of fly ash has excellent benefits, but there are still challenges in the form of a lack of standard specifications and variations in the properties of preserved samples. Experiments on using local materials and industrial waste in construction materials [36] will explore and achieve construction sustainability. Design the sample count in Table 6.
TABLE 6. Sample
	Age (days)
	Fly ash proportion
	Total

	
	0 %
	5 %
	10 %
	15 %
	20 %
	

	3
	5
	5
	5
	5
	5
	25

	14
	5
	5
	5
	5
	5
	25

	28
	5
	5
	5
	5
	5
	25

	Amount
	15
	15
	15
	15
	15
	75




Compressive strength is a fundamental test parameter with continuous monotone load and constant velocity [37]. Testing is done to determine the mechanical properties of samples that undergo a curing process before the testing age. The development of fly ash additives as a binder plays a role in evaluating compressive strength, and preparations that must be of concern are sampling, handling, storage, and the proper testing stage. The performance of the test sample in receiving the vertical moment will be measured and will play a role in determining the characteristics of the concrete brick composite [38]. The compressive strength of concrete bricks is planned to achieve the physical properties of quality classification D.
RESULT AND DISCUSSION
RESEARCH RESULT
Grain Fine Modulus

The fine-grain modulus is an index value used to measure the fineness or coarseness of the concrete grains. The value of the grain modulus index is known through the mechanism of measuring the grain fineness of the material or its hardness. The presentation of the material is reviewed on the cumulative result of gradation and divided by one hundred [39]. Fine modulus is a division parameter that classifies fine aggregates based on their grains and can be used to obtain aggregate weight ratio values in concrete mixtures. The specification of the fine modulus of aggregate grains is 1.5 – 3.8 and does not exceed 7% in concrete mixtures [40]. The larger the maximum size of the aggregate used, the more varied the size in the mix, and the mix will have adequate shear strength and resistance to deformation. In addition to providing slip resistance on the surface, strength and workability are influential factors. The fine modulus of the grain obtained was 2.528.
TABLE 7. Fine-grain modulus
	Sieve (mm)
	Detained (%)
	Detained cumulative (%)

	10
	0,00
	0,00

	4,8
	0,00
	0,00

	2,4
	0,00
	0,00

	1,2
	0,00
	0,00

	0,6
	4,24
	4,24

	0,3
	71,24
	75,48

	0,15
	97,57
	173,05

	Sisa
	2,43
	-

	Amount
	100
	2,528



Gradation

The fine aggregate has a maximum grain size of 4.76 mm [41], which will be known after grain distribution testing. Gradation is an aggregate test parameter used for construction materials. There are three categories: uniform gradation, continuous gradation, and gap gradation. The gradation contributes to the stability of the mixture, and the aggregate distribution will reflect variations in the grain size of the material, including affecting cavity volume, mixture, and ease of work. In gradation test research, the aggregate must be in a dry condition so that the aggregate granules can be easily separated and divided according to the size of the sieve. And the gradation result in the concrete brick mixture is categorized as continuous gradation, and it is concluded that the granules have good distribution. The gradation classification of aggregates lies in area 4, and rather fine aggregates are obtained—the result of fine aggregate gradation is shown in Figure 1.
FIGURE 1. Fine aggregate gradation
	
Concrete Brick Mix Composition

	The dimensions of the concrete brick are 100 x 200 x 80 mm according to the mixture composition plan with standard reference. To obtain the ideal mixture, it is necessary to calculate the material according to the mold volume of 0.0016 m3 and the number of test samples, 75 pieces, molded and conditioned at the ages of 3, 14, and 28 days. The cement water ratio impacts the hydration of concrete bricks; the smaller the cement water ratio, the less optimal the hydration process will be, and the workability is low. Suppose the composition of water is greater than the mass of cement. In that case, concrete bricks have large pores, are readily permeable to water, have a non-dense physical structure, and produce low-density, durability, and strength of concrete bricks. The manufacturing mechanism is to stir the sand binder and fly ash evenly. After the sand and fly ash materials are mixed, cement is added and stirred until homogeneous. Then, water is given, and stirring is still carried out until the dough is evenly mixed in a mortar. Then, the test sample is printed according to the mold size, and the composition of the concrete brick material requirements is shown in Table 8.
TABLE 8. Concrete brick mix composition 0.0016 m3
	Material
	Proportion of fly ash

	
	0 %
	5 %
	10 %
	15 %
	20 %

	Cement
	3,714 kg
	3,680 kg
	3,647 kg
	3,614 kg
	3,581 kg

	Fine aggregate
	12,163 kg
	12,051 kg
	11,941 kg
	11,833 kg
	11,727 kg

	Water
	2,160 liter
	2,140 liter
	2,120 liter
	2,101 liter
	2,082 liter

	Fly ash
	0,00 kg
	0,184 kg
	0,365 kg
	0,542 kg
	0,716 kg



Unit Weight

The weight of the contents of a concrete brick is obtained from the ratio of weight or mass to the volume and pore cavity of the concrete brick, so the number of mixed particles and pore cavity will affect the density of the test sample. The denser the number of particles contained in the sample will decrease the volume of the pore cavity and the weight of the test sample will be high, the correlation of the weight of the contents and quality of the sample quality to compressive strength will be directly proportional, this is influenced by the curing age and density or density of the sample, including the ability of the particles that make up concrete brick to survive and not change shape for a long time until it collapses. The unit weight of the concrete brick sample with fly ash binder added material increased by 0.03% from the standard concrete brick sample. The weight of the contents of the concrete brick will determine the volume of the contents, and the specific gravity of the material will affect the weight of the sample contents. The unit weight of the concrete brick sample with fly ash binder added material increased by 0.16% from the standard concrete brick sample. The unit weight of the concrete brick sample with fly ash binder added material increased by 0.02% from the standard concrete brick sample—the weight result of the contents of the brick in Figure 2.

































FIGURE 2. Unit weight 3, 14, and 28 Days
Compressive Strength

The addition of binding additives will affect the reaction of mixed particles and compressive strength, the ratio of the use of binder additives with significant volumes in the composition of the mixture, in the study there was a decrease in compressive strength effect, this condition was influenced by the reduced cement composition and differences in the processing of different binders so that it has a pozzolan reaction that is not compact to improve the adhesion of concrete brick mixture particles. Adding 10% fly ash at 3, 14, and 28 days of age has higher compressive strength test values than variations of 5%, 15%, and 20%. The improvement in the quality of concrete bricks has a linear pattern from 3 days to 14 days, increased by 10.34%, and from 14 days to 28 days, increased by 15.35%. Age 3 days to 28 days improvement in the quality of concrete bricks 24.10%. As for adding fly ash binder, it has a higher realistic compressive strength overall than ordinary concrete bricks. The higher the addition of fly ash binder, the greater the potential decrease in compressive strength will be. It is known that the chemical composition of cement and fly ash has not produced an optimal pozzolan reaction; this is due to the process of forming clinker particles to create the final bond of cement in the form of separate Calcium Silicate Hydrate. The compressive strength of concrete brick is shown in Figure 3.



FIGURE 3. Compressive strength
CONCLUSION
	The characteristics of concrete brick materials, with the composition and variety of binding additives, significantly influence the quality of concrete bricks. Adding 10% fly ash at 3, 14, and 28 days has a higher compressive strength test value than the 5%, 15%, and 20% variations. The improvement in the quality of concrete bricks has a linear pattern from 3 days to 14 days, increased by 10.34%, and from 14 days to 28 days, increased by 15.35%. For the age of 3 days to 28 days, the concrete brick quality improvement is 24.10%. The main reaction that occurs is in the form of a pozzolan reaction. This reaction is very important, considering the process of converting industrial waste into concrete brick components by increasing the strength and durability of the material. The pozzolan reaction product in the form of calcium silicate hydrate as the main compound contributes to the strength, and the moisture of the concrete brick during the treatment process is maintained to optimize the hydration reaction to run perfectly. The results of the compressive strength test of 28-day-old concrete bricks with the addition of 10% fly ash met the requirements of the D concrete brick classification, which is 11,674 MPa. Using fly ash to replace cement is beneficial for reducing CO2 emissions, so it is significant for environmentally friendly materials.
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