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ABSTRACT

Taguchi method is a process optimization technidaeinvestigate the effects of various parameters
simultaneously by conducting minimum number of ekpents. This approach helps to select the bestgmtion of
control parameters so that the product or processast robust with respect to noise factors. Thgu@ai method is a
widely used Design of Experiment (DOE), differemirh other conventional ones and it employs varmtisogonal arrays
to systematically vary and test different levelsath of the control factors. The parameters affgdhe product may be
controllable and uncontrollable, so by eliminatittge uncontrollable parameters the cost and perfocmaof the
experiment could be increased. This review studyraguchi method explained the optimum control fexthat can be

chosen for experimental studies in concrete bytiinithe time and resources.
KEYWORDS: Taguchi Method, Robust Design, Orthogonal Arragn@l to Noise Ratio
INTRODUCTION

To determine the effects of various factors whidfeat the results of experiments, different methedsl
approaches were used. The Taguchi methodhelpsltcadhe variations in process through robust desigexperiments.
The main objective of the method is to enhancepttoeluct quality keeping at low cost to the manufeaat Therefore,
poor quality in a process affects not only the nfiacturer but also society. This is a method forigieéag experiments to
investigate how different parameters affect the nmmaead variance of a process performance charaatetiat defines how

well the process is functioning.

The experimental design proposed by Taguchi corsidarious orthogonal arrays to organize the paraise
affecting the process and decides the levels athwitiey should be varied. By determining the faxtehich mostly affect
the product quality with a minimum amount of expegntation, it allows for the collection of the nssary datathus
saving time and resources. By analysing the vagisuon the collected data from the Taguchi desigexpériments, a new

set of parameter values can be selected to optitmézperformance characteristic.
TAGUCHI METHOD

Taguchi method is a statistical method develope@érichi Taguchi during the 1950s as an optimiratimcess

technique. It is used for optimizing the procesexjferimentation in an effort to improve robust aledign productivity
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and enhance product quality. The idea behind rodbesign is to improve the quality of a product byimizing the effects
of variation without eliminating the causes (sitisey are too difficult or too expensive to contrdaguchi’s approach to
parameter design provides the design engineer avilystematic and efficient method for determinirggmoptimum

design parameters for performance and cost.

In parameter design, there are two types of fact@saffect a product’s functional Characteristiontrol factors
and noise factors. Control factors are those faatdrich caneasily be controlled. Noise factorsfacéors that are difficult
or impossible or too expensive tocontrol. Thesepairarily response for causing a product’s perfamnge to deviate from
its target value. Hence, parameter design seakiemdify settings of the control factors which make product insensitive
to variations in the noise factors, therefore mée product more robust, without actually elimingtithe causes of

variation.

The Taguchi method is a very efficient optimizattonl that uses orthogonal arrays (OA). These aylelyrmixed
experimental designs in which a maximum amount afnneffects are tested with a minimum number ofeeixpents.
Using an OA to design the experiment helps thegiesito study the influence of multiple controlalfhctors on the
average of quality characteristics and the vanatim a fast and economic way. OA's allow screerdotfew important
main effects from the many less important oneso Atisllows us to estimate interaction effectsnfand determine their
significance. Commonly used OAs include thg I, L1s, Lig Lig, and Lyg. The columns in the OA indicate the factor and
its corresponding levels, and each row in the OAstitutes an experimental run which is performethatgiven factor
settings. Selecting the number of levels and qgtiestproperly constitutes the bulk of the effortplanning robust design
experiments. Table 1,2&3 shows some orthogonalysrrBach orthogonal array is uniquely defined byode and it

allows selection of appropriate arrays dependinthemumber of parameters and their stages.
In the code |(m)
* n: number of lines
e m: number of parameter levels
e ki number of parameters

Table 1: Representation of L, (2°) Array

FACTORS
RUN A B C
1 1 1 1
2 1 2 2
3 2 1 2
4 2 2 1

Table 2: Representation of lg (2) Array

FACTORS
RUN A B C D E F G
1 1 1 1 1 1 1 1
2 1 1 1 2 2 2 2
3 1 2 2 1 1 2 2
4 1 2 2 2 2 1 1
5 2 1 2 1 2 1 2
6 2 1 2 2 1 2 1
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~

2 2 1 1 2 2
8 2 2 1 2 1 1 2

[N

Table 3: Representation of I5(3%) Array

FACTORS
RIN TATeTcIopD
1 1 1] 1] 1
2 1 2] 2] 2
3 1] 3] 3] 3
4 2 [ 1] 2] 3
5 2 [ 2| 3] 1
6 2 [ 3| 1] 2
7 3| 1] 3] 2
8 3| 2| 1] 3
9 3| 3] 2] 1

Taguchi uses two experimental designs for its @rpartal procedure, called inner and outer arrayiscéntrol
factors are placed in the inner array, while alsadactors are considered in the outer array. Eactor level combination
of control factors from the inner array is testg@iast various combinations of the noise factortha outer array. The
behaviour of each factor level combination of cohtactors can be tested under the influence adenéactors. It should be
noted that a variation of the control factors dueepeated measures, such as adjustment erronied in with the noise
factors. This means that the corresponding uncgytaian be regarded as an inner noise factor asdthie system is
designed to be robust against these noise fadtbescombination of the “inner array” and “outeragft constitutes what is
called the “product array”. The product array i®digo systematically test various combinationshaf tontrol factor
settings over all combinations of noise factorsrafthich the mean response and standard deviatynbe approximated

for each run. The preferred parameter settingshere determined through analysis of the “signatadse” ratio.
Signal-To-Noise Ratio

Taguchi method uses the S/N ratio (signal-to-nois)jch is a performance characteristic, insteathefaverage
value to interpret the trial result data into aueafor the evaluation characteristics in the optimgetting analysis. This

ratio expresses the scatter around a target value.
There are three standard types of SN ratios depgrdi the desired performance response
* Smaller the Better (For Making the System Responsas Small as Possible)
The S/N can be calculated as given in equation 1
1
S/N = ~10log (; I, v*)

 Nominal the Best (For Reducing Variability around a Target). The S/N can be Calculated as given in

Equation 2
S/N = —10log (%Zinzl(Yi - YO)Z)

« Larger the Better (For Making the System ResponsesaLarge as Possible). The S/N can be Calculated as

Given in Equation 3
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1 1
S/N = —10log (> {'zly?)
Where Yi is a performance value of thgtiial and n is the number of repetitions for arerkmental combination.
LITERATURE REVIEW

Achievement in experiments based on properly degigduct. In some cases, it is necessary to stady lot of
combinations of experiment. This is difficult topdyp it for user and need more time. The Taguchihmétof experiments
is a statistical tool based on the systematic aggtraof conducting minimal number of experimentsngsorthogonal
arrays. Traditionally, this method has been usegrealict the significant contribution of each desigariables and the
optimum combination of design variables by condwgt real time experiment. Atill and Unver reportieat the design of
experiments using Taguchi method is more efficienmpared to statistical methods. By choosing projesel
combinations of various independent variablesntimaber of experiments is reduced considerablyhAtsame time, there
is no loss of any information due to reduction afrber of experiments. Taguchi’s target was miningsihe variation
around the target and improve the quality. Usind Earning this technic for engineers, scientistd eesearchers, time

needing in researches is become less. [1]

Ozbayet. allnvestigated mix proportions of highesgth self-compacting concrete by using Taguchihoubt
The mixtures are designed in g brthogonal array with six factors such as wateneetitious material (W/C) ratio, water
content (W), fine aggregate to total aggregate eagrdly ash content, air entraining agent contant superplasticizer
content.They reported that Taguchi method is a iogn approach for optimizing mix proportions ofghi strength
self-compacting concrete to meet several freshtardened concrete properties. Taguchi method caplify the test
protocol required to optimize mix proportion of higtrength self-compacting concrete by reducingnimmber of trial
batches. [2]

Shariqg et al evaluated the various mix proportiassng full factorial design. Empirical relationskigdor
compressive strength were derived as function of imgredients. Design of concrete mixes is infleshdy various
factors, which depends upon the sources of madesiadl their properties, method of preparation,grtaant, compaction
and curing of concrete, and the requirement of @straction job. For an aggregate from a particslaurce having a
specific grading the optimum design of a concreiteinvolve selection of proportions of ingredienitst yield concrete of
the desired strength, workability, and durabilityranimum cost. The most important factors whicfiuence are the water
cement ratio (W/C), aggregate-cement ratio (TA/@J the coarse aggregate to total aggregate rafiéT&). Since these
factors are interdependent hence study for vamousbinations is necessary. They created a statistiodel for concrete
strength as a function of w/c ratio, CA/TA ratiodaRA/C ratio in terms of interpolating polynomiaa$been established.

Good agreement is found between the computed gretiexental values. [3]

Ramaswamy used Taguchi Technique to conduct peaforen based optimization studies on the design
fireworks industrial structures. The existing constion guidelines are inadequate to resist agaimesfailure or collapse
of brick masonry structures in the event of an @d&cial explosion. Therefore an attempt is made¢atify the optimum
structure or configuration which can perform saiisbrily against such accidental explosions. Taghaked optimization
technique using Minitab software was used to aretvehe ideal model structure for fireworks indistbuilding that
shows satisfactory performance against the acatlemplosive loading. From the main effects plowvas observed that

the slopes of line is reducing in the order of whitkness, roof design and shape of the buildiigan graph illustrates
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that the brick masonry model having 230 mm thickl whsquare shape and tapered roof design carobsidered as the
best. [4]

Nuruddin and Bayuaji investigated on the applicatid Taguchi’'s approach in the optimization of podpn for
microwave incinerated rice husk ash foamed concidte mixtures are designed in L16 orthogonal awily five factors.
They are microwave incinerated rice husk ash (midwmtents, water cementitious ratio (w/c), sanchewst ratio (s/c),
superplasticizer (sp) content, foam content. Th& pessible levels of mix proportions are determiif@ maximization
through compressive strength, splitting tensilersjth, UPV. Dry density, porosity, and water abSorpcan be really

minimized by the proposed optimum mixture propav$iof5]

Turkmen et al carried out a study on the investigabf some physical properties of concrete producem
mineral admixtures using Taguchi approach. Theydooaut that Taguchi method can successfully beieghpb physical
properties of high strength concrete to save endirgg, and material in experimental study. Theédecconsidered in this
investigation were mineral admixture, water-to-l@ndatio, curing regime and curing time. The resshows that the
durable mixtures to be the one prepared with 10asiume and 5% blast furnace slag. Due to thstewce of too many
material content of self-compacting concrete, a lmemof experiments were conducted to opt a suitaldkture satisfying

the needed requirements of self-compacting cond@te

Hadiwidodo and Bin Mohd conducted studies for testigation of Freshened Properties of Self-Conipgc
Concrete using Taguchi experimental design. Sixrobfactors, namely, contents of coarse aggregated, cement, silica
fume, water and super plasticizer were used. Tédtref this study showed that Taguchi method jsamising approach

for optimizing mix proportions of SCC to meet sealdreshened concrete properties. [7]

Tan et al made an investigation using Taguchi sggrdor optimization of the bleeding on cement-dageuts.
The effect of the bentonite (B), fly ash (FA) ailita fume (SF) on the bleeding of cement-basedigravere considered.
L16 orthogonal array (OA) with three factors andrftevels were used. The results showed that Silioze is the most
effective material for the bleeding. The bleedirgcrdased with the increase in SF and B ratio, witilre was no

noticeable difference with the increase of FA. Alse optimum conditions for minimum bleeding weverid out.[8]

Tanyildizi and Sahin carried out a study for optiaiion of concrete strengthened with polymer aftgh
temperature using Taguchi method. They investigatadistically the importance of experimental pastars on the
compressive strength and ultrasonic pulse velooitghe concrete strengthened with polymer afterosype to high
temperature. The main parameters of experiments s&ected as the polymerization type, the pergené silica fume,
and heating degree. The significance levels ofetkgerimental parameters, which indicate how theofacaffect the
compressive strength and ultrasonic pulse velowire determined by using variance (Anova) metfidie ANOVA
results showed that the silica fume percentagethesnost significant effect onthe compressive gfiterand ultrasonic
pulse velocity [9]

CONCLUSIONS

Taguchi method is the most feasible method to redihe number of experiments. It helps to identig t
influence of factors in a particular experiment. regression analysis, analysis of variance tablpsh® identify the
contribution percentage of factors in a partic@aperiment. While using Taguchi method in an experit, can predict

the response characteristics for selected facttws result optimization is easily possible with Hedp of Taguchi method.
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