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Abstract  

This study investigates the impact of Sodium Silicate (Na₂SiO₃) addition on the water absorption and compressive 

strength of bricks, aiming to enhance understanding of material properties in construction. Sodium Silicate was 

incorporated into the brick mix at concentrations of 0%, 10%, 20%, and 30% by weight of cement, with a mix ratio 

of 1:7 (cement). The compressive strength and water absorption tests were conducted after a 28-day curing period, 

following the Indonesian National Standard (SNI) procedure 03-0349-1989. The results indicate that increasing 

Sodium Silicate concentration led to a decrease in compressive strength, with values of 45.62 MPa, 50.27 MPa, and 

59.03 MPa observed at 10%, 20%, and 30% addition levels, respectively, compared to the control (standard bricks). 

Conversely, water absorption increased by 0.79%, 1.47%, and 2.31% at these respective concentrations. The 

observed reduction in compressive strength is attributed to the gel-like and adhesive properties of Sodium Silicate, 

which potentially hinder uniform water distribution within the brick matrix, thereby affecting the overall material 

performance. These findings suggest that while Sodium Silicate can enhance water resistance in bricks, its use at 

higher concentrations may compromise structural integrity. Further research is recommended to optimize the 

concentration of Sodium Silicate for balanced mechanical properties and durability in brick production. 
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I. INTRODUCTION 

In ancient times, building construction used burnt bricks and then developed into using bricks [1] [2]. 

Brick is a brick-shaped concrete used to install walls. Its primary materials are Portland cement, fine aggregate 

sand, and water [3][4]. Compressive strength depends on the properties of individual building units (i.e., brick and 

mortar), slenderness ratio, thickness of mortar joints, and construction control followed by masons [5] [6]. The 

problem is that bricks are often damaged due to high water absorption, which affects the compressive strength of 

the bricks. Today’s obstacle is that the quality of bricks that is not uniform between brick makers is the main reason 

bricks are less desirable than red bricks [7] [8]. In addition to non-uniform quality, bricks are more expensive than 

red bricks [9] [10]. Even in terms of brickwork, it is more efficient because of its large shape and easy installation. 

This problem makes practitioners and the world of education continuously research to get bricks that are of better 

quality but still economical [11] [12] [13] state that the quality of bricks is determined based on the ratio of 

constituent materials of cement and sand mixture as in table 1: 

 

Table 1 Brick Quality is Based on the Cement and Sand Ratio 
 

No Quality 

Ratio 

Cement & 

Sand 

1 Common 1 : 12 

2 Standard 1 : 10 

3 Premium 1 : 7 

Source [13] 

 

According to SK SNI S-04-1989-F, concrete bricks are categorized into two distinct types based on their 

structural composition: solid and perforated. Solid concrete bricks are characterized by a cross-sectional area of 

at least 75% solid, meaning that the solid part of the brick’s cross-section makes up three-quarters or more of the 

total cross-sectional area. Additionally, the solid volume of these bricks exceeds 75% of the total brick volume, 

showing that most of the brick’s material is solid. On the other hand, perforated concrete bricks feature a cross-

sectional area where more than 25% consists of holes or voids, and the volume of these perforations also surpasses 

25% of the total brick volume. This distinction emphasizes that perforated bricks are designed with significant 

voids to reduce material usage or improve thermal performance. In addition to these classifications, SNI 03-0349-
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1989 further categorizes the quality of concrete bricks based on their physical properties, explicitly distinguishing 

between hollow and solid bricks. Hollow bricks typically have perforations or cavities and are often used in 

applications where reduced weight or improved insulation is desired. Solid bricks, by contrast, are more 

commonly used in load-bearing applications due to their higher strength and durability. These classifications 

provide a framework for understanding the different types of concrete bricks available and their respective uses 

in construction, ensuring that the appropriate brick type is selected based on the specific needs of a building project 

[14][15]. 

 

Table 2 Physical Requirements for Solid Bricks based on SNI 03-0349-1989 
 

Physical Requirements Unit 
Quality of Solid Concrete Brick 

I II III IV 

Average min, 

Gross compressive strength. 

𝐾𝑔

𝑐𝑚2
 100 70 40 25 

The test specimen, min, 

Gross compressive strength. 

𝐾𝑔

𝑐𝑚2
 90 65 35 21 

Average Water Absorption max. % 25 35 - - 

 

Table 3 Physical Requirements for Perforated Bricks based on SNI 03-0349-1989 [16] 

Physical Requirements Unit 
Quality of Solid Concrete Brick 

I II III IV 

Average min, 

Gross compressive strength. 

𝐾𝑔

𝑐𝑚2
 70 50 35 20 

The test specimen, min, 

Gross compressive strength. 

𝐾𝑔

𝑐𝑚2
 65 45 30 17 

Average Water Absorption max. % 25 35 - - 

 
Figure 1 Solid Brick 

 

 
Figure 2 Perforated Bricks 

 

Since brick is brick-shaped concrete, several efforts to improve the quality of concrete by using additives 

are also applied in making bricks [17] [18]. Common additives used to increase compressive strength and improve 

porosity in concrete[19] [20]“from rice husks (hulk ash), red brick powder, methacholine, and silica fume and 

sodium silicate (Na2SiO3)” [21]. In this study, the author used sodium silicate (Na2SiO3) as an added material 

mixed in the mixture of brick makers to see its effect on the compressive strength and permeability of the bricks 

produced. Research on the use of additives sodium silicate (Na2SiO3) to improve concrete quality has often been 

carried out, such as by P Giannaros states that sodium silicate (Na2SiO3) can react to the calcium hydroxide content 

Ca(OH)2  found in hydrated cement paste, formed then calcium silicate hydrate 3CaO2SiO23H2O (C-S-H) in the 

form of a gel that is insoluble in water, which can fill the pores of the concrete, so that which can further compact 

concrete, and increase the level of waterproofness and compressive strength[22] [23] [24]. The 3CaO2SiO23H2O 

(C-S-H) content formed has the same properties as concrete, so a perfect bond occurs in concrete. Another study 

on the use of sodium silicate (Na2SiO3) as an added material in concrete mixtures was also carried out [25] [26]. 

https://ojs.selodangmayang.com/index.php/bappeda/article/view/209/172
https://journal.ipts.ac.id/index.php/ED/article/view/2645/1775
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In a study entitled “Evaluation of Concrete Durability Performance with Sodium Silicate Impregnates” concluded 

that concrete impregnated with sodium silicate significantly increased performance on compressive strength, 

porosity, permeability, and resistance to chloride compounds. From this explanation, this problem can be solved 

by increasing the brick’s compressive strength and reducing water absorption by adding sodium silicate (Na2SiO3). 

This study aims to obtain data and information about the influence of understanding sodium silicate (Na2SiO3). 

There is the absorbency of bricks and their compressive strength, which will later be the development of 

knowledge for a mixture of brick aggregates that have good strength. 

 

II. METHOD 

The method used in this study is an experimental method of analysis where brick material is examined on 

the effect of adding sodium silicate (Na2SiO3) on water absorption and strength, and a literature review is conducted 

to determine the reason for the importance of this research [27]. Bris, in this case, are made manually through iron 

plate molds measuring 20 x 10 x 40 cm. Bri s are made based on a mixture ratio of 1 7 (cement: sand) [28][29]. 

The mixture is added to sodium silicate (Na2SiO3) with a concentration of 10%, 20% to 30% by weight of cement. 

Furthermore, a compressive strength test and the water absorption power within the brick life were carried out 28 

days after manufacture [30]. The test procedure uses SNI-03-1968-1990. Here is a flow diagram from this study: 

 

 
 

Figure 3 Flow Chart of Research Stages 
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Figure 3 describes the process carried out in this study. This research begins with preparing the test material, and 

then a compressive test is carried out with a predetermined standard; if it is improper, the material preparation 

process is repeated. The conformity process of existing standards (British Design Method) and stirring of the 

material are to be printed, where water absorption and strength tests are carried out for bricks that have been 

printed. 

 
 

Figure 4 Physical Form of Sodium Silicate (Na2SiO3) 

 

III. RESULTS AND DISCUSSION 

A. The Physical Form of Sodium Silicate (Na2SiO3) 

The fine aggregate in the brick mixture is analyzed according to the stipulated SNI provisions. The results 

of the material inspection can be seen in the following table 4: 

 

Table 4 Results of a Fine Aggregate of Brick Mix Materials 
 

Types of Analysis Results Parameters 

Grain Fine Modulus (MHB) 3.57 1.5 – 3.8 

Types of aggregate gradations Rude  

Specific Gravity  

- Bulk specific gravity 

- SSD (Saturate Surface Dry) 

- Pseudo (appearance) 

- Absorption (%) 

 

2.51 

2.53 

2.60 

0.81 

 

2.5 – 2.7 

2.5 – 2.7 

2.5 – 2.7 

Max 3% 

Sludge Content (%) 3.57 < 5% 

Weight of Dropsy Volume(
𝑔

𝑐𝑚3)  1,44 1,4 – 1,9 

Weight of Solid Volume(
𝑔

𝑐𝑚3)  1,64 1,4 – 1,9 

Specific Gravity of Cement(
𝑔

𝑐𝑚3)  3.15 3.0 – 3.2 

 

B. The Proportion of Brick Mix Material (Mix Design with DOE Method) 

The British DoE method is commonly used to obtain concrete designed using cement and aggregates per 

the relevant British Standards. Concrete designs with a compressive strength of 75 MPa and a lifespan of 28 days 

are not suitable for this method, and concrete designs containing fly ash and GGBFS are not suitable [31]. From 

the results of laboratory analysis of fine aggregate, the proportion of mixed materials that make up bricks can be 

calculated as follows: 

 

1. Brick Net Volume:  

Calculating the net volume of bricks is needed to estimate the number of bricks needed in the 

construction; this is important because the wrong situation makes planning not go well and incur greater costs. 

The calculation is: 

= brick size – cavity volume 

= brick size - (1/2 Base x height x length) 

 = 40 x 20 x 10 cm – (1/2 x 3 x 2 x 80 cm) 

 = 8000 cm3 – 240 cm3 

 = 7760 cm3 
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2. The Volume of Cement per Brick: 

 The volume of cement per brick is used to calculate the amount of cement needed to produce one brick; 

this calculation is obtained after calculating the net weight of the brick and then multiplied by the weight of the 

cement volume: 

= 1/8 x 7760 cm3 x weight of cement volume 

= 1/8 x 7760 cm3 x 3.15 gr/cm3 

= 3.055 g = 3.05 kg 

 

3. Volume of Sand per Brick: 

Calculating the amount of sand needed to make one brick is a calculation to get the amount of sand 

needed to make one brick; calculating the net weight of bricks figures out this calculation. 

= 7/8 x brick net volume x sand volume weight 

= 7/8 x 7760 cm3 x 1.44 g/cm3  

= 9777.6 g = 9.7 Kg 

 

4. Water Volume per Brick: 

The amount of water needed for one brick is calculated by calculating the number of FAS (cement water 

factor); the smaller the amount of FAS used, the better the bricks are produced. The number of FAS used is 0.71 

and uses the volume of cement per brick.  

= FAS Value x Cement Volume Weight 

= 0.71 x 3.05 

= 2.165 Kg  

= 2.165 Kg x 0.753 = 1.63 Liters 

The FAS value of 0.71, obtained from the following graph, by: 

a. Compressive Strength determined (Fc’) = 10 Mpa (according to brick physical standards according to SNI) 

b. Margin (M): 

= 1.64 x standard deviation 

 = 1.64 x 4.2 

 = 6.8 Mpa 

c. Value of Compressive Strength Plan (f’c):  

= f’c + M 

= 10 Mpa + 6.8 Mpa 

= 16.8 Mpa (168 Kg /cm2) 

 

  The FAS value is figured out by taking a cut line between the plan’s compressive strength value (168 

Kg/cm2) and the test object’s 28 days of life, obtaining an FAS value of 0.71. The figure below shows that the 

compressive strength of 168 MPa when a linear line is used is obtained by FAS 0.71. is ed for the relationship 

between compressive strength and cement water factor[32]. 
 

 
Figure 5 Relationship between Compressive Strength and Water Factor of Cement 
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Table 5 Sodium Silicate Requirement per Brick 
 

No Sodium Silicate 
Vol. Cem t 

(kg) 
Na2SiO3 /Brick (Kg) 

1 Control - 0% 3.05  0 

2 Concentration - 10% 3.05  3.05 x 10% = 0.305 

3 Concentration - 20% 3.05  3.05 x 20% = 0.61 

4 Concentration - 30% 3.05 3.05 x 30% = 0.91 

 

Table 5 explains the variables of research conducted with four (4) treatments, namely the concentration of 0.10, 

20.30%, and the volume of cement, which is 3.05, so that the weight of the brick is obtained, which is the 

multiplication of the concentration of Na2SiO3 and the volume of cement. 

 

C. Compressive Strength Test Results on 28 Days Bricks 

The compressive strength test results of bricks used with the British DoE method use four types of bricks 

with average brick composition and the addition of Na2SiO3 with a percentage of 10.20 and 30%. The est results 

can be seen in the table. 

 

Table 6 Compressive Strength Test Results of 28 Days Bricks 

 

 

 

 

 

 

 

 

The results of compressive strength testing show that the higher the concentration of sodium silicate (Na2SiO3), 

the lower the compressive strength of the brick. 

 

D. Water Absorption Test Results on 28 Days Bricks 

The results of the water absorption test on 28-day-old bricks were carried out to figure out the effect of 

adding Na2SiO3 on water absorption needed for compressive strength testing on the composition of the bricks as 

seen in table 7. 

 

Table 7 Compessive Strength Test Results of 28 Days Old Brick 
 

No. Sample Description 
Water Absorption 

(%) 

1 Normal bricks (control) 3.41 

2 Brick + Na2SiO3 – 10% 4.20 

3 Brick + Na2SiO3 – 20% 4.88 

4 Brick + Na2SiO3 – 30% 5.72  

 

Table 7 above shows that the higher the concentration of sodium silicate (Na2SiO3) added to the brick mixture, 

the greater the brick’s water absorption capacity. 

The inspection results of the fine aggregate used in the brick mixture indicate that the materials conform 

to the standards specified by the Indonesian National Standard (SNI). The rain fine modulus (MHB) of 3.57 falls 

within the acceptable range of 1.5 to 3.8, suggesting an appropriate particle size distribution for adequate 

compaction and strength. Spe fic gravity values, including bulk (2.51), SSD (2.53), and pseudo (2.60), align with 

the standard range of 2.5 to 2.7, indicating that the aggregate possesses adequate density and is not overly porous. 

The low absorption rate of 0.81% suggests that the aggregate has minimal water absorption capacity, which is 

beneficial for maintaining the strength and durability of the bricks. Furthermore, the sludge content is 3.57%, 

below the 5% maximum threshold, ensuring that the fine aggregate does not contain excessive impurities that 

could compromise the brick’s structural integrity. 

The compressive strength tests on bricks modified with varying concentrations of sodium silicate 

(Na2SiO3) reveal that increasing Na2SiO3 content negatively affects the compressive strength of the bricks. As 

served in the results, regular bricks without Na2SiO3 exhibit a compressive strength of 74.24 kg/cm², while bricks 

with 10%, 20%, and 30% Na2SiO3 concentrations show a significant decrease in strength to 28.62 kg/cm², 23.97 

No. Sample Description 
Compressive Strength 

(Kg/Cm2) 

1 Normal Bricks (control) 74.24 

2 Brick + Na2SiO3 10% 28.62 

3 Brick + Na2SiO3 20% 23.97  

4 Brick + Na2SiO3 30% 15.21  
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kg/cm², and 15.21 kg/cm², respectively. This trend suggests that higher concentrations of Na2SiO3 reduce the 

cohesion within the brick matrix, potentially due to the formation of a weaker bond or altered microstructure, 

leading to diminished load-bearing capacity. The British DoE method’s application underscores the significance 

of maintaining an optimal balance between aggregate composition and additive concentrations to ensure the 

desired compressive strength and durability. 

Additionally, water absorption tests indicate that the inclusion of Na2SiO3 increases the water absorption 

capacity of the bricks. Nor l bricks (control) have a water absorption rate of 3.41%, while those with 10%, 20%, 

and 30% concentrations of Na2SiO3 exhibit progressively higher absorption rates of 4.20%, 4.88%, and 5.72%, 

respectively. The increased water absorption may be attributed to the altered porosity or microstructure caused by 

sodium silicate addition, which could facilitate greater water uptake. High r water absorption rates can adversely 

affect the long-term durability of bricks, especially in environments exposed to moisture, as they may lead to 

degradation and reduced compressive strength over time. These findings emphasize the need to carefully optimize 

Na2SiO3 concentrations to balance water resistance and mechanical properties. 

 

IV. CONCLUSION 

From the results of this study, it was found that (Na2SiO3) ≥ 10% can reduce compressive strength and 

increase the water absorption of bricks for 28 days. The high concentration of sodium silicate (Na2SiO3) added is 

directly proportional to the deterioration in the quality of the bricks. It happens because of the physical properties 

of sodium silicate (Na2SiO3), which is jelly-shaped and adherent. If it mixes with water, there will be an increase 

in water viscosity. Change becomes an obstacle in the water that dissolves all other materials. The rise in viscosity 

results in cement not hydrolyzing evenly, which results in low binding strength between materials in the brick 

mixture. This is what causes the compressive strength of the brick to decrease. The contribution of this research 

is to provide knowledge that the addition of sodium silica Na2SiO3 causes a decrease in the compressive strength 

of bricks and increases water absorption so that in the future, it is expected to be able to conduct further research 

on the proportion of sodium silica Na2SiO3 in the cement mixture. The implications of this study provide scientific 

information for future research so that there is no need to add too much sodium silica Na2SiO3 to the cement brick 

mixture. The imitations in this study were the addition of Na2SiO3 with variations of 10,20 and 30%, as well as 

testing the compressive strength of bricks. The following research is the most effective composition of Na2SiO3 

to increase brick compressive strength and refine brick quality by adding Na2SiO3 with the Taguchi method. 
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