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Abstract: Concrete durability is one of the most important concerns in the field of construction. The environmentally friendly materials that can provide the durability are of great
value in the construction of concrete structures. The use of natural pozzolans is one of the cheapest and most efficient methods in this field, which offers a good performance from
environmental and economic point of view and satisfies required engineering parameters. In this study, the effect of using natural pozzolan in the manufacture of concrete exposed
to sulfate and chloride ion of Oman sea water was investigated. The Taguchi optimization method was used to reduce the number of samples prepared, reduce the cost of
experiments and achieve an optimal mix design. The four parameters, namely water to cement ratio, different percentages of natural pozzolan, super-plasticizer and cement grade
with different ratios, were considered as problem variables. The Taguchi optimization method proposed 8 mix designs based on the defined levels for the variables. By constructing
96 samples, two parameters of permeability and water absorption from Oman Sea and drinking water were investigated in the samples. By introducing the results of the experiments
into the Taguchi method, the final optimal design was presented by this method, and by constructing 12 additional samples and conducting permeability and water absorption
experiments, the behavior of this optimal mix design was verified. The appropriate performance of the Taguchi method was demonstrated by obtaining the optimal mix designs
from the Taguchi method, constructing this mix design and comparing the results with the regulation limitations. The results showed that it is acceptable to use natural pozzolan

under moderate to severe chloride and sulfate ion attacks, but it is not recommended in the extreme environmental conditions.
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1 INTRODUCTION

Today, the use of natural pozzolans is of great
importance due to the improvement of the concrete structure
and the increase of concrete performance in aggressive
environments considering the economic efficiency and
environmental impacts. Replacing the cement with these
types of pozzolans (depending on the replacement
percentage) has shown significant effects on the compressive
strength, initial setting time and durability of concrete. The
use of pozzolanic cement containing 55% of a natural
pozzolanic material from Turkey demonstrated the ability of
this compound to reduce the spread of the alkali-silica
reaction [1]. Due to the inconsistency of the structural
properties, no certain percentage of natural pozzolans can be
determined to improve the concrete properties, and the
necessary experiments should be performed for each type of
pozzolan. In the study of Najimi et al. (2011) on zeolite as a
natural pozzolan, it was found that replacing the cement with
30% of the natural pozzolans in the mix designs can have
beneficial effects on water and chloride penetration and
corrosion rate [2]. Ezzian et al. (2005) performed some
experiments and managed to find an optimal percentage of
natural pozzolan between 15 and 20% for cement
replacement in the samples at temperatures of 20, 40 and 60
°C [3]. In another study by Nguyen et al. to investigate the
size of natural pozzolans for reducing the ettringite
production rate, they found that the smaller the particle size,
the better the effect on the amount of produced ettringite [4].
In addition to the environmental issues and not requiring
much CO; production and release process unlike cement, the
use of natural pozzolan is economically optimal and results
in the reduced heat generation and concrete permeability [5].
In fact, pozzolanic materials are the most important factor in
reducing the concrete permeability, which is achieved by

reducing the volume of large cavities in concrete [6]. To this
end, a study conducted in Algeria by Kaid et al. concluded
that the use of Algerian natural pozzolans as a percentage of
cement replacement can improve the parameters related to
durability, corrosion and resistance to acidic environment
[7]. In the present study, the natural pozzolan of Taftan
Mountain and the water of the Oman Sea were used. The
permeability and water absorption tests were performed
using BS EN 12390-8 permeability test standards [8] and BS
1881-part 122 half-hour water absorption test [9].

Merida and Kharchi [10] investigate the concrete
properties has been manufactured by blended cement
including volcanic origin Algerian natural pozzolan and
Portland cement. They included that using such pozzolan
improves the pulse velocity and sulphate resistance of
concrete.

Omrane et al. [11] investigate the performance and
durability of self-compacting concrete (SCC) contain natural
pozzolan and recycled concrete aggregates. The results of
their research work shows that using pozzolan develop a
significant compressive strength to mixtures without it at 120
days. The incorporation of 15% and 20% pozzolan in SCC
decreased the penetration depth of chloride ions to 50%
and also decreased the mass loss under sulfuric acid attack.
A comprehend review regarding the mechanical and
durability characteristics as well as the microstructural
properties of natural pozzolan based geopolymers and their
potential as binding material are reported in Firdous et al.
[12] research work. Najimi and Ghafoori [13] find the most
proper optimum using hybrid aluminosilicate precursors in
alkali-activated concretes made with having different
proportions of natural pozzolan (low calcium precursor) and
also blast furnace slag (high calcium precursor). Their
experimental investigation shows that the optimum sodium
hydroxide concentration was dependent on the precursor and
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activator combinations as well as the expected fresh,
strength, dimensional stability and transport properties.

In this study, by replacing the cement with Taftan natural
pozzolans and using the Taguchi method, the optimum
percentage of the pozzolan for the minimum permeability
and water absorption was obtained in the both Oman Sea
water and drinking water. By comparing the optimum and
laboratory values with the standards of the '"National
Concrete Durability Regulation in Oman Sea", the possibility
of using this pozzolan in the construction industry was
investigated for the coastal cities of the Oman Sea.

2 TAGUCHI METHOD AND TEST MODEL

The Taguchi optimization technique was introduced in
the 1950s by the Japanese scientist Taguchi [14]. This
method is used to save the number of sample preparation,
reduce the cost of experiments and also obtain an optimal
design (in this study, pozzolanic concrete mix design). This
method is optimized by setting the controllable parameters
and reducing the sensitivity of the system performance
relative to the uncontrollable parameters of optimal system
performance [15-17]. Other advantages of this method
include the simultaneous optimization of several factors and
evaluation of the impact of controllable factors [16]. The
parameters in an experiment are divided into two groups of
controllable and uncontrollable parameters.

In the Taguchi method, considering the minimum effects
of uncontrollable parameters, it is tried to optimize the
system by setting the controllable parameters.

One of the most important parameters in this method is
the "signal to noise (S/N) ratio". In terms of quality, Taguchi
divided the qualitative characteristics into three categories
based on this parameter [18].

1. Larger the better: This parameter is used when the
problem objective is to reach the maximum value which is
given by Eq. (1).
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2. Nominal the best: This parameter is used when the
problem objective is to produce results around a given value,
which is expressed by Eq. (2).
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3. Smaller the better: This parameter is used when the
problem objective is to reach the minimum value which is
given by Eq. (3).
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In Egs. (1)-(3), y: is the value of the obtained results and
n is the number of replications per experiment.

Any level of a factor with the highest S/N ratio is known
as the optimal level. In addition, any factor where the
difference between its levels (delta) has the highest value is
the most effective factor in the test process and,
consequently, the most influential factor in the optimization
process [19].

The parameters of this study are as follows:

o Taftan natural pozzolan (pozzolan)

o  Water to cement ratio (cement with pozzolan) - (w/b)
e Grade of used cement - (¢)

e Super-plasticizer - (sp).

The levels (the number of ratios provided for each
parameter to prepare the test mix design) and the quantity of
each variable parameter related to these parameters are listed
in Table (1). For example, for the water to cement ratio, two
ratios of 0.4 and 0.45, namely two levels, are considered and
for the pozzolan to cement ratio, four ratios of 0, .10, .20 and
.25%, namely four levels, are defined.

Table 1 Parameters and related levels

Level b (kg/m?) Sp (%) W/b (%) Pozzolan (%)
1 400 0 0.4 0
2 450 0.7 0.45 10
3 - - - 20
4 - - 25

In this study, 8 mix designs were used based on the
proposed Taguchi method. Each mix design consists of 12
samples, 6 samples for the storage in pond 1 (the pond
containing drinking water) and the other 6 samples were used
for the storage in pond 2 (the pond containing Oman Sea
water). The temperature of the sample storage ponds was
kept constant at 28 + 3 °C. The tests performed on the
samples are the BS EN 12390-8 permeability test and BS
1881-part122 half-hour water absorption test, both of which
are among the most important tests recommended in the
"National Concrete Durability Regulation in Oman Sea" for
the evaluation of concrete samples. The experiments were
performed on the samples at 28 days. The water permeability
test of the relevant standard required more time for the test
because of spending more time (72 £ 2 hours for each mix
design in each pond) than the other permeability tests.

Taguchi proposed the Lg orthogonal arrays (8 mix
designs) for this experiment, as shown in Tab. 2, which gives
the details of the mix designs in Tab. 3 with respect to the
proposed levels for each mix design.

Table 2 L8 standard arrays

Independent Variables
Test No. b (kg/m?) Sp (%) w/b (%) Pozzolan (%)
Ml 1 1 1 1
M2 2 2 2 1
M3 2 1 1 2
M4 1 2 2 2
M5 1 2 1 3
M6 2 1 2 3
M7 2 2 1 4
M8 1 1 2 4
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Table 3 Details of Taguchi proposed mix designs

Test No Independent Variables
) b (kg/m®) Sp (%) w/b (%) Pozzolan (%)
Ml 400 0 0.4 0
M2 450 1 0.45 0
M3 450 0 0.4 10
M4 400 1 0.45 10
M5 400 1 0.4 20
M6 450 0 0.45 20
M7 450 1 0.4 25
M8 400 0 0.45 25
3 MATERIALS

The cement used in the experiment is the cement type 11
and the pozzolan used is the Taftan natural pozzolan. The
results of chemical analysis of cement and pozzolan used in
the experiments are presented in Tab. 4.

Table 4 Physical and chemical properties of Portland cement and mineral

high grade of cement used, the concrete slump of mix designs
kept constant with a small percentage of super-plasticizer
without increasing the water. Tab. 7 presents the super-
plasticizer specifications and the sample mix design. It
should be noted that the percentage of super-plasticizer
consumption recommended by the manufacturer is 0.6-2.5%
by weight of cement. The used super-plasticizer is based on
melamine.

Table 6 Results of sand gradin

Sieve | Allowable range Passed percentage Passed percentage
No. ASTM C 33 (before modification) | (after modification)
200 0 1.2 0
100 2-10 4 7

50 10-30 7 24
30 25-60 20 40
16 50-85 35 69
8 80-100 69 89
4 90-100 84 95
3/8 100 100 100

Table 7 Super-plasticizer specifications
Physical properties partially concentrated liquid

Color Light brown
Density 1.2 kg/m®
pH 6.9

Other specifications Without chlorine ion and non-flammable

Tab. 8 compares the analysis of the main salts in the
waters of the Oman Sea with the salts in the high seas of the
world as a measure, considering that the waters of the Oman
Sea were used in one of the ponds.

Table 8 Comparison between high seas and Oman Sea water decomposition

. Minerals existing in sea | Minerals existing in Oman Sea
Minerals
water (ppm) water (ppm)
Calcium 50-480 460
Magnesium 260-1410 1400
Sodium 2190-12200 12500
Potassium 70-550 420
Sulfate 580-2810 2900
Chlorine 3960-20000 21100

admixture
Physical properties Portland cement | Taftan pozzolan
Specific surface area (g/cm?) 2850-3000 -
Setting time
Primary (min) 90-110 -
Secondary (min) 130-180 -
Compressive strength
3-day (kg/m?) 180-230 -
7-day (kg/m?) 290-330 -
28-day (kg/m?) 410-450 -
Chemical analysis
Si0, 21.5-22 60-62
CaO 63.4-64.2 6.5-7.1
AlLOs 4.8-52 17.8-18.5
Fe,05 3.7-4.1 4.6-5.5
MgO 2.3-2.6 <2.8
SOs 1.2-1.6 <0.2
Cl <0.04 <2.5
K>,0 0.6 <2
Na,O 0.4 -
CsS 56 -
CsS 15 -
C,A 7-1.5 -
Loss of ignition 0.5-0.8 <2.5

The sand and gravel consumed in this study were
obtained from a factory in Zahedan which did not meet
ASTM C33 standards [20], and the grading was modified,
and the grading results after modifying the aggregates are
presented in Tabs. 5 and 6. The maximum gravel size, water
absorption percentage, and gravel density are 16 mm, 1.1%
and 2.75, respectively. Also, the consumed sand has a density
of 2.65 and water absorption of 2.1%.

Table 5 Results of gravel gradin

Sieve size (mm) 254 19 12.5 9.5 #4 #8

Cumulative percentage

of grain passed through | 100 90.2 40 14 1 0.1
sieve

Allowable range

ASTM-C33 (%)

100 | 90-100 | 20-55 | 0-15 | 0-5 -

The grade of cement used (pozzolan + ¢) in this study is
400 kg/m? and 450 kg/m? (Tab. 3). Due to the necessity for
keeping the slump of samples between 70 to 110 mm and the

4 PREPARATION OF TEST SAMPLES

In this study, ACI-211 [22] was used for the volumetric
concrete mix design method. The samples were removed
from the mold after 24 h and kept in lime water solution for
7 days. After 7 days, the samples were transferred to two
drinking water and Oman Sea water ponds. The permeability
test samples are 150 mm cubic samples as per BS EN 12390-
8, and 6 samples were prepared for each mix design. Also,
the cylindrical samples were 7.5 x 7.5 as per BS 1881-part
122 for water absorption test.

5 EXPERIMENTS

Concrete permeability is usually obtained by calculating
the pressurized water that enters a concrete sample. In the
research method, according to BS EN 12390-8, the 15 x 15
x 15 cm cubic concrete samples are subjected to constant
pressure of 5 atm. After 3 days, the samples are divided into
two halves and the amount of permeation is measured [19].
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Figs. 1 and 2 show a view of the permeability test device,
split sample, and area of water permeation.

The water absorption test is performed according to
BS1881 where the 7.5 x 7.5 cylindrical samples are placed in
the oven for 72 hours at 110 °C and, after cooling, for 30
minutes inside the water. After drying the surface of the
samples, the water absorption percentage of the samples is
obtained during this time. In this paper, the water absorption
test is performed according to BS1881-part 122.

Figure 1 View of water permeability device in concrete

Figure 2 Example of water permeation in cubic sample

The results of the water permeability and absorption tests
are presented in Tab. 9. Each value in this table is the average
of the results from three concrete samples tested in drinking
water and Oman Sea waters.

Table 9 Results of 28-day water permeability and absorption tests

T.e sting Sea Water Drinking Water
Environment
Test Half-hour Water Half-hour Water
water . water o
’ absorption permeability absorption permeability

esign No. (%) (mm) (%) (mm)
M1 2.71 17.2 2.55 14.6
M2 2.72 17.3 2.56 14.6
M3 248 15.5 23 12.8
M4 2.79 17 2.58 14.5
M5 2.38 14.4 2.18 11.6
M6 2.49 15 2.26 12.65
M7 2.1 13.7 1.9 11
M8 2.5 16 2.29 134

According to Tab. 3 and the results of Tab. 9, it is
observed that in all the samples that used pozzolan, the water
absorption and permeability values decreased. One reason is
that the addition of pozzolan to concrete reduces the large
pores to small ones, thereby reducing the concrete

permeability. On the other hand, the secondary cement
properties of pozzolan cause the pozzolan to consume
calcium hydroxide in the cement paste, thereby reducing the
amount of lime which is an important factor in the damage
caused by sulfate attacks. Pozzolan strengthens the concrete
interfacial transition zone (ITZ) (aggregate and paste
interface) by converting lime to C-S-H, thereby improving
the concrete properties.

Based on the laboratory results (Tab. 9), although sample
M7 has the best result among the proposed initial samples, it
cannot be stated that the M7 mix design is the most optimal
one. Therefore, by presenting the results of the 8 mix designs
by the Taguchi optimization method, the most optimal design
was obtained (which may not be in the tests).

5.1 Obtaining Optimal Mix Design by Taguchi Method

In this study, the best (most effective) level of each factor
was determined for each experiment. Using Minitab software
and the plotted graphs and considering the "Smaller the
better" for both experiments, the values of the S/N ratios can
be used to determine the most effective parameters in each
experiment and the optimal mix designs. The graphs in Figs.
3-6 show the results of each experiment.

Main Effects Plot for water permeability 28 days-A
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Figure 3 S/N graph for water permeability test of samples in pond 1
Main Effects Plot for water absorbtion 28 day-A
pozzolan w/c superplastizer cement
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Figure 4 S/N graph for water absorption test of samples in pond 1
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Main Effects Plot for permeability of water 28day-B
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Figure 5 SIN graph for water permeability test of samples in pond 2
Main Effects Plot for water absorbtion 28 day-B
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Figure 6 S/N graph for water absorption test of samples in pond 2

Figs. 3-4 are related to pond 1 (drinking water) and Figs.
4-5 are related to pond 2 (sea water). In these figures, in each
parameter, the level that has the highest S/N value is
specified as the best level of the parameter. The S/N results
for Figs. 3-5 are presented in Tab. 10.

Table 10 S/N values for sam

According to the graphs of water permeability and
absorption test results, the higher the amount of pozzolan
consumed, the greater the effect on the results of the water
absorption test, but the permeability test graphs show that an
increase in used pozzolan up to 20% has a positive effect on
our results, but with a 25% substitution, we can see the
reduced effect of added pozzolan on the permeability of the
samples.

In Tab. 10, the Delta value is the difference between the
highest and the lowest parameter levels. The higher this
value, the greater the rank parameter that indicates the greater
effect of the parameter on the experiment. By observing the
rank parameter for the water permeability and absorption
tests, it can be stated that the amount of pozzolan consumed
has the greatest effect on the results of the experiments.

Also, the next effective parameter is the water to cement
ratio (w/b) and ultimately, the amount of super-plasticizer
has the least effect on the results of the experiments. Table
11 was obtained using the analysis of variance (ANOVA)
and considering the parameters of Table 1 as independent
variables. The higher the F-Value in this table, the greater the
effect of the parameter on the test result. According to Figs.
3 to 6, the optimal mix design for each experiment and each
environment can be obtained. Tab. 12 presents the optimal
mix designs.

Tab. 12 presents the predicted values from the optimal
mix design. For the validation of these values, 2 mix designs
each containing 6 samples were prepared (In the laboratory
conditions, the initial samples were cured and constructed,
and by comparing the estimated results with the results of the
mix designs, this method was validated for predicting the
optimal mix design).

Tab. 13 compares the results of the M7 mix design (the
best behavior in the proposed Taguchi initial samples) with
the optimal Taguchi mix design. The results show that
although the half-hour water absorption results did not
change in the optimal Taguchi design compared to M7, the
concrete permeability improved in the concrete made from
the Taguchi optimal design.

ples in ponds 1 and 2

Parameter Level 1 Level 2 Level 3 Level 4 Delta Rank
pozzolan -23.29 -22.69 -21.67 -21.68 1.62 1
Permeability test w/b -21.89 -22.77 0.89 2
sp -22.50 -22.16 0.35 4
Pond 1 cement -22.59 -22.08 0.51 3
pozzolan -28.15 -27.73 -26.93 -26.39 1.76 1
. w/b -26.93 -27.67 0.74 2
Absorption test sp 2741 27.19 0.23 3
cement -27.58 -27.01 0.57 4
pozzolan -24.74 -24.21 -23.34 -23.41 1.39 1
Permeability test wh -23.60 -24.24 0.64 2
sp -24.03 -23.82 0.21 4
Pond 2 cement -24.14 -23.71 3
pozzolan -28.68 -28.40 -27.73 -27.20 1.47 1
w/b -27.63 -28.37 0.74 2
sp -28.11 -27.89 0.21 4
cement -28.27 -27.74 3
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Table 11 Analysis of variance (ANOVA) for results of experiments in both ponds

DF Adj SS Adj MS F-Value P-Value
pozzolan 1 7.61 7.61 22.53 0.018
w/bs 1 3.31 3.31 9.81 0.052
Permeability test sp 1 0.38 0.38 1.13 0.365
cement 1 1.16 1.16 3.44 0.162
Error 3 1.01 0.34
Pond 1 Total 7 13.48
pozzolan 1 25.6 25.6 180.71 0.001
w/b 1 7.22 7.22 50.96 0.006
Absorption test sp 1 0.405 0.405 2.86 0.189
cement 1 4.205 4.205 29.68 0.012
Error 3 0.42 0.141
Total 7 37.85
pozzolan 1 7.66 7.66 19.5 0.022
w/b 1 2.53 2.53 6.4 0.085
.. sp 1 0.21 0.21 0.54 0.517
Permeability test cement 1 1.20 1.20 3.06 0.179
Error 3 1.18 0.39
Pond 2 Total 7 12.78
pozzolan 1 20.88 20.88 126.61 0.002
w/b 1 8.61 8.61 52.22 0.005
. sp 1 0.45 0.45 2.74 0.197
Absorption test cement 1 435 435 26.38 0.014
Error 3 0.49 0.16
Total 7 34.79
Table 12 Optimal mix design values
pozzolan | w/b | sp | cement Value obtained from test for optimal mix design
. value 20 04 | 0.7 450 10.88
o 28-day permeability lovel 3 1 ) 5
Drinking water . value 25 04 [ 07| 450 1.9
28-day absorption Tovel n 1 3 5
28-day permeability \1/2\1/2‘; 230 Oi4 0; 430 13.56
Sea water 8w absorm value 25 04 [ 07| 450 21
~¢ay absorpuion level 4 1|2 2

Table 13 Compares of results of the M7 mix design with the optimal Taguchi mix

design

Sea water Drinking water

Parameter Half-hour Water Half-hour Water
water permeability water permeability
absorption (mm) absorption (mm)
Test (%) (%)

M7 2.1 13.7 1.9 11

M 2.1 13.56 1.9 10.88
(optimization)

Tab. 14 presents the limitations of the National Concrete
Durability Regulation for water permeability and absorption
in the Oman Sea and the Persian Gulf [23].

Table 14 Limitations of National Concrete Durability Regulation for water
permeability and absorption in Oman Sea

Allowable range
Test Moderate Severe Extreme
conditions conditions conditions
1. Half-hour water Max 4% Max 3% Max 2%
absorption (28 days)
2. Water permeability Max 50 mm | Max 30 mm | Max 10 mm
(28 days)

According to the results of the experiments from the
Taguchi optimal mix design and the limitations of the
National Concrete Durability Regulation in the Oman Sea, it
can be concluded that by observing the limitations of this

regulation and the positive effects of Taftan pozzolan on
improving the water permeability and absorption properties,
the pozzolans can be used as an mineral admixture to
improve concrete properties under moderate to severe attack
conditions. However, for the use in extreme conditions, due
to the strict regulation limitations (Tab. 14), it is not sufficient
to simply add this pozzolan to the concrete. Using this
pozzolan increased the water absorption value of concrete to
2.1% and the permeability of concrete in the optimal mix
design to 14.5 mm, which are close to the maximum
allowable values. It is possible to meet the criteria considered
in the regulation by adding a higher percentage of super-
plasticizer or modifying the aggregates and reducing the
water-to-cement ratio.

6 CONCLUSION

In this paper, the effect of using Taftan pozzolan on the
water permeability and absorption of concrete structures in
the Oman Sea and drinking water was investigated. The
Taguchi optimization method was used to reduce the time
and cost of sample construction. The four parameters of
water to cement ratio, different percentages of natural
pozzolan, super-plasticizer, and grade of cementitious
materials with different ratios were considered as problem
variables. The Taguchi method proposed 8 mix designs, and
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192 samples were prepared to validate the results and tested
in the both Oman Sea and drinking waters. By comparing the
results with the National Concrete Durability Regulation in
the Persian Gulf and Oman Sea, it was found that the use of
Taftan pozzolan was effective in reducing the water
permeability (20%) and absorption in the moderate to severe
conditions (25%). In the extreme conditions, the results are
close to the critical limits of the regulation, but they failed to
meet the regulation criteria. Taguchi method can determine
the ratio of the use of pozzolans in the designed concrete
mixing ratio with an accuracy of about 2% compared to the
laboratory results.

7 REFERENCES

[11 Uzal, B., & Turanli, L. U. T. F. U. L. L. A. H. (2003). Studies
on blended cements containing a high volume of natural
pozzolans. Cement and Concrete Research, 33(11), 1777-
1781. https://doi.org/10.1016/S0008-8846(03)00173-X

[2] Najimi, M., Sobhani, J., Ahmadi, B., & Shekarchi, M. (2012).
An experimental study on durability properties of concrete
containing zeolite as a highly reactive natural pozzolan.
Construction and Building Materials, 35, 1023-1033.
https://doi.org/10.1016/j.conbuildmat.2012.04.038

[3] Ezziane, K., Bougara, A., Kadri, A., Khelafi, H., & Kadri, E.
(2007). Compressive strength of mortar containing natural
pozzolan under various curing temperature. Cement and
Concrete Composites, 29(8), 587-593.
https://doi.org/10.1016/j.cemconcomp.2007.03.002

[4] Nguyen, V. H., Leklou, N., Aubert, J. E., & Mounanga, P.
(2013). The effect of natural pozzolan on delayed ettringite
formation of the heat-cured mortars. Construction and
Building Materials, 48, 479-484.
https://doi.org/10.1016/j.conbuildmat.2013.07.016

[5] Ghrici, M., Kenai, S., & Said-Mansour, M. (2007). Mechanical
properties and durability of mortar and concrete containing
natural pozzolana and limestone blended cements. Cement and
Concrete Composites, 29(7), 542-549.
https://doi.org/10.1016/j.cemconcomp.2007.04.009

[6] Bondar, D., Lynsdale, C. J., Milestone, N. B., Hassani, N., &
Ramezanianpour, A. A. (2011). Effect of adding mineral
additives to alkali-activated natural pozzolan paste.
Construction and Building Materials, 25(6), 2906-2910.
https://doi.org/10.1016/j.conbuildmat.2010.12.031

[7] Kaid, N., Cyr, M., Julien, S., & Khelafi, H. (2009). Durability
of concrete containing a natural pozzolan as defined by a
performance-based approach. Construction and Building
Materials, 23(12), 3457-3467.
https://doi.org/10.1016/j.conbuildmat.2009.08.002

[8] EN, B. S. (2000). 12390-8 Depth of penetration of water under
pressure. British Standards Institution.

[9] Standard, B. & ISO, B. (1999). Plastics—Determination of
water absorption. PN-EN ISO, 62.

[10] Merida, A. & Kharchi, F. (2015). Pozzolan concrete durability
on sulphate attack. Procedia Engineering, 114, 832-837.
https://doi.org/10.1016/j.proeng.2015.08.035

[11] Omrane, M., Kenai, S., Kadri, E. H., & Ait-Mokhtar, A. (2017).
Performance and durability of self compacting concrete using
recycled concrete aggregates and natural pozzolan. Journal of
Cleaner Production, 165, 415-430.
https://doi.org/10.1016/j.jclepro.2017.07.139

[12] Firdous, R., Stephan, D., & Djobo, J. N. Y. (2018). Natural
pozzolan based geopolymers: a review on mechanical,

microstructural and durability characteristics. Construction
and Building Materials, 190, 1251-1263.
https://doi.org/10.1016/j.conbuildmat.2018.09.191

[13] Najimi, M. & Ghafoori, N. (2019). Engineering properties of
natural pozzolan/slag based alkali-activated concrete.
Construction and Building Materials, 208, 46-62.
https://doi.org/10.1016/j.conbuildmat.2019.02.107

[14] Ranjit, K. (1990). Roy, 1990. A primer on the Taguchi method.
Soc. Manufac. Eng.

[15] Ibrahim, M. R., Ismail, N., Leman, Z., & Majid, D. L. A. H. A.
(2012). Experimental investigation of HSS face milling to
AL6061 using Taguchi method. Procedia Engineering, 50,
933-941.

[16] Ozbay, E., Oztas, A., Baykasoglu, A., & Ozbebek, H. (2009).
Investigating mix proportions of high strength self compacting
concrete by using Taguchi method. Construction and building
materials, 23(2), 694-702.
https://doi.org/10.1016/j.conbuildmat.2008.02.014

[17] Tiirkmen, 1., Giil, R., & Celik, C. (2008). A Taguchi approach
for investigation of some physical properties of concrete
produced from mineral admixtures. Building and environment,
43(6), 1127-1137. https://doi.org/10.1016/j.buildenv.2007.02.005

[18]Lyu, S. R., Te Wu, W., Hou, C. C., & Hsieh, W. H. (2010).
Study of cryopreservation of articular chondrocytes using the
Taguchi method. Cryobiology, 60(2), 165-176.
https://doi.org/10.1016/j.cryobiol.2009.10.008

[19] Fowlkes, W. Y. & Creveling, C. M. (1995). Engineering
methods for robust product design: using Taguchi methods in
technology and product development. Addison-Wesley.

[20] Phadke, M. S. (1989). Quality engineering using robust
design: Produkt-u. Prozefoptimierung mit d. Methoden d.
statistischen Versuchsplanung nach G. Taguchi. Gfmt, Ges. fiir
Management und Technologie.
https://doi.org/10.1007/978-1-4684-1472-1_3

[217(2002). American Society for Testing and Materials, ASTM
(33, Standard Specification for Concrete Aggregates.

[22](2001). American Concrete Institute, ACI 211, Guide for
Submittal of Concrete Proportions.

[23] Safehian, M. & Ramezanianpour, A. A. (2013). Assessment of
service life models for determination of chloride penetration
into silica fume concrete in the severe marine environmental
condition. Construction and Building Materials, 48, 287-294.
https://doi.org/10.1016/j.conbuildmat.2013.07.006

Authors’ contacts:

Amir Behshad

(Corresponding Author)

Faculty of Industry and Mining, Yasouj University,
12345 Yasouj, Iran

amir.behshad@hotmail.com

Mostafa Askarian Zardak
Department of Structural Engineering,
Zahedan University, Iran

Yaser Mohammadi
Ferdowsi University of Mashhad,
Mashhad, Iran

TEHNICKI GLASNIK 15, 1(2021), 69-75

75




<<

  /ASCII85EncodePages false

  /AllowTransparency false

  /AutoPositionEPSFiles true

  /AutoRotatePages /None

  /Binding /Left

  /CalGrayProfile (Dot Gain 20%)

  /CalRGBProfile (sRGB IEC61966-2.1)

  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)

  /sRGBProfile (sRGB IEC61966-2.1)

  /CannotEmbedFontPolicy /Error

  /CompatibilityLevel 1.4

  /CompressObjects /Tags

  /CompressPages true

  /ConvertImagesToIndexed true

  /PassThroughJPEGImages true

  /CreateJobTicket false

  /DefaultRenderingIntent /Default

  /DetectBlends true

  /DetectCurves 0.0000

  /ColorConversionStrategy /CMYK

  /DoThumbnails false

  /EmbedAllFonts true

  /EmbedOpenType false

  /ParseICCProfilesInComments true

  /EmbedJobOptions true

  /DSCReportingLevel 0

  /EmitDSCWarnings false

  /EndPage -1

  /ImageMemory 1048576

  /LockDistillerParams false

  /MaxSubsetPct 100

  /Optimize true

  /OPM 1

  /ParseDSCComments true

  /ParseDSCCommentsForDocInfo true

  /PreserveCopyPage true

  /PreserveDICMYKValues true

  /PreserveEPSInfo true

  /PreserveFlatness true

  /PreserveHalftoneInfo false

  /PreserveOPIComments true

  /PreserveOverprintSettings true

  /StartPage 1

  /SubsetFonts true

  /TransferFunctionInfo /Apply

  /UCRandBGInfo /Preserve

  /UsePrologue false

  /ColorSettingsFile ()

  /AlwaysEmbed [ true

  ]

  /NeverEmbed [ true

  ]

  /AntiAliasColorImages false

  /CropColorImages true

  /ColorImageMinResolution 300

  /ColorImageMinResolutionPolicy /OK

  /DownsampleColorImages true

  /ColorImageDownsampleType /Bicubic

  /ColorImageResolution 300

  /ColorImageDepth -1

  /ColorImageMinDownsampleDepth 1

  /ColorImageDownsampleThreshold 1.50000

  /EncodeColorImages true

  /ColorImageFilter /DCTEncode

  /AutoFilterColorImages true

  /ColorImageAutoFilterStrategy /JPEG

  /ColorACSImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /ColorImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /JPEG2000ColorACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /JPEG2000ColorImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /AntiAliasGrayImages false

  /CropGrayImages true

  /GrayImageMinResolution 300

  /GrayImageMinResolutionPolicy /OK

  /DownsampleGrayImages true

  /GrayImageDownsampleType /Bicubic

  /GrayImageResolution 300

  /GrayImageDepth -1

  /GrayImageMinDownsampleDepth 2

  /GrayImageDownsampleThreshold 1.50000

  /EncodeGrayImages true

  /GrayImageFilter /DCTEncode

  /AutoFilterGrayImages true

  /GrayImageAutoFilterStrategy /JPEG

  /GrayACSImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /GrayImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /JPEG2000GrayACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /JPEG2000GrayImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /AntiAliasMonoImages false

  /CropMonoImages true

  /MonoImageMinResolution 1200

  /MonoImageMinResolutionPolicy /OK

  /DownsampleMonoImages true

  /MonoImageDownsampleType /Bicubic

  /MonoImageResolution 1200

  /MonoImageDepth -1

  /MonoImageDownsampleThreshold 1.50000

  /EncodeMonoImages true

  /MonoImageFilter /CCITTFaxEncode

  /MonoImageDict <<

    /K -1

  >>

  /AllowPSXObjects false

  /CheckCompliance [

    /None

  ]

  /PDFX1aCheck false

  /PDFX3Check false

  /PDFXCompliantPDFOnly false

  /PDFXNoTrimBoxError true

  /PDFXTrimBoxToMediaBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXSetBleedBoxToMediaBox true

  /PDFXBleedBoxToTrimBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXOutputIntentProfile ()

  /PDFXOutputConditionIdentifier ()

  /PDFXOutputCondition ()

  /PDFXRegistryName ()

  /PDFXTrapped /False



  /CreateJDFFile false

  /Description <<



    /BGR <>

    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>

    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>

    /CZE <>

    /DAN <>

    /DEU <>

    /ESP <>

    /ETI <>

    /FRA <>

    /GRE <>



    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)

    /HUN <>

    /ITA <>

    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>

    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>

    /LTH <>

    /LVI <>

    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)

    /NOR <>

    /POL <>

    /PTB <>

    /RUM <>

    /RUS <>

    /SKY <>

    /SLV <>

    /SUO <>

    /SVE <>

    /TUR <>

    /UKR <>

    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)

  >>

  /Namespace [

    (Adobe)

    (Common)

    (1.0)

  ]

  /OtherNamespaces [

    <<

      /AsReaderSpreads false

      /CropImagesToFrames true

      /ErrorControl /WarnAndContinue

      /FlattenerIgnoreSpreadOverrides false

      /IncludeGuidesGrids false

      /IncludeNonPrinting false

      /IncludeSlug false

      /Namespace [

        (Adobe)

        (InDesign)

        (4.0)

      ]

      /OmitPlacedBitmaps false

      /OmitPlacedEPS false

      /OmitPlacedPDF false

      /SimulateOverprint /Legacy

    >>

    <<

      /AddBleedMarks false

      /AddColorBars false

      /AddCropMarks false

      /AddPageInfo false

      /AddRegMarks false

      /ConvertColors /ConvertToCMYK

      /DestinationProfileName ()

      /DestinationProfileSelector /DocumentCMYK

      /Downsample16BitImages true

      /FlattenerPreset <<

        /PresetSelector /MediumResolution

      >>

      /FormElements false

      /GenerateStructure false

      /IncludeBookmarks false

      /IncludeHyperlinks false

      /IncludeInteractive false

      /IncludeLayers false

      /IncludeProfiles false

      /MultimediaHandling /UseObjectSettings

      /Namespace [

        (Adobe)

        (CreativeSuite)

        (2.0)

      ]

      /PDFXOutputIntentProfileSelector /DocumentCMYK

      /PreserveEditing true

      /UntaggedCMYKHandling /LeaveUntagged

      /UntaggedRGBHandling /UseDocumentProfile

      /UseDocumentBleed false

    >>

  ]

>> setdistillerparams

<<

  /HWResolution [2400 2400]

  /PageSize [612.000 792.000]

>> setpagedevice



