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Abstract

In this modern construction world, the infrastructural development in the concrete plays a pivotal role.

Due to huge demand in the concrete ingredients such as cement which act as binding materials, fine

aggregates and coarse aggregates which act as filling materials in the concrete, the material price has

been increasing. In this manuscript, the analysis on Flexural and Saturation water absorption test with

concrete elements, with conjunctions of various substitutes for concrete materials like fly-ash, M−sand

and additive sisal fibre. To minimize the overutilization of concrete materials, the optimization method

is incorporated to diminish the total volume of materials required for concreting. This paper focusing

on the Taguchi optimization method with L9 orthogonal array to identify the most optimum

combination for the best results with minimum resources and the impact of each parameter are

identified by sound-to-noise ratio. The Grey relational analysis (GRA) is also identified to cross examine

the Taguchi optimized responses. The ANOVA is used in the experimental variances to analyse its range

of acceptances.

Introduction

The huge volume of cement is produced every day for full filling the construction need for the

improvement of world infrastructure. The emission of CO  is enormous and which relatively influence
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greenhouse gas [1]. A lot of alternatives were reinforced to balance the construction needs as well as

not to affect the environment [2]. But still, one of the best bending materials so far discovered was fly

ash, which utterly acts as the best binder with cement. In this project, the partially mix fly ash of good

quality with cement material with appropriate proportion. Due to lacking Natural River sand and

exorbitant increasing in price which creates demand for river sand for construction, which unable to

provide for rapid construction speed. To neutralize this issue the artificial sand like materials this

formulated for compensation. The fine sand alike materials from crushing the stone mountains called

quarries [3]. Nowadays these manufactured sand are used in small, medium and large scale

constructions. Plethora of research on fully (100%) of M−sand replacing of river sand. The mechanical

and physical properties are identified and which practically satisfied all components. In this project,

the partially mix M−sand of good quality with river sand with appropriate proposing [4].

Fly-ash is the imperative materials (Pozzolanic materials) in the concrete industries. The fly ash is also

used as a one of the binding material along with cement [5]. In this research it was partially mixed

with constant cement material with plethora of combinations (nine combinations). The quality of fly

ash like Fineness property, Specific gravity and Consistency was analysed with its properties and it’s

well suited for mixing various combinations in the concrete [6]. In these recent years the usage of

manufacture sand is inevitable. The properties different between manufacture sand and ordinary river

sand had been identified and analysed [7]. Since last decade plethora of research has been done in the

effective usage of M−sand in the contemporary construction field [8]. In this project different

percentage of M−sand is partially mixed with various combinations in L9 Taguchi orthogonal arrays [9].

In present-time the role of fibres in the strength of concrete is enormous [10]. The fibres are broadly

classified in to natural and artificial fibres [11]. In this project the centralize on one of the natural fibre

called sisal as shown in the Fig. 1. The sisal fibre is extracted from a desert plant called cactus as shown

in the Fig. 2. In this project it’s been incorporating sisal fibre in concrete with various propositions [12].

The fibre length 50 mm; fibre diameter 0.1 mm-0.12 mm and aspect ratio (l/d) is 416–500.

Section snippets

Taguchi orthogonal array

The L9 Taguchi optimization method is also called as fisher’s factorial concept.The Taguchi Orthogonal

Array helps to use a few combinations to determine the best solution instead of trying all possible

combinations [13]. This optimization method can be used to identify the combinations that will give

the maximum or minimum values using a L9 orthogonal array [14]. This method or concept was

initially used for agricultural purpose [15].This optimization can be defined as the method to…

Flexural test

Flexural test is one of the imperative properties in the concrete elements. The sample size is

(500*100*100) mm this test can be performed based on single point load or two point load based on
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the requirement. The test is conducted based on IS: 516 – 2002, the specimen is tested once after taken

out from the curing tank for testing to avoid surface drying which will reduce the flexural strength

[20]. Firstly, specimen should be placed on the loading. The surface finished by the hand is commonly

…

Conclusion

• From the manuscript it’s explicit that, the identified combination C4 is efficient from the

experimental test results (flexural and saturated water absorption).…

• The grey relations analysis (GRA) value also analysis the fourth combination has the most optimal

responses.…

• From the S/N ratio the sisal fiber parameter which dominates the influence in the concrete strength

compared to others parameters.…

• C4 has maximum results compared to other eight combinations in the flexural test and C4 reflect…

…

Declaration of Competing Interest

The authors declare that they have no known competing financial interests or personal relationships

that could have appeared to influence the work reported in this paper.…

Special issue articles Recommended articles

References (30)

J.A. Ghani et al.

Application of Taguchi method in the optimization of end milling parameters

J. Mater. Process. Technol. (2004)

T. Erzurumlu et al.

Minimization of warpage and sink index in injection-molded thermoplastic parts using

Taguchi optimization method

Mater. Des. (2006)

H. Oktem et al.

Application of Taguchi optimization technique in determining plastic injection molding

process parameters for a thin-shell part

Mater. Des. (2007)

https://www.sciencedirect.com/science/article/pii/S0924013603008653
https://www.sciencedirect.com/science/article/pii/S0261306905001019
https://www.sciencedirect.com/science/article/pii/S0261306906000100


1/31/24, 11:51 AM An anatomization of concrete elements with Taguchi optimization method - ScienceDirect

https://www.sciencedirect.com/science/article/abs/pii/S2214785320368826 4/5

W.P. Yang et al.

Design optimization of cutting parameters for turning operations based on the Taguchi

method

J. Mater. Process. Technol. (1998)

J.Z. Zhang et al.

Surface roughness optimization in an end-milling operation using the Taguchi design

method

J. Mater. Process. Technol. (2007)

M. Nalbant et al.

Application of Taguchi method in the optimization of cutting parameters for surface

roughness in turning

Mater. Des. (2007)

L.K. Pan et al.

Optimization of Nd: YAG laser welding onto magnesium alloy via Taguchi analysis

Opt. Laser Technol. (2005)

T. Ganapathy et al.

Performance optimization of Jatropha biodiesel engine model using Taguchi approach

Appl. Energy (2009)

C.J. Tzeng et al.

Optimization of turning operations with multiple performance characteristics using the

Taguchi method and Grey relational analysis

J. Mater. Process. Technol. (2009)

K.V. Sabarish et al.

Optimizing the concrete materials by L9 orthogonal array

Mater. Today: Proc. (2020)

View more references

Cited by (2)

Fabrication of Sound Absorption Gypsum/Hempcrete Composite with Robust Antistatic

Electricity by Taguchi Optimization Method

2022, Journal of Natural Fibers

https://www.sciencedirect.com/science/article/pii/S092401369800079X
https://www.sciencedirect.com/science/article/pii/S0924013606009393
https://www.sciencedirect.com/science/article/pii/S0261306906000173
https://www.sciencedirect.com/science/article/pii/S0030399204000349
https://www.sciencedirect.com/science/article/pii/S030626190900052X
https://www.sciencedirect.com/science/article/pii/S0924013608005529
https://www.sciencedirect.com/science/article/pii/S2214785319329359
https://doi.org/10.1080/15440478.2022.2135668


1/31/24, 11:51 AM An anatomization of concrete elements with Taguchi optimization method - ScienceDirect

https://www.sciencedirect.com/science/article/abs/pii/S2214785320368826 5/5

The experimental process design of artificial lightweight aggregates using an orthogonal

array table and analysis by machine learning

2020, Materials

View full text

© 2020 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license

(https://creativecommons.org/licenses/by-nc-nd/4.0). Selection and peer-review under responsibility of the scientific committee of

ICAMMM 2020.

All content on this site: Copyright © 2024 Elsevier B.V., its licensors, and contributors. All rights are reserved, including those for text and data mining, AI training, and similar

technologies. For all open access content, the Creative Commons licensing terms apply.

https://doi.org/10.3390/ma13235570
https://www.sciencedirect.com/science/article/pii/S2214785320368826
https://www.elsevier.com/
https://www.relx.com/

