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ABSTRACT 

This research was conducted at a company manufacturing paving blocks, ceramics, ventilation, concrete, 
and roof tiles. This study aims to improve the quality of concrete tile products, which experience the most 
cracks and breaks. Research to determine the composition of concrete roof tiles can be carried out by design 
experiments using the Taguchi method. This experiment used raw materials such as cement, sand, milled 
flour, and water. The concluding results show that the quality of concrete roof tiles is based on the results 
of the Taguchi method and confirmation experiments, which are characterized by an increase in the 
compressive strength of the concrete tile based on the average value (μ) and its variability (SNR). The 
average compressive strength (µ) of concrete roof tiles increased from 19.814 ≤ 21.208 ≤ 22,602 in the 
Taguchi experiment to 26.406 ≤ µconfirmation ≤ 29.894 in the confirmation experiment. While the 
variability (SNR) increased from 25.532 ≤ 27.521 ≤ 29.510 in the Taguchi experiment to 26.473 ≤ S/N 
confirmed ≤ 31.469 in the confirmation experiment. The optimal composition of cement, sand, milled flour, 
and water that produces the best compressive strength based on the response factor and SNR is 0.9 kg: 0.5 
kg: 0.4 kg: 0.3 kg, respectively. The most influential factors on the compressive strength of concrete roof 
tiles are the amount of sand and the number of flour mills. 
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INTRODUCTION 
Concrete tile is a building element used for the roof, and the roof is made of an even mixture 

of cement, sand, or the like with aggregate and water with or without using other additions. Along 

mailto:idris.nur@mercubuana.ac.id
mailto:dini_basira@mercubuana.ac.id
http://creativecommons.org/licenses/by-sa/4.0/


40 

Permadi, and Nisa 

with this, the demand for quality and product quality is also increasing [1]. Thus, it requires concrete 
tile manufacturers to be able to maintain and improve the quality of the products produced [2]. 

PT X is a company engaged in manufacturing concrete tiles, paving blocks, ceramics, 
breezeblock, and riol. The primary raw materials for making concrete tiles are cement, sand, mill 
flour, and water. The adhesive used is red and white, commonly used for public buildings that do not 
have special requirements for mixing raw materials. The sand used comes from mountain sand. In 
addition to cement and sand, the manufacture of concrete tiles also uses mill flour, which serves as 
an additional mixture for making concrete tiles. 

The problem that often occurs in the concrete tile production process is that products are 
easily broken due to the compressive strength of concrete tiles that do not comply with 
predetermined specifications—defects found in concrete tile products in the form of cracks, plugs, or 
cuts, and breaks [3]. Thus, further research will be carried out on the factors that affect the most 
optimal composition of concrete tiles and the things that cause defects in concrete tile products and 
combinations by conducting experimental designs through the Taguchi method approach. So far, the 
company has only determined the standard content of each ingredient but has not found the most 
optimal range [4][5]. Table 1 shows the grade standards for each concrete tile production. 

 

Table 1. The Standard Grade of Each Concrete Tile Production. 

Material Minimum Usual Maximum 

Cement  100 Kg 120 Kg 135 Kg 

Sand 35 Kg 40 Kg 47 Kg 

Flour Mill 42 Kg 40 Kg 60 Kg 

Water 15 Liter 20 Liter 20 Liter 

 

The method used in this study is the Taguchi method. This method serves as an experimental 
procedure for designing parameters that state the values or settings of variables that can be 
controlled and set so that variations caused by several interference factors can be minimized [4]. The 
Taguchi method is very suitable for optimizing quality characteristics and can be applied well to 
maximize the interaction of machining processes such as surface roughness[7][5]. The Taguchi 
method can also be used to optimize some experimental factors in the industry [6]. 

This study aims to identify the factors most significantly influencing the strength of concrete 
roof tiles and determine the best combination and composition of raw materials to produce the 
optimum compressive strength of concrete roof tiles with an experimental design. 

Conducting experimental designs through this Taguchi method approach is expected to 
determine the factors that affect the compressive strength of concrete tiles and produce the right 
combination and composition of raw materials that provide the maximum compressive strength of 
concrete tiles desired by consumers and provide quality improvements to the products paid 
[7][8][11]. 

 

METHOD 

The type of research used is experimental design research. This study aims to determine the 
most significant cause of failure in making concrete tiles and make improvements by selecting the 
composition of concrete tiles with the best compressive strength [9][10][13]. The factors that affect 
the strength of concrete tile are the amount of cement, sand, mill flour, and water. The best 
composition can be used as a definite tile composition to improve the strength quality [1], [8], [10], 
[11], [14]–[16]. The conceptual framework formed by the relationships between variables in the 
study is shown in Figure 1. 
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Figure 1. Research Conceptual Framework 

 

Research Procedure Design 
The research was carried out by following steps such as a preliminary study to find out the 

company's condition, the production process, and the necessary supporting information, as well as a 
survey of the literature on the problem-solving method used and other supporting theories—then 
data collection techniques, data processing, and so on [17]–[22]. 
Data Collection Techniques 
Data collection techniques in this study were carried out by [6], [13], [23]–[25]: 
1. Observation is collecting data using direct words of the object under investigation to obtain 

relevant data. 
2. Conduct interviews with leaders and employees to obtain more accurate and actual data. 
3. A literature study is conducting a literature study of various books on the problems observed in 

the company. 
Data Processing Techniques 

Data processing was carried out using the Taguchi experimental design, which has stages 
from the preparation stage to the implementation of the experimental results. The block diagram of 
data processing using the Taguchi method is shown in Figure 2 [26]–[30]. 

 

 

Figure 2. Diagram of Data Processing 
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RESULTS  

Experimental Planning with the Taguchi Method 
1. Identification of Non-Free Variables 

The non-free variable injected in this study is the compressive strength of concrete tiles. The 
characteristics used are more significant, which means that the higher the strength of the 
concrete tile, the better the quality. 

2. Control Factor Identification 
The results of the identification of controllable factors are shown in Table 2. 

 
Table 2. Control Factors 

No Code Factor 

1 A Cement 

2 B Sand 

3 C Flour Mill 

4 D Water 
 
Determining the Number of Levels and Factor Level Values 
The level of each factor shown in Table 3 can be determined from the alternatives to controllable 
factors. 

 

Table 3. Level and Factor Level Values 

Code Control Factors Level 1 Level 2 

A Cement 0.9 kg 1.5 kg 

B Sand 0.3 kg 0.5 kg 

C Flour Mill 0.4 kg 0.7 kg 

D Water 0.3 ltr 0.5 ltr 

The determination of this level is carried out on the consideration of: 
a. The value of each level is still within the range set by the company. 
b. Level points that show extreme values. 
c. The level can still be handled by existing process technology. 
 
Design of Experiment 

This study uses four factors, A, B, C, and D, and has two levels with a degree of freedom value 
of 4. The orthogonal matrix used for this study was L8(2,7).  Table 4 shows the complete randomized 
series of combinations of each experiment. 
 

Table 4. Complete Randomized Circuit Combination of Each Experiment 

Factor Compressive 
Strength of Roof 

TileConcrete 
(kg/cm2) 

Sum  Average 
Experiments 

1 2 3 4 5 6 7 

A B C D e e e 

1 1 1 1 1 1 1 1 18.5 18 18 54.5 18.167 

2 1 1 1 2 2 2 2 20.5 20.5 20 61 20.333 

3 1 2 2 1 1 2 2 20 19.5 19 58.5 19.5 
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4 1 2 2 2 2 1 1 17 17.5 17 51.5 17.167 

5 2 1 2 1 2 1 2 18 18.5 19.5 56 18.667 

6 2 1 2 2 1 2 1 16.5 17 17 50.5 16.833 

7 2 2 1 1 2 2 1 20.5 21.5 22.5 64.5 21.5 

8 2 2 1 2 1 1 2 24 21 20.5 65.5 21.833 

Sum 462 154 

Average 57.8 19.25 

 
Calculating the S/N Ratio 

The characteristics used are Larger and Better, so what is expected is the highest compressive 
strength of concrete tiles. The quality characteristic that is the goal of quality improvement is to 
maximize the compressive strength of concrete tiles. Power has quality characteristics. The higher 
the compressive strength value of concrete tile, the better.  The experimental results and calculation 
of the S/N ratio can be seen in Table 5. 
 

Table 5. Experimental Results and S/N Ratio 
Factor 

Replication (kg/cm2) 
S/N Ratio 

Experiment 

1 2 3 4 5 6 7 

A B C D e e e I II III 

1 1 1 1 1 1 1 1 22.5 21 19.5 25.183 

2 1 1 1 2 2 2 2 20.5 20.5 20 26.162 

3 1 2 2 1 1 2 2 20 19.5 19 25.795 

4 1 2 2 2 2 1 1 24.5 26 23.5 24.691 

5 2 1 2 1 2 1 2 18 18.5 19.5 17.19 

6 2 1 2 2 1 2 1 17 18.5 17.5 24.521 

7 2 2 1 1 2 2 1 20.5 21.5 22.5 26.629 

8 2 2 1 2 1 1 2 24 21 20.5 26.721 

 
Analysis Average Variance of Compressive Strength of Concrete Roof Tiles 

The calculation of ANAVA below is to perform a two-way variance analysis model consisting 
of calculating degrees of freedom, the number of squares, the average number of courts, and the F-
ratio. Table 6 shows the percent contribution. 

 

Table 6. Person Contributions 

Source V SS MS F-Ratio SSʹ ρ(%) 

A 1 1.68 1.68 0.41 -2.43 -9.11 

B 1 4.5 4.5 1.39 2.38 8.92 

C 1 11.68 11.68 3.62 9.56 35.83 

D 1 0.34 0.34 0.08 -3.77 -14.13 

Error 6 24.66 4.11 - - - 

Total 10 26.84 20.32 - - - 
 
Optimal S/N ratio prediction 

It is known that the factors that significantly affect the average compressive strength of 
optimum concrete tile are: 
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Factor C level 1 (Mill flour 0.4 kg ) Factor B level 2 ( Sand 0.5 ) 
So the model equation is: 
μprediction = Y + (C1−Y) + (B2−Y) 
= 24.612 + (26.174 – 24.612) + (25.959–24.612) 
= 27.521 
 

DISCUSSION 
In the confirmation experiment, factors and levels were determined, such as factors and 

levels at optimal conditions, namely the Cement factor of 1.5 kg at level 2 (A2), sand 0.5 kg at level 2 
(B2), mill flour 0.4 kg at level 1 (C1) and Water 0.3 ltr at level 1 (D1). For confirmation, ten samples 
were taken with levels at optimum conditions. These results are in line with research [31]. His study 
found improvement solutions to improve the quality of lightweight bricks at UD. XY is by conducting 
an experimental design using the Taguchi method. The experimental results for the optimal light 
brick composition obtained are water:cement: sand composition of 1:2.5:4. A confirmation 
experiment was carried out to ensure the composition results are robust. The results of the 
confirmation experiment showed an increased average compressive strength and a minimal variance 
(0.041) compared to the initial condition variance (31.68). [32] research also indicates that 
compressive strength influences the volume ratio between the foam and the sand and geopolymer 
paste mixture. The optimum composition is obtained by combining the ratio of sand to geopolymer 
paste of 1:1, the percentage of foam to sand and paste of 1:1, and the curing temperature of 25 oC, 
resulting in a maximum compressive strength value of 63 kg/cm2. From the calculation of the 
confidence interval at the 90% confidence level for the Taguchi experiment and then compared with 
the confidence interval for the confirmation experiment, it was found that the average in the 
confirmation experiment was at the confidence interval of the Taguchi experiment. The confidence 
interval can be seen in Table 7. 

 
Table 7. Interpretation of Concrete Tile Compressive Strength Measurement Results 

Response (compressive strength of concrete tiles) Predictions Optimization 

Experiment Average (μ) 21.208 21.208 ± 1.394 

Taguchi Variability (S/N) 27.521 27.521 ± 1.989 

Experiment Average(μ) 28.15 28.150 ± 1.744 

Confirmation Variability (S/N) 28.971 28.971 ± 2.498 

 
Based on the interpretation of the results of the calculation of compressive strength of 

concrete tiles listed in Table 7, namely Taguchi's experiment to experiments and confirmation of an 
increase in average and variability. Thus, the optimal combination of factors mentioned above is 
proven to increase the compressive strength of concrete tiles. This is the same as the results of the 
[33] study, where it can be concluded that the percentage of defects that occurred at the company 
was initially around 4%. In contrast, the rate of application results using the Taguchi method 
decreased to 2%. A decrease in the percentage of defects means an increase in product quality. The 
factor that most influences the quality of the product is the drying process time, with the most 
significant contribution percentage value of 34.5%. 

 

CONCLUSION 
Based on the indication of factors, the factors that affect the compressive strength of concrete 

tiles are cement (A), Sand (B), Mill Flour (C), and Water (D). Based on the comparison between the 
F-ratio and F-table on the pooling up strategy shows that the factors that significantly affect the 
compressive strength of concrete tiles are factor B (amount of sand) and factor C (amount of mill 
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flour). The combination of the level of the factor that produces the average value and the optimal 
compressive strength variance of concrete tile is the same, which is obtained from setting the sand 
factor at level 2 of 0.5 Kg (B2) and mill flour at level 1 of 0.4 Kg (C1). Based on the response of the 
influence of factors and signals to Noise Ratio, the best composition is obtained from the comparison 
of factor A (cement), factor B (sand), factor C (mill flour), and factor D (Water) respectively is level 1 
(0.9 kg): Level 2 (0.5 kg): Level 1 (0.4 kg): Level 1 (0.3 kg). Based on the results of the interpretation 
of the results of the calculation of compressive strength of concrete tiles, the results of experiments 
with the Taguchi method to confirmatory experiments have increased in the average value (μ) and 
variability (SNR). So, it is proven that the optimal combination of factors can increase the 
compressive strength of concrete roof tiles. 

 

REFERENCES 
[1] M. Heidari-Rarani, "Optimization of FDM process parameters for tensile properties of 

polylactic acid specimens using Taguchi design of experiment method," J. Thermoplast. 
Compos. Mater., vol. 35, no. 12, pp. 2435–2452, 2022, doi: 10.1177/0892705720964560. 

[2] K. da S. Moreira, "Taguchi design-assisted co-immobilization of lipase A and B from Candida 
antarctica onto chitosan: Characterization, kinetic resolution application, and docking 
studies," Chem. Eng. Res. Des., vol. 177, pp. 223–244, 2022, doi: 10.1016/j.cherd.2021.10.033. 

[3] C. P. Jiang, "Optimization of FDM 3D printing parameters for high strength PEEK using the 
Taguchi method and experimental validation," Rapid Prototyp. J., vol. 28, no. 7, pp. 1260–1271, 
2022, doi: 10.1108/RPJ-07-2021-0166. 

[4] J. Lunagariya, "Application of Taguchi method in activated carbon adsorption process of 
phenol removal from ceramic gasifier wastewater," Environ. Challenges, vol. 6, 2022, doi: 
10.1016/j.envc.2022.100450. 

[5] J. S. Pan, "Maximum power point tracking and parameter estimation for multiple-photovoltaic 
arrays based on enhanced pigeon-inspired optimization with Taguchi method," Energy, vol. 
251, 2022, doi: 10.1016/j.energy.2022.123863. 

[6] M. Kam, "Investigation of the effect of FDM process parameters on mechanical properties of 
3D printed PA12 samples using Taguchi method," J. Thermoplast. Compos. Mater., vol. 36, no. 
1, pp. 307–325, 2023, doi: 10.1177/08927057211006459. 

[7] S. K. Mahla, "Optimization of engine operating variables on performance and emissions 
characteristics of biogas fuelled CI engine by the design of experiments: Taguchi approach," 
Environ. Prog. Sustain. Energy, vol. 41, no. 2, 2022, doi: 10.1002/ep.13736. 

[8] R. Aniza, "Integrating Taguchi method and artificial neural network for predicting and 
maximizing biofuel production via torrefaction and pyrolysis," Bioresour. Technol., vol. 343, 
2022, doi: 10.1016/j.biortech.2021.126140. 

[9] W. H. Chen, "Optimization of a vertical axis wind turbine with a deflector under unsteady wind 
conditions via Taguchi and neural network applications," Energy Convers. Manag., vol. 254, 
2022, doi: 10.1016/j.enconman.2022.115209. 

[10] M. Gul, "Grey-Taguchi and ANN based optimization of a better performing low-emission diesel 
engine fueled with biodiesel," Energy Sources, Part A Recover. Util. Environ. Eff., vol. 44, no. 1, 
pp. 1019–1032, 2022, doi: 10.1080/15567036.2019.1638995. 

[11] M. N. Ahmad, "Application of Taguchi Method to Optimize the Parameter of Fused Deposition 
Modeling (FDM) Using Oil Palm Fiber Reinforced Thermoplastic Composites," Polymers 
(Basel)., vol. 14, no. 11, 2022, doi: 10.3390/polym14112140. 

[12] M. B. Sanjeevannavar, "Performance indicators for the optimal BTE of biodiesels with 
additives through engine testing by the Taguchi approach," Chemosphere, vol. 288, 2022, doi: 
10.1016/j.chemosphere.2021.132450. 

[13] V. Kavimani, "Multi Response Optimization on Machinability of SiC Waste Fillers Reinforced 



46 

Permadi, and Nisa 

Polymer Matrix Composite Using Taguchi's Coupled Grey Relational Analysis," Silicon, vol. 14, 
no. 1, pp. 65–73, 2022, doi: 10.1007/s12633-020-00782-x. 

[14] W. K. Essa, "Taguchi L25 (54) Approach for Methylene Blue Removal by Polyethylene 
Terephthalate Nanofiber‐Multi‐Walled Carbon Nanotube Composite," Water (Switzerland), 
vol. 14, no. 8, 2022, doi: 10.3390/w14081242. 

[15] S. Kumar, "Physico-Mechanical Properties and Taguchi Optimized Abrasive Wear of Alkali 
Treated and Fly Ash Reinforced Himalayan Agave Fiber Polyester Composite," J. Nat. Fibers, 
vol. 19, no. 14, pp. 9269–9282, 2022, doi: 10.1080/15440478.2021.1982818. 

[16] S. Balaji, "Optimization and Prediction of Tribological Behaviour of Al-Fe-Si Alloy-Based 
Nanograin-Refined Composites Using Taguchi with Response Surface Methodology," J. 
Nanomater., vol. 2022, 2022, doi: 10.1155/2022/9733264. 

[17] A. Sharma, "Experimental investigation and optimization of potential parameters of discrete 
V down baffled solar thermal collector using hybrid Taguchi-TOPSIS method," Appl. Therm. 
Eng., vol. 209, 2022, doi: 10.1016/j.applthermaleng.2022.118250. 

[18] N. M. Reang, "Effect of linseed methyl ester and diethyl ether on the performance–emission 
analysis of a CI engine based on Taguchi-Fuzzy optimisation," Int. J. Ambient Energy, vol. 43, 
no. 1, pp. 471–485, 2022, doi: 10.1080/01430750.2019.1653969. 

[19] R. Kumar, "Multiresponse optimization of end milling process parameters on ZE41A Mg alloy 
using Taguchi and TOPSIS approach," Mater. Today Proc., vol. 56, pp. 2497–2504, 2022, doi: 
10.1016/j.matpr.2021.08.271. 

[20] O. A. Falowo, "A novel heterogeneous catalyst synthesis from agrowastes mixture and 
application in transesterification of yellow oleander-rubber oil: Optimization by Taguchi 
approach," Fuel, vol. 312, 2022, doi: 10.1016/j.fuel.2021.122999. 

[21] D. Hou, "Taguchi robust design for adaptive energy management of plug-in fuel cell electric 
bus," J. Energy Storage, vol. 53, 2022, doi: 10.1016/j.est.2022.105038. 

[22] R. R. C. Monteiro, "Improvement of enzymatic activity and stability of lipase A from Candida 
antartica onto halloysite nanotubes with Taguchi method for optimized immobilization," Appl. 
Clay Sci., vol. 228, 2022, doi: 10.1016/j.clay.2022.106634. 

[23] S. Üstüntağ, "Optimization of Coating Process Conditions for Denim Fabrics by Taguchi 
Method and Grey Relational Analysis," J. Nat. Fibers, vol. 19, no. 2, pp. 685–699, 2022, doi: 
10.1080/15440478.2020.1758866. 

[24] K. Rashed, "Fused filament fabrication of nylon 6/66 copolymer: parametric study comparing 
full factorial and Taguchi design of experiments," Rapid Prototyp. J., vol. 28, no. 6, pp. 1111–
1128, 2022, doi: 10.1108/RPJ-06-2021-0139. 

[25] N. Sharma, "Taguchi’s DOE and artificial neural network analysis for the prediction of 
tribological performance of graphene nano-platelets filled glass fiber reinforced epoxy 
composites under the dry sliding condition,” Tribol. Int., vol. 172, 2022, doi: 
10.1016/j.triboint.2022.107580. 

[26] E. M. Sefene, “Temperature-based optimization of friction stir welding of AA 6061 using GRA 
synchronous with Taguchi method,” Int. J. Adv. Manuf. Technol., vol. 119, no. 3, pp. 1479–1490, 
2022, doi: 10.1007/s00170-021-08260-3. 

[27] N. Lokesh, “Evaluation on effect of printing process parameter through Taguchi approach on 
mechanical properties of 3D printed PLA specimens using FDM at constant printing 
temperature,” Materials Today: Proceedings, vol. 52. pp. 1288–1293, 2022. doi: 
10.1016/j.matpr.2021.11.054. 

[28] J. M. Zayan, “Investigation on rheological properties of water-based novel ternary hybrid 
nanofluids using experimental and taguchi method,” Materials (Basel)., vol. 15, no. 1, 2022, doi: 
10.3390/ma15010028. 

[29] N. Rahman, “Graphene oxide/Mg-Zn-Al layered double hydroxide for efficient removal of 
doxycycline from water: Taguchi approach for optimization,” J. Mol. Liq., vol. 354, 2022, doi: 



47 

Permadi, and Nisa 

10.1016/j.molliq.2022.118899. 
[30] M. M. A. Dawoud, “Removal of stable and radio isotopes from wastewater by using modified 

microcrystalline cellulose based on Taguchi L16,” Int. J. Environ. Sci. Technol., vol. 20, no. 2, pp. 
1289–1300, 2023, doi: 10.1007/s13762-022-04073-3. 

[31] P. Halimah and Y. Ekawati, “Penerapan Metode Taguchi untuk Meningkatkan Kualitas Bata 
Ringan pada UD. XY Malang,” JIEMS (Journal Ind. Eng. Manag. Syst., vol. 13, no. 1, 2020. 

[32] N. C. Sukmana, E. Masbuchin, and U. Anggarini, “Optimasi Komposisi Pasir, Foam Agent dan 
Suhu Curing Pada Sintesis Beton Ringan Selular Geopolimer Dengan Pendekatan Metode 
Taguchi,” J. Rekayasa Sipil, vol. 16, no. 1, pp. 1–11, 2020. 

[33] D. Anggraini, S. K. Dewi, and T. E. Saputro, “Aplikasi metode Taguchi untuk menurunkan 
tingkat kecacatan pada produk paving,” J. Tek. Ind., vol. 16, no. 1, pp. 1–9, 2015. 

 


