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Abstract

This manuscript presents the outcome of an experimental investigation conceded out to optimize the

mix proportions of the concrete by the Taguchi method of parameter design. In order to reduce the

number of mix combination in concrete, the Taguchi method is used. In this project the cement sand

and aggregate are partially replaced by cement as fly ash, river sand as M-sand and the compression

values are taken and the value is compared with the conventional concrete special concrete

compression value is compared with the conventional concrete and S/N value is taken from the

compression value and the comparison of the values are done. In order to attain good strength and to

avoid cracks, sisal fiber is added in the concrete with a percentage of (1, 1.5, and 2).

Introduction

Sisal fibre concrete based application such as agricultural: farm and animal storage structure, wall,

silos, paving, etc. commercial: Exterior and interior floors, polished concrete, slabs, parking areas and

roadways. Elevated Decks: Commercial and industrial composite steel deck construction and elevated

formwork at airports, commercial buildings, shopping centers, etc. highways, roadways & bridges:

sound attenuation barriers etc. mining & tunneling, Ports & Airports, Precast Concrete & Products,

Residential, Structural Reinforcement, Warehouse & Industrial, Waterways.
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Sisal fiber reinforced cement composites were studied by K. Bilba, M.A. Arsene and A. Ouensanga

Various fibre-cement composites were prepared and influence various parameters on the setting of the

composite materials were studied. Botanical components, thermal and chemical treatment of Sisal

fibres were also studied. The natural fibre composites may undergo a reduction in strength and

toughness as a result of weakening of fibres by the combination of alkali attack and mineralisation

through the migration of hydrogen products to lumens and spaces. Romildo D. Toledo Filho, Khosrow

Ghavami, George L. England and Karen Scrivener (2003) reported their study on development of

vegetable fibre-mortar composites of improved durability.

The fly ash is used in various applications such as Fill Material, Fly ash in Concrete, Fly ash in Portland

cement concrete, Fly ash for Roads, Fly ash Bricks, Fly ash Product-Mosaic tile, Light Weight Aggregates.

In this, the Taguchi method are used to optimize the combination of a selected parameters because it

has so many numbers of combination that is a full factorial method and it is difficult to do project so

that Taguchi method are used to optimize the number of combination to make the project cost-

effective [1]. The concrete mix designs are done by the L9 orthogonal array that is 34. When a new

material is used in the concrete all the mix variables are taken into account so that it may cost so much,

it means more need for money and material, personnel, time. In order to reduce the number of mix

combination in concrete, the Taguchi method is used In this the materials are partially replaced with

cement to fly ash, Sand to m-sand, and coarse aggregate is replaced by the selected percentage and

sisal fiber is added to avoid the cracks fiber is mixed with the concrete and cubes are casted.

An advantage of the Taguchi method is that it emphasizes a mean performance characteristic value

close to the target value rather than a value within certain specific limits, thus improving the product

quality. Additionally, Taguchi's method for experimental design is straightforward and easy to apply to

many engineering situations, making it a powerful yet simple tool. It can be used to quickly narrow the

scope of a research project or to identify problems in a manufacturing process from data already in

existence (Fraley et al., 2006). The main disadvantage of the Taguchi method is that the results

obtained are only relative and do not exactly indicate what parameter has the highest effect on the

performance characteristic value [3]. Also, since orthogonal arrays do not test all variable

combinations, this method should not be used with all relationships between all variables. Taguchi

method has been criticized in the literature for its difficulty in accounting for interactions between

parameters. Another limitation is that the Taguchi methods are offline, and therefore inappropriate for

a dynamically changing process such as a simulation study. Furthermore, since the Taguchi methods

deal with designing quality rather than correcting for poor quality, they are applied most effectively at

early stages of process development (Unitek Miyachi Group, 1999).

The concrete cube should be properly cast and the compaction should be done properly so that no air

bubbles will not be present inside the concrete cube. After the concrete cube are cast. The cubes are

cured and they are tested for 7 days, 14 days and 28-day compression test [2]. This test is done in a

compression machine. The outcome of an experimental study carried out to optimize the mix size of

the concrete by the Taguchi method. The compression values that are conventional concrete and

special concrete compression value are compared with the conventional concrete so that we will get a
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compression graph and S/N value is taken from the compression mean value. The mean value and the

S/N values are plotted in the graph so the graphs are compared and we can get a final value.

Section snippets

Cement

Ordinary Portland cement (7.5 Grade) was used in all test specimen. Properties are tested by referring

IS 12269-1987. The specific gravity of cement was 3.13. Standard consistency of cement is 34%. The fly

ash was used as a partial replacement of cement by different proportions.…

Fly ash

Fly ash is one of the binding materials used in this project with cement and it is partially replaced with

cement. Fly ash particles are totally spherical in shape, allowing them to flow and blend freely in

mixtures [2]. …

Methodology

Taguchi technique is a tool for optimizing the recital characteristic of a process. The aim of the research

is to spot and design the method parameters that optimize the chosen quality characteristic and they

are least to noise factors [5]. In the current study, the goal of the job is to see the effects of the method

parameters on the concert and the optimum blend of control factors that would increase the

compressive strength of the concrete which is elected as the quality attribute. The…

Result and discussion

The universal testing machine is used to measure the compressive strength of the concrete cubes. The

three compression readings are recorded for each combination as shown in Table 5. These parameters

are taken from a designed experiment to analyze the mean function.

Generally, there are three standard S/N equations are widely used to classify the objective function-

larger the better, smaller the better or nominal the best.

In the present study compressive strength should be larger so that and our …

Conclusion

The parameters of the mix design are optimized by Taguchi method. An L9 orthogonal array with four

control factors and three levels. Selected parameters along with the levels are; water/ binding ratio

(0.40, 0.45, 0.50); fly ash (20, 25, 30); M-sand (30, 35, 40); sisal fiber (1, 1.5, 2). In this orthogonal
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combination (2, 1, 2, 3) gives more strength when compared with other orthogonal combination. The

forth combination of orthogonal array (L9) is considered as the most optimum level as…

Special issue articles Recommended articles

References (5)

P.K. Chang et al.

A study on the hydration properties of high performance slag concrete analyzed by SRA

Cem. Concr. Res. (2003)

K.V. Sabarish

Experimental studies on partial replacement of cement with fly ash in concrete elements

Int. J. Civ. Eng. Technol. (2017)

There are more references available in the full text version of this article.

Cited by (7)

Graphene/nickel/carbon fiber composite conductive asphalt: Optimization, electrical

properties and heating performance

2022, Case Studies in Construction Materials

Citation Excerpt :

…The three levels for the three factors of this experiment are shown in Table 5 [67]. Accordingly, an L9(34) (“L”

refers to the orthogonal table, and “9” refers to the number of test groups [68–70]) orthogonal array was obtained

to guide the subsequent experiments, as listed in Table 6 [71,72]. During the orthogonal experiments, the notations

(A, B and C) represent Ni, CF and Gr, respectively.…

Show abstract

An analysis of acetic and sulphuric acids reaction in concrete elements with taguchi

optimization method

2020, Materials Today: Proceedings

Citation Excerpt :

…Figs. 1-4. It is one of the imperative binding materials (Pozzolanic materials) in the concrete world [14–20]. In

this research it was partially mixed with constant cement material with plethora of combinations (nine

combinations) [21–26].…

https://www.sciencedirect.com/science/article/pii/S0008884602010050
https://www.sciencedirect.com/science/article/pii/S2214509522005344
https://www.sciencedirect.com/science/article/pii/S2214785320345533


2/1/24, 11:43 AM Optimizing the concrete materials by L9 orthogonal array - ScienceDirect

https://www.sciencedirect.com/science/article/abs/pii/S2214785319329359 5/6

Show abstract

An anatomization of concrete elements with Taguchi optimization method

2020, Materials Today: Proceedings

Citation Excerpt :

…The cube size of about 100 mm is opted for both conventional method and special concreting method. All cubes

were casted and allowed for 28th and 60th respectively for curing [26]. The empty cube weight should have been

measured for further calculations.…

Show abstract

An experimental analysis on structural beam with Taguchi orthogonal array

2020, Materials Today: Proceedings

Citation Excerpt :

…Also, since orthogonal arrays do not test all variable combinations, this method should not be used with all

relationships between all variables. Taguchi method has been criticized in the literature for its difficulty in

accounting for interactions between parameters [6]. Another limitation is that the Taguchi methods are offline, and

therefore inappropriate for a dynamically changing process such as a simulation study.…

Show abstract

Effects of Factors on the Market Price of the Shares Using Design of Experiment

2023, Applied Mathematics and Information Sciences

Effects of early-age temperature and salt ion corrosion on the macroproperty deterioration

of concrete and corresponding micromechanism

2022, Archives of Civil and Mechanical Engineering

View all citing articles on Scopus

View full text

© 2019 Elsevier Ltd. All rights reserved. Selection and peer-review under responsibility of the scientific committee of the International

Conference on Materials Engineering and Characterization 2019.

https://www.sciencedirect.com/science/article/pii/S2214785320368826
https://www.sciencedirect.com/science/article/pii/S2214785319337320
https://doi.org/10.18576/AMIS/170313
https://doi.org/10.1007/s43452-022-00420-w
http://www.scopus.com/scopus/inward/citedby.url?partnerID=10&rel=3.0.0&eid=2-s2.0-85084204068&md5=e1d2c76f62ceb4eaab3fb39aab7c2e6
https://www.sciencedirect.com/science/article/pii/S2214785319329359


2/1/24, 11:43 AM Optimizing the concrete materials by L9 orthogonal array - ScienceDirect

https://www.sciencedirect.com/science/article/abs/pii/S2214785319329359 6/6

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://www.elsevier.com/
https://www.relx.com/

