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Abstract— This study further explores the problems in the concrete material studied in terms of variations in the structure of the 

constituent materials and the grain size of red sand on the compressive strength test of quality concrete material with code K-350. The 

primary raw material uses red sand with compositions ranging from 0%, 2%, 4%, and 6% with sizes ranging from 120, 100, and 80 

mesh. After all the ingredients are mixed, printing is carried out according to the predetermined sample size; after the sample is 

deposited for one day and one night, the sample is opened from the mold mall. To see the quality of the sample, testing was carried out 

by testing the concrete structure through the SEM test, and the sample elements were looked at by testing XRD, compressive strength, 

and water absorption. The results obtained were a successive decrease in water absorption in red sand samples with a composition of 

4%. In addition, the maximum compressive strength value was obtained at the proportion of 120 mesh material, and 6 percent of the 

material composition obtained a compressive strength value of 35.27 MPa. When viewed from the size of the concrete structure using 

the scanning Electron Microscope test, it was found that the size of the red sand mixture concrete structure has a much smaller pore 

structure when compared to other mixtures. and in the X-Ray Diffraction test, it was found to contain elements in the form of SiO2, 

CaO3, Ca (OH)2 with the highest intensity of silicon. 
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I. INTRODUCTION

Today's problem is the need for living facilities, especially 

for construction in settlements, buildings, bridges, highways, 

and others. Along with the increasing need for settlements, 

towers, bridges, and roads, the need for introductory materials 

in the form of concrete also increases. Along with the growing 

need for settlements, buildings, bridges, and roads, the need 

for introductory materials in the form of concrete also 

increases [1]. The latest information shows that the use of 

concrete globally reaches 8.8 billion tons/year, equivalent to 
1.3 tons for one population on Earth. This figure is expected 

to continue to increase along with population growth and the 

development of science and technology [2]. Concrete, as one 

of the fundamental construction parts in buildings, makes this 

a strong reason, especially since concrete physically has good 

physical hardness and the constituent materials are relatively 

cheap and easy to obtain. [3]. 

Concrete can accept the pressure that is strong enough. 

Concrete-forming materials will have results that affect the 

concrete's physical strength sample to be used. The alternative 

sand is used to improve concrete's compressive strength and 

is an alternative in the form of red sand [4]. This material is 

obtained from a natural excavation process through 

excavations carried out by the community in the Padang 

Bulan area, which is in the Pinang City sub-district area in the 

province of North Sumatra[5], which is much finer and lighter 

than ordinary dug sand. This red sand is widely used to make 

roads in the area. The red sand of Labuhan Batu Selatan is 

used as a material for making concrete because it contains 

FeC, TaO ,SiO2, TaO2, and FeNi, as well as a significant 
quantity of readily available red sand silicon. [6]. 

The research results by [6] regarding the effect of 

compositional variations and red sand's size on concrete 

quality show that the mechanical properties of concrete with 

a maximum compressive strength of 5 percent and a grain size 

variation of 120 mesh can be acquired to boost the mechanical 

strength of concrete. The density of concrete is very good in 

this mixture. For testing, concrete's capacity to absorb water 

has decreased linearity. 

The research results by [4], “the results of the full-strength 

test with a composition of 4% are in line with the decrease in 
the type of grain size; there is red sand with a grain size of 80 
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mesh, which is 32.3 MPa”. According to the Indonesian 

National Standardization Agency, this has exceeded the 

pressure limit, but the results obtained have not found 

linearity. Experiments on K-225 concrete's quality have 

obtained compressive strength reaching K-400 [7]. 

Related to this background, this research tested concrete [8] 

with the K350 quality standard by utilizing red sand grains as 

a substitute for river sand [9]. Samples were prepared in 3 

mixtures using composition variations [8], [10], [11] of 0 %, 

2 %, 4 %, and 6 % with minor object variations of 80 mesh, 
100 mesh, and 120 mesh, respectively [5], [9], [12]. 

II. MATERIAL AND METHODS 

A. Preparation Ingredients and Proportions of the Mixture 

The concrete mixture comes from a combination of its 

constituent composite materials [13]. The design results are 

influenced by the characteristics and properties of the material 

[14]. Planning is done to determine the composition, 

proportion, and materials to make concrete [15]. This is so 
that the mix ratio that can be used is SNI 03-2847-2002 [16], 

[17].  

At this stage, materials are needed crushed stone, river 

sand, water, type I Portland cement, and red sand [18]. The 

object used as the test material is concrete with dimensions of 

15 cm × 15 cm × 15 cm. Each test material was varied by 

adding red sand with variations[19] of 0%, 2%, 4%, and 6%. 

In this research, K-350 quality concrete was manufactured 

[20]–[22]. The composition of the concrete mix is 1 Portland 

cement: 1.5 sand: 2.2 crushed stone with a water-cement 

factor (FAS) of 0.5. In total, the composition of the concrete 

ingredients for each mixture  [23]–[25] is shown in Table 1. 

TABLE I 

MIXED PROPORTIONS 

Materials 
Mixed (80; 100; 120) 

Mesh (1.77; 1.49; 1.25) x 10-4 m 

 0% 2% 4% 6%

Cement (kg) 5.61 5.61 5.61 5.61

River Sand (kg) 8.4 8.23 8.06 7.9
Gravel (kg) 12.4 12.4 12.4 12.4
Red Sand (kg) 0 0.17 0.24 0.5
FAS (kg) 2.8 2.8 2.8 2.8

B. Methods 

1) Preparation of test objects: In this research, 4 (four) 

concrete mixtures were made consisting of 3 (three) red sand 

concrete mixtures and 1 () regular concrete (without mixture). 

In ordinary concrete [26], 100% river sand is used [27]. At 

this stage, the ingredients are mixed manually using a shovel. 

2) Maintenance: At this stage, the treatment is carried out 

by putting the sample into the soaking tub and then burying it 

for 28 days in the soaking tub. After soaking the test material, 

it is drained from the bath to reduce its water content, and this 

drying process takes 24 hours. After that, the test raw material 

can be used for testing at a later stage. 

3) Testing: The first test step is testing water absorption, 

where in this test, it is necessary to see directly how the 

absorption level occurs in the air cavities in the material [28]. 

So that from the observation process carried out it can be 

calculated mathematically, the amount of water absorption 

that occurs in this study [29] can be seen in the equation 

below: 

 ����� ���	�
��	� %� �
�����

��
�100 (1) 

where mb is a wet mass of the test object (kg), and mk is the 

dry mass of the specimen (kg). 

4) Compressive Strength: The compressive strength test 

measures the compressive strength of the test material 

currently used, concrete, so the size of the compressive test 

can be known. In Indonesia, the standard reference is the 

Indonesian National Standard [16] (SNI) 03-2847-2002. The 

test equipment used is a Compression Testing Machine 

(CTM) [30]. 

Mathematically, the magnitude of the pressure of a material 

is: 

 � �  
�

�
 (2) 

where F is compressive strength (MPa), P is the maximum 
load (N), and A is the cross-sectional area of the test object 

(m2). 

5) XRD: The X-ray diffraction test is a tool used to 

identify the phase structure from the crystal appearance of the 

test material during testing. XRD also functions to see the 

phase composition [31].  

6) SEM (Scanning Electron Microscope): The data to be 

obtained is an analysis of the surface or layer. The resulting 

image is topography in the form of protrusions, indentations, 

and holes on the surface [32]. 

III. RESULTS AND DISCUSSIONS 

A. Water Absorption 

From the existing data, it can be seen clearly that the results 

of testing the water absorption [33] capacity of each mixture 

obtained results with different variations [34], [35] when 

compared to sizes 80, 100, and 120 Mesh and the percentage 
of materials varied on red sand and river sand as the main 

ingredients used. So, we can see the projection results of the 

research data in the graph of Figure 1. 

  

 
Fig. 1  Relationship of water absorption to variations in composition and grain 

size of red sand overall. 

 

From Figure 1, it can be seen that a decrease in water 

absorption [36] Is seen in the composition of  80 meshes with 

a variation in the composition [37] of the grains of 0%, 2%, 
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and 4% occurring successively and an increase in the 

composition of  6%. The minimum water absorption [38], 

[39] value occurs at a composition of  6% at a grain size of 

100 mesh [40]. The addition of red sand can reduce the 

maximum water absorption by 16%. 

B. Compressive Strength 

Result Testing strong press down to every mixture. Get 
results in picture 2. In Figure 2, it can be seen that the increase 

in compressive strength occurred in concrete [41], [42]with a 

grain size variation of 120 mesh with successive increases of 

29.78 MPa, 33.24 MPa, 33.77 MPa, and 35.37 MPa. The 

addition of red sand can increase the maximum compressive 

strength [43], [44] by 20% of the K-350 concrete quality 

standard [45]. 

 

 
Fig. 2 The relationship of compressive strength to variations in the 

composition and size of the red sand grains. 

C. XRD (X-Ray Diffraction) 

The results of the XRD test showed diffraction patterns in 

concrete with variations of 120 mesh red sand grains and 

composition variations of 0%, 2%, 4%, and 6%, with the 
highest peaks occurring in the SiO2 element. The diffraction 

pattern is shown in Figure 3. 

 
Fig. 3  Red sand mix concrete sample diffraction pattern size 120 mesh  

(a) 0%, (b) 2%, (c) 4% and (d) 6%. 

D. SEM 

The (Scanning Electron Microscope) SEM test was carried 

out to determine the concrete's morphology. From the 

following 2000x magnification, you can see the test results on 

the concrete sample[46]. SEM, data regarding the pore size in 

concrete can also be obtained. SEM test results are shown in 

Figures 4 and 5. 

 

    

(a) (b) (c) (d) 

Fig. 4  SEM results on red sand mix concrete samples size 120 mesh composition (a) 0%, (b) 2%, (c) 4% and (d) 6% with magnification 2000x. 

 

  
  

(a) (b) (c) (d) 

Fig. 5  SEM results on red sand mix concrete samples composition 4% size (a) without mixture, (b) 80 mesh, (c) 100 mesh, and (d) 120 mesh with magnification  2000x 
 

(a) (b) (c) (d) 

Fig. 6  The results of SEM analysis on a sample of red sand mixed concrete size 120 mesh composition (a) 0%, (b)  2%, (c) 4%  and (d) 6%  magnification 2000x. 
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(a) (b) (c) (d) 

Fig. 7  The results of SEM analysis on red sand mix concrete samples composition 4% size (a) without mixture, (b) 80 mesh, (c) 100 mesh and (d) 120 mesh with 

2000x magnification  

 

The results of the water absorption and compressive 

strength tests of concrete with the addition of variations in 

grain size and variations in the composition of red sand that 
have been worked and treated for 28 days and dried for 24 

hours can be seen in Figure 1. It shows that concrete without 

a red sand mixture has a high-water absorption capacity. 

Based on research conducted by [4], “the more pores the 

concrete has, the higher its absorption power so that its 

resistance will decrease”. Cavities (pores) in concrete [47] are 

caused by inaccurate quality and composition of the 

constituent materials. Concrete additives play an essential role 

in the concrete [48] manufacturing process because they can 

modify and adapt the properties of concrete [46] to suit the 

needs and Decreased absorption. 
This decrease in water absorption can be affected by the 

addition of materials because the cavities contained in the 

materials that make up the composition of the concrete [26] 

material can be compacted by adding red sand so that the red 

sand particles can enter the empty pores to increase the 

density of the concrete material [49]. The results of the SEM 

test reveal the concrete's density, as shown in Figures 4 and 5. 

Visible pores indicate the density of the concrete [50]with 

black color and holes [51]. This indicates that the addition of 

red sand composition with a specific size effectively reduces 

water absorption so that the greater the water absorption 

capacity the lower the compressive strength value obtained. 
The specimen's pressure test is carried out when the concrete 

is 28 days old since immersion. The substantial pressure value 

is influenced by the composition of the materials used for its 

formation and the bond between the cement paste and the 

cement. The compressive strength of concrete is determined 

by setting the ratio of cement, fine aggregate, and water [5].  

The composition variation of (0, 5, 10, 15, 20) % 

experienced the highest increase in composition variation of 

5% and began to decrease by 10%. When the composition is 

varied to (0, 2, 4, 6)% with the lowest percentage increase in 

the pressure force value of 1.6% on the variation of the red 
sand mixed with a size of 100 mesh and a composition 

variation of 6% and the highest percentage increase in 

pressure strength of 18.7% on the variation of the red sand 

mixed with a size of 120 mesh and the composition variation 

of 6%. This happens because the addition of sand of a small 

size can reduce the number of pores and increase the strength 

of pressure. The composition selection was also chosen below 

10% because it was based on research [52] with a composition 

variation of 0.5%: 5%, 2%: 15%, 4%: 25% obtained the 

highest pressure strength value with the composition of the 

mixture with the addition of fine aggregates as much as 5% 
[53], [54]. 

The pressure force drop factor can also be influenced by 

the gradation of the size of the homogeneous sand granules. 

If the size is uniform, there is a lot of free space or gaps 
between the units. Therefore, a suitable aggregate for concrete 

is a granular aggregate that changes when the free space 

between particles is filled with small particles [55]. 

Due to the smaller size of red sand grains, adding red sand 

effectively raises the level of SiO 2 in concrete[56]. Because 

SiO2 is one of the most common compositions found in red 

sand and Portland cement, using this element will make it 

simpler to produce a mixture of stronger concrete. Figure 3 

can also be used to conclude that SiO2 [57], [58] has the most 

dispersed intensity of all the elements in concrete [59], [60]. 

The analysis carried out on 0% mixed concrete (a) in Figure 
5 shows a more evenly distributed pore distribution with larger 

pore size. Meanwhile, in Figure 5 (b), it can be seen that the 

gradation of the aggregate is not good, causing the material to 

bind less, thereby affecting the density of the concrete. In 

figures (c) and (d), it can be seen that the spread of pore pores 

is almost evenly arranged, causing the pore size in concrete to 

shrink and improve the quality of concrete[61]. The aggregate 

granules' size also affects the pores' arrangement and size. Fine 

granules can fill the free space in concrete, make the concrete 

composition denser, and create low water absorption. The 

comparison of Figure 5 shows that the addition of 6% red sand 

has the best morphology compared to concrete without a 
mixture of red sand (standard). 

In aggregate samples, using below average sizes can be 

used as an alternative to increasing the strength of the concrete 

samples used so that the compressive strength can improve 

and reach the standards set by the government—the raw 

quality of the sample material is to have maximum quality. In 

addition, if the concrete sample aggregate has finer grain 

particles with different size and shape variations, this will 

affect the density of the concrete, and the finer particles will 

fill the empty cavities in the concrete sample. So that the 

quality of the concrete is much denser and more robust and 
the quality can be optimal [62]. 

IV. CONCLUSION 

From the results of the research that has been carried out, 

there are several findings, namely, in the lowest water 

absorption test at a composition of 4%; however, this is not in 

line with the findings in research, namely in the compressive 

strength test there is a significant increase in variations in size 

composition material of 120 mesh. This indicates that 
homogeneous mixing during casting has not occurred. From the 

compressive strength testing process with variations from 

various samples with the composition and size of the red sand 
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particles, a new fact was obtained that the red sand aggregate 

mixture could increase the strength of concrete. The amount of 

strength obtained from the optimal compressive strength test 

was obtained in the test sample, namely at 120 mesh size with 

a mixed composition of 6%. From the data above, we can 

analyze that the size of the aggregate [63] particles affects the 

sample's compressive strength, with the small size of the 

aggregate grains being able to fill the empty pore space of the 

concrete sample being tested. This has implications for the 

resulting concrete structure to become denser and the bonding 
of the particles to become stronger so that the test value of the 

compressive strength obtained is K-450 from K-350, where 

there is a significant increase. Based on the XRD test, it was 

found that the elements contained were Ca (OH)2, SiO2  and 

CaO3, with the highest intensity being SiO2 compared to other 

concrete components. One of the components that red sand 

cement contains to improve concrete's compressive strength is 

SiO2. All crystal structures formed are hexagonal. Based on 

these conclusions, the authors provide two suggestions. 

Namely, it is necessary to pay attention to further research when 

the concrete casting process is carried out even better to obtain 
homogeneity[64] of the mixture to fill the pore voids and 

increase the compressive strength of the concrete. Further 

research in concrete treatment so that the test object is not 

crushed is also necessary. 
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