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Abstract

It is essential to conduct more number of experiments and
more numbers of trials are involved in research works to find
the optimum results. Taguchi method of design of
experiments is very useful tool for optimizing the
experimental design to get better output with minimum
number of trials. The design of experiment (DOE) reduces the
time and materials for conducting the experiments. Taguchi
method is one of the statistical tools of partial factorial
method using orthogonal array suggested and designed by
Taguchi. The experiments were conducted on L4 and L18
Orthogonal array for M60 and M30 grade of concrete were
used respectively and analysis were made to find S/N
ratio(Signal to Noise ratio), main effects, ANOVA (Analysis
of variance),optimum trial condition, total contribution from
all the factors, current grand average performance and
Expected result at optimum condition.

Keywords: Compressive strength, Optimization, Taguchi
method, Design of experiment, S/N ratio (Signal to Noise
ratio), ANOVA.

Introduction

Many research works are carried out by Nano technologist in
wide fields such as electronic, electrical, mechanical,
automobile, medical, agricultural, chemical, and civil and
other streams of Engineering. Nanotechnology is one of the
emerging fields and it helps in many engineering and science
researches. Many application of nanotechnology can improve
the performance and properties of traditional materials. The
new materials are bringing out by different product to the
infrastructure society with various forms of Nano materials
such as nanoparticles, Nano fibres, nanotubes, nanowires and
anticorrosive Nano coatings in the construction industry and it
improves the performance of the structures as well as
economy of the country. Nanotechnology also involves in
many streams in civil engineering works such as construction
materials, water purification, and energy consumption by solar
cells and insulation, traffic engineering, soil improvement etc.
The investigation attempt to evaluate the strength of high
performance concrete with fly ash through well-defined
experimental studies comprising mix design methodology and
to study the effect of different trial condition that ensure
higher strength. All the materials with Nano size of particles

like Nano cement, Nano sand, Nano silica, Nano alumina,
Nano Calcium oxide, Nano zinc oxide, Nano iron oxide
increases the properties of each materials and enhance the
strength and durability of concrete.

The effects of size of the Nanoparticles are playing a major
role in civil engineering materials. If decreases the size of the
Nano particles occupy the pores present in the cement, fine
aggregate and coarse aggregate. The Nano particles filled in
the voids presents in between the micro pores in the cement
particles, thereby the strength of concrete increased (1). Nano
silica is extensively used among all the other Nano particles
which improves the cementitious and mechanical properties of
concrete (2),(3). Nano particles can be used to enhance the
strength properties in all the types of concrete such as light
weight concrete, self-compacting concrete (4), air entrained
concrete, no-fines concrete, floating concrete, high density
concrete, high performance concrete etc., Nano silica has
99.5% of amorphous content which gives pozzolanic action
by forming C-S-H gel(5). Amorphous Nano silica in concrete
increases the compressive strength and reduce the pore
structure and densify the micro structure of concrete due to its
pozzolanic property and forming C-S-H gel by hydrated
particles and it reduces the calcium leaching. (6-19).

Design of Experiments

Taguchi method of Design of Experiments is suitable for
researchers to find many solutions by conducting few
experiments and interaction studies can be possible by using
this method. It is a statistical tool for optimize the strength of
concrete using minimum number of trials suggested by
Taguchi. It is a useful statistical tool to design the experiment
to optimize the product and process design. Orthogonal array
selected based on the parameters involved in the work and to
conduct the experiment based on Taguchi suggested OA
(Orthogonal Array).This orthogonal array is partial factorial
method selected from full factorial design. In Taguchi method
of design of experiments gives the effect of individual factor
influence in the various ingredients in concrete mixture.
Interaction studies are possible in this method.

Using Taguchi method in the experimental work and
parameter design consists selected factors such as mineral
admixture, water to binder ratio, curing type and time. The
physical properties of concrete with the reducing capillarity
coefficient, capillarity porosity also decreased. 10% of silica
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fume and 5% of Blast furnace slag in concrete indicate more
durable one as mentioned by BrahimTu et al. 2008(19). L18
orthogonal array selected in high strength self-compacting
concrete consists of various factors and tests on compressive
strength, splitting tensile strength, Ultrasonic pulse velocity,
minimization of air content, water permeability and water
absorption values for optimum level condition. Erdog an
OZbay et al.(20) concluded that this method is suitable for
optimizing the parameters design. Taguchi method used in
recycled aggregate concrete for optimizing the mixture
proportioning for electrical resistance and better compressive
strength. Flow chart showing all the steps involved in the
process of experimental works by using Taguchi method of
design of experiments is given in Figure 1.

The optimum trial condition is determined to be 0.4 of W/C,
100% Recycled coarse aggregate, 15% recycled fine
aggregate and 0% of slag for replacement as investigated by
Hsiao, T.C et.al (22). L16 (4°) orthogonal array chosen for
Concrete mixture designed with 3 factors namely Water /
Cementitious material(W/C) ratio, air entraining agent volume
fraction in total aggregate. Analysis of variance is used by
Zhang.N etal (2011) (22)for analysing the experimental
values. In Taguchi method there are 2 major designs of
experiments such as Product design and Process design.
Process parameter design of optimization for fly ash bricks.
L9 Orthogonal array with 4 factors of 3 levels each. The
estimated optimum values of the process parameters are
water/binder ratio of 0.4, fly ash of 39%, coarse sand of 24%,
and stone dust of 30% as experimented by Chaulia, P.K et al
(23).

In present work statistically designed experiments are carried
out as specified by an orthogonal array. Using Analysis of
Variance (ANOVA), the percentage contribution of all the
process control factors on the target compressive strength was
calculated. Response characteristics were drawn for each
factor using the main effects calculated from S/N ratio.

At the best levels of factors suggested by Taguchi method, the
compressive strength achieved is more in M30 grade of
concrete compared with M50 grade at 28 days of curing,
which is an increase of 42.35 % over the strength achieved by
the conventional method designed as per Indian standard
specifications.

Fig. 1 Flow chart - Steps involved in the process of design
of experiments using Taguchi method

Materials and Methods
Ordinary Portland Cement (43 grade), river sand as fine
aggregate, granite as coarse aggregate, fly ash obtained from
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Neyveli Lignite Corporation, rice husk ash, two different
types of chemical admixtures were used namely Sulphonated
Naphthalene Formaldehyde and Acrylic Polymer and Nano
silica were also used in concrete mixture in colloidal form.
Properties of materials used in concrete mixture and chemical
composition in cement and Nano silica given in Table No.1, 2
& 3 respectively.

Table.1 Specific gravity of materials used in experimental

works
SL.No. Physical properties Specific
gravity
1 Cement 3.16
2 Fly ash 2.74
3 Nano silica 1.22
4 Sulphonated Napthalene 1.24
formaldehyde
5 Acrylic polymer 1.19
6 Rice husk ash 3.47
7 Sand 2.60
8 Coarse aggregate 2.80
9 Rock dust 3.64

As per IS 456(2000) size of the mould 150 x 150 x150mm
were used. By using design of experiment L4, L18 Orthogonal
array (Table - 4) chosen and cast concrete cubes based on
levels given by Taguchi method. In present investigation two
different grades of concrete M30 and M60 considered for
comparing the results with conventional concrete. The two
methods of design of experiments such as Process design and
Product design involved in this work. The concrete cubes cast
and tested in compression testing machine.

Table 2. Chemical Composition of Portland cement

Contents | Percentage in cement
SiO; 209

Al,0; 4.60

Fe, O3 3.15

SO; 3.60

CaO 62

MgO 2.00

Table 3.Chemical analysis of Nano silica (colloidal form)

Contents Composition in %
SiO, 99.4%

Na,O 0.45%
Al,0; 0.075%
Sulphate <0.1%

Fe (ppm) 25%
Ca(ppm) 10%
Zn,Pb,Cu (ppm) <0.1

Table 4. L18 Orthogonal array

N 0 2
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Trial 18

The above table shows that the control factors for M30 grade
of concrete and their levels which is used to conduct the
experiments to optimize the strength of concrete by reducing
the number of trials by partial factorial method.

Experimental Results:

Table 5. Control factors for M30 grade of concrete

S.No. Factors Level Level | Level
1 2 3
1 Curing Type Water Hot
Air
2 Coarse Aggregate Normal | Graded
3 Cement / Fly ash 100/0 | 75/25 | 50 /50
4 WI/C Ratio 0.35 0.42 0.45
5 Sand / Rock Dust 100/0 | 75/25 | 50/
50
6 Nano Silica 1% 1.5% 2%
7 Sulphonated 0% 05% | 0.75%
napthalene
Formaldehyde
8 Acrylic Polymer 0% 05% | 0.75%

Table 6.Trial Condition for M30 grade of concrete (4™"
Trial in an orthogonal array)

Factors Level Description | Level
Curing type Water 1
Coarse aggregate Graded 2
Cement/Fly ash 100/0 1
W/B ratio 0.35 1
Sand/Rock dust 75/25 2
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Table 8. Main Effects of the levels and factors - M30 grade

of concrete
Sl Factors Level | Level | Level L2-
No. 1 2 3 L1

100 7

50
Compressive 7th day
strength (N/mm?) 0 -

MW 28th day
1 3 5 7 9 11 13 15 17

Number of experiments

Curing type 29.67 | 26.93 0 -2.74

Coarse aggregate 2778 | 29.33 0 1.545

1
2
3 | Cement /Flyash 3167 | 2836 | 2486 | -3.31
4 | Water Cement ratio | 29.11 | 28.28 | 27.50 -
0.831

5 | Sand/rock dust 28.02 | 2898 | 27915 | -0.96
6 | Nanosilica 28.27 | 2772 | 2892 | -0.55
7 | Sulphonated 27.77 | 2855 | 28.77 -
Naphthalene 0.973
8 | Acrylic polymer 28.32 | 28.00 | 2858 -
0.321

Table 7. Test results for M30 grade concrete

SL.No. | Compressive strength
(N/mm?)
7" day 28" day
1 24.1 40.20
2 23.83 33.84
3 9.27 23.07
4 2643 54.45
5 17.12 29.04
6 8.99 17.93
7 37.73 4532
8 1661 29.00
9 9.49 16.28
10 10.93 2343
11 17.16 2222
12 1049 13.00
13 29.96 40.26
14 21.23 22.26
15 12.10 25.00
16 1441 28.6
17 21.34 23.10
18 9.20 13.31

Table 9. Optimum Trial Condition

Fig. 2 Compressive strength of M30 grade of concrete

Table 5 & 6 Shows that the parameters used in the
experiments with various levels and ingredients of concrete
mixture respectively, for the trial No.4 the levels chosen from
L18 Orthogonal array for conducting the experiments it gives
better result than conventional concrete and other trials. Table
7. Shows the compressive strength of all 18 trials. Among all
the trials, 4™ trial gives optimum result and it shows that the
compressive strength is 35 % more than compressive strength
of conventional concrete. Table 8. Gives the individual
effects of individual factors in concrete mixture with their
levels, main effects calculated using S/N ratio, It is calculated
by using the following formulae.

S/IN = - 10|Og10 (MSD)

MSD = (1/y,% + 1>+ Uy + ... 1/y,2)n

V1, Va2, Y3 - Results of experiments observations

m - Target value of results

n - Number of representation (y;)

Table 9 Gives the optimum levels among the different levels
which is considered for individual factor, from the main
effects calculation total Contribution from all factors = 8.634,
Current grand average of performance =28.299, Expected
result at optimum condition =36.933

S.| Factors |IDOF| Sumof |Variance| Pure Per
No. (F)| squares V) sum | cent
) S) |1 ®)
1 [Flyash 1 0.069 0.069 | 0.069 | 28.64
2 Nano 1 0.008 0.008 | 0.008 | 3.68
silica
3 [Super 1 0.163 0.163 | 0.163 | 67.68
plasticizer
Total 3 0.241 100%

S.No. Factors Level Level | Contribution

Table 10. Control Factors for M60 Mix Concrete

o SL.NO. Factors Level Level
Description 1 2
1 Curing type Water 1 1.369
2 Coarse Graded 2 1.029 1 Fly ash __ _ 30% 40 %
aggregate 2. Nano silica(By weight of | 2% 3%
3 | Cement/Flyash 100/0 1 3.371 binder)
4 Water Cement 0.35 1 0.851 3. Super plasticizer (By weight of | 0.5% 1.0%
ratio binder)
5 Sand / rock dust 75125 2 0.677
6 Nano silica 2% 3 0.615
7 Sulphonated 0.75% 3 0.475
Napthalene
8 Acrylic polymer 0.75% 3 0.283

38539




International Journal of Applied Engineering Research ISSN 0973-4562 Volume 10, Number 17 (2015) pp 38536-38542
© Research India Publications. http://www.ripublication.com

Table 11. Compressive strength at 28" day and S/N ratio

Mix 7"day | 14™day 28 day SIN

(N/mm?) | (N/mm?) (N/mm?) ratio

Control 50.12 6241 7047 ----

concrete

T1 67.34 705 7643 37.664
T2 60.74 67.74 79.23 37976
T3 61.25 69.44 82.54 38. 332
T4 64.22 65.45 78 37.836
79.049 N/mm?® | 37.952

Table12.Main Effects of the levels and factors M60 grade

Factor Levell | Level2 | Level2-Levell
Fly ash 37.82 | 38.084 0.264
Nano silica 38.00 | 37.906 -0.92
Super plasticizer | 37.75 | 38.154 0.404

Table.13 Analysis of variance (ANOVA)

Factor Level Description|Level|Contribution
Fly ash 40% 2 0.131
Nano silica 2% 1 0.046
Super plasticizer 1% 2 0.202

Table 10. Shows that the factors used and their levels for M60
grade of concrete and compressive strength of concrete at 7,
14 and 28 days tested also calculated S/N ratio tabulated in
Table 11. The main effects of the factor for each level are
mentioned in Table 12. For M60 grade of concrete. Table 13.
Shows the analysis of variance of M60 grade of concrete and
individual contribution of each factors which are considered
in this work such as fly ash, Nano silica, and super plasticizer.
There is no error in this work denotes the contribution of all
the factors combindly reaches 100%. Similarly it can be
extend to do the experiments for interaction of all the
ingredients involved in the strength of concrete

Average Effects of Flyash

Fig 3. Effect of fly ash on various levels

Average Effects of Nano-silica

3024
319 |
3g1a |
3900 |
3905 |
3e.00

37.495

ERR|

37.86

378 -

3776

37T -

37.67 J

Fig 4. Effect of Nano silica on various levels

Average Effects of Superplasticizer |

Fig 5. Effect of Superplasticizer on various levels
X -Axis= Number of levels:
Y- Axis = Average effect of Factors (S/N ratio)

Table 14. Optimum Trial condition

Factor Level Level | Contribution
Description
Fly ash 40% 2 0.131
Nano silica 2% 1 0.046
Super 1% 2 0.202
plasticizer

Table.14 shows the optimum level of the individual factors
and their contribution in the strength of concrete

Total Contribution from all factors: 0.379,

Current grand average of performance: 37.952,

Expected result at optimum condition: 38.331.
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Fig. 7 Interaction severity Index for M60

Results and discussions

To enhance the compressive strength of concrete using Nano
silica with different % of replacement of cements and used as
a super plasticizer and replacement of cement with fly ash.
The study includes evaluation on the hardened concrete
property namely compressive strength of concrete using Nano
silica with fly ash. The testing will be carried out as per the
recommendations of ASTM. In M60 grade of concrete, L4
orthogonal array used and factors which involved in the work
are Fly ash, Nano silica, Super plasticizer with two different
levels such as 30% and 40% of replacement of cement with
fly ash. 2% and 3% Nano silica and 0.5% and 1% Super
plasticizer. Among the 4 trials 3" trial gives better
compressive strength it increases 24% more than target
compressive strength for M60 grade. Main effects for the
factors which considered in this study are indicating the
influence of individual factors of materials in the concrete
mixtures.

ANOVA gives the percentage contribution of individual
factors in concrete strength. In M30 grade of concrete, L18
Orthogonal array was used and factors which considered

mentioned in Table 5. Among the 18 trials 4™ trial gives better
compressive strength and it increases 47.16% more than target
compressive strength for M30 grade.

Interaction Analysis of individual factors

In Taguchi method, it is possible to find the interaction effect
of individual factors with each and every level of the factors
which are considered for analysis in this work. From the
interaction analysis, optimize each and every factor with
various levels. From L18 orthogonal array 28 interactions
obtained by Taguchi method. From the interaction analysis
modifies the factors and conducted experiments and reduces
the standard deviation.

Conclusion:

. Taguchi method of design of experiment is most
suitable method for researchers to reduce the number
of trials to optimize the strength properties and save
time and materials.

. The Optimum results obtained by Taguchi method is
more than Target Compressive strength of
conventional M30 and M60 grade of concrete.

. Current grand average performance can be optimized
and the expected result at optimum condition also
can be determined by using Taguchi method,
optimize the trials and possible to increase 30.51% of
grand average performance of concrete strength.

. L4 orthogonal array in M60 grade of concrete, 3rd
trial among 4 trials gives better compressive strength.
It is 24% more than target compressive strength.

o L18 orthogonal array in M30 grade of concrete, out
of 18 trials 4™ trial gives better compressive strength
result. It is 47.16% more than target compressive
strength.

. ANOVA for M60 grade of concrete (Table 13)
obtained 100% contribution without any error
indicates the levels chosen for their factors are
exactly accurate based on the strength of concrete.
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