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Abstract. In this paper, four formulas are proposed via gene expression programming (GEP)-based models and regression
analysis (RA) to predict the flexural strength (f,) values of mortars containing different mineral admixtures that are ground
granulated blast-furnace slag (GGBFS), silica fume (SF) and fly ash (FA) at different ages. Three formulas obtained from the
GEP-I, GEP-1I and GEP-11l1 models are constituted to predict the f; values from the age of specimen, water-binder ratio and
compressive strength. Besides, one formula obtained from the RA is constituted to predict the f; values from the compressive
strength. To achieve these formulas in the GEP and RA models, 972 data of the experimental studies presented with mortar
mixtures were gathered from the literatures. 734 data of the experimental studies are divided without pre-planned for these
formulas achieved from the training and testing sets of GEP and RA models. Beside, these formulas are validated with 238 data
of experimental studies un-employed in training and testing sets. The f; results obtained from the training, testing and validation
sets of these formulas are compared with the results obtained from the experimental studies and the formulas given in the
literature for concrete. These comparisons show that the results of the formulas obtained from the GEP and RA models appear to
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well compatible with the experimental results and find to be very credible according to the results of other formulas.
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1. Introduction

Recently, GGBS, SF and FA have been employed as a
highly active and effective pozzolans for the partial
replacement of cement used in mortar and concrete
production (Qian and Li 2001). This is because most of the
physical, mechanical, durability, high toughness, long
service life and impermeability properties of concrete
containing different mineral admixtures are better than
those of conventional concrete. Mineral admixtures are
made possible by diminishing inhomogeneity, porosity and
micro-cracks in concrete and the interfacial zone of
aggregate particles-cement matrix. Fortunately, these
mineral admixtures are by-products coming out in the
industry factory and aid in decreasing the quantity of
cement essential to perform concrete less expensively, less
energy excessive, and more environmental friendly
(Goldman and Bentur 1989, Mehta and Monteiro 1993,
Shah and Ahmad 1994, Nawy 1996, Neville 1997, Shannag
2000, Tanyildizi 2017). In addition, the lower cement
demand brings about a reduction for CO, emerged by the
manufacture of cement (Chan and Wu 2000, Roy et al.
2001, Ferraris et al. 2001, Oner and Akyuz 2007). The
advantages from the employed of these mineral admixtures
in mortar and concrete result partially from the pozzolanic
and cementitious reactivity, and partially from their particle
size dispersion characteristics (Mehta 1983, Malhotra and
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Mehta 1996, Oner and Akyuz 2007).

SF is an industrial by-product of ferro-silicon alloy
industry and silicon metal in place of a waste product.
Recently, the use of SF in mortar and concrete has grown up
(Koksal et al. 2008, Zhang and Li 2013). Due to an
important developments attained on interface zone of
aggregate particles-cement matrix, SF is known to develop
the strength, durability and impermeability of mortar and
concrete in the early ages, and create a high-strength mortar
and concrete (Koksal et al. 2008). In addition, SF exhibits a
significant role on development of mechanical properties of
mortar and concrete due to possessing a pozzolanic activity.
Filling influence of SF is more dominant than pozzolanic
influence of SF. The best known influence of SF on mortar
and concrete is the development on interface zone aggregate
particles-cement matrix that is known as the weakest
interface zone on concrete (Toutanji and Bayasi 1999,
Massazza 2000, Atis et al. 2005, Kdksal et al. 2008).

Blast-furnace slag (BFS) is an industrial by-product in
the produce of pig iron and the quantities of iron. The use of
GGBFS in mortar and concrete has a favorable influence on
consuming the calcium hydroxide (Ca(OH),) that reduces
the properties of mortar and concrete (Roy and Idorn 1982,
Papadakis and Tsimas 2002, Oner et al. 2005, Oner and
Akyuz 2007). This binding creates a more intensely
microstructure, as the Ca(OH), is used up and calcium
silicate hydrate (C-S-H) gels are composed (Mazloom et al.
2004, Bentz 2006, Chidiac and Panesar 2008, Bilim et al.
2009). The partial replacement of GGBFS by weight of
cement may reduce the strength in the early ages, but very
significantly improve the strength, microstructure and
durability of mortar and concrete in the later ages (Malhotra
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Fig. 1 Distribution of input variables and f; used in the GEP

1987, Song and Saraswathy 2006, Bilim et al. 2009).

FA is an industrial by-product of coal-fired electric
power stations (Papadakis 1999, Memon et al. 2002). The
pozzolanic reactivity is that when FA is employed, Ca(OH),
is turned into new C-S-H gels, bringing about the
conversion of bigger pores into smaller pores due to the
pozzolanic reaction of FA. The employment of FA has a
favorable influence on the properties of mortar and concrete
by using up the Ca(OH), (Memon et al. 2002, Papadakis
and Tsimas 2002, Oner et al. 2005). The basic effects of
partial replacement of FA by weight of cement in mortar
and concrete allows improvement of micro-structure,
reduction of the pore size and better workability of mortar
and concrete mixture (Kondraivendhan and Bhattacharjee
2015).

In this study, three formulas obtained from the GEP-I,
GEP-1I and GEP-I1II, and one formula obtained from the
regression analysis are proposed for the fs prediction of
mortars containing mineral admixtures at different ages.
The age of specimen (AS), water-cement ratio (WB),
compressive strength (f;) and f; values of mortars containing
mineral admixtures employed in the training, testing and
validation sets of the GEP-based models were gathered
from technical literatures (Wong et al. 1999, Elkhadiri et al.
2002, Atis et al. 2004, 0 zcan 2005, 0 zdemir 2006, Bilim
2006, Mercan 2007, Ulas 2009, Li et al. 2015). First
formulation obtained from the GEP-I model is proposed to
predict the f; values from the f., second formulation
obtained from the GEP-II model is proposed to predict for
the f; values from the AS and f., and third formulation
obtained from the GEP-I11 model is proposed to predict the
f; values from the AS, WB and f. values. Moreover, one
formula obtained from the regression analysis is proposed
for to predict the f; values from the f, values. The results of
these formulas obtained from in the training, testing and
validation sets of the GEP-based models and RA were
compared with the results of experimental studies and the
formulas given in the literature for concrete.

2. Gene expression programming

The main purpose of gene expression programming
(GEP) revealed by Ferreira (Ferreira 2001) is to obtain a
formula that is appropriate an actual data set introduce to
GEP model. For this formula, GEP makes the typical

Table 1 Parameters employed in the GEP models

Parameter Definitions GEP-1 GEP-1I GEP-111
Function set + -, %, /, 3Rt X /3LRr: i(ét Pow10, *o ;(’)‘/I;”lz\é’tEXp’
Number of chromosomes 10 20 30
Head size 6 8 6
Number of genes 1 2 3
Constants per gene 5 5 10
Linking function Multiplication Multiplication Addition
Mutation 0.00138
Inversion 0.00546
e ot
Gene recombination 0.00277
Gene transposition 0.00277
Random chromosomes 0.0026

regression employing the most of the genetic operators that
make use of the genetic algorithms like mutation, inversion,
recombination, transposition and gene duplication (Ferreira
2001, Ferreira 2004, Ferreira 2006, Kayadelen et al. 2009,
Saridemir 2010, Kara 2011, Severcan 2012). The process in
GEP starts with the casual production of the chromosomes
of beginning population. After these chromosomes are
determined, the suitability of each individual is reviewed
against a set of suitability status. Afterwards, the individuals
are chosen in accordance with their fitness to reproduce
with alteration, separating seed with new properties. The
process of new individuals is iterated for a certain number
of breeds, until the suitable and efficient solution has been
obtained (Ferreira 2004, Ferreira 2006, Saridemir 2010). As
a result of these process, GEP present a mathematical
formula from the chromosomes of character sequences
called as expression tree (Ferreira 2001).

2.1 GEP models

In this paper, the purpose of creating the models depend
on the GEP is to obtain a formula to predict the f; of mortars
containing different mineral admixtures that are SF, GGBS
and FA at the ages of 1, 2, 3, 7, 28, 56, 90, 180 and 360.
These models called as GEP-I, GEP-1I and GEP-III are
suggested to predict the f; from the f.or WB and f.or AS,
WB and f.. To create these models, among 972 experimental
data given with mortar mixtures containing different
mineral admixtures that are SF, GGBS and FA gathered
from the fourteen different existing literatures (Wong et al.
1999, Elkhadiri et al. 2002, Atis et al. 2004, 0 zcan 2005,
Ozdemir 2006, Bilim 2006, Mercan 2007, Ulas 2009, Li et
al. 2015), about 50% and 25% of the whole data (489 and
245 data) literatures (Elkhadiri et al. 2002, 0 zcan 2005,
Ozdemir 2006, Bilim 2006, Ulas 2009) were employed
without prior planning as training and testing sets,
respectively, and 238 data (25% of the whole data)
literatures (Wong et al. 1999, Atis 2004, Mercan 2007, Li et
al. 2015) un-used in training and testing sets was employed
as validation set. The distributions of AS, WB and f; used as
inputs in response to the fs values used as output in the sets
of models are shown in Fig. 1. As shown in figure, the



Modelling the flexural strength of mortars containing different mineral admixtures via GEP and RA 719

Sub-ET 1
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Fig. 4 Expression tree of GEP-I11 proposed for predicting
fs from AS, WB and f;

chances in the input variables directly affect the output
variable.

In this paper, as stated above, firstly, the terminal set f;
and the function sets AS, WB and f. to create the

chromosomes are preferred, namely, f,.,={f.}, f..,.={AS and
f.} and f.,,={AS, WB and f.}. For the connection of
function variables, the fundamental arithmetic operators and
a few fundamental functions are determined. After trying
many the numbers of genes and the head sizes, to find the
best model performance in the GEP-I, GEP-II and GEP-III,
the number of genes are determined as 1, 2 and 3, and the
head sizes are determined as 6, 8 and 6, respectively. The
genetic operators (mutation, inversion, recombination and
transposition) in these models was employed as set of
genetic operators. Parameters employed in the training set
of the GEP-I, GEP-II and GEP-III are presented in Table 1.

For the GEP-I, GEP-Il and GEP-III, the mathematical
expressions obtained from the expression trees exhibited in
Figs. 2-4 are given in the Egs. (1)-(3), respectively. The real
parameters (variables) and constants used in the GEP-I,
GEP-I1 and GEP-III are given in Table 2. The mathematical
expressions are 3Rt=cube root (), 4Rt=quartic root (¥),
X2=x to the power of 2, Inv=inverse, Pow=x to the power
of y, Pow10=10x and Exp=exponential seen in Figs. 2-4.
Considering the above-stated variables and constants, the
final mathematical formulas obtained from the expression
trees depend on the GEP-I, GEP-II and GEP-I1I models to
predict the fs from the f. or WB and f, or AS, WB and f; of
mortars containing different mineral admixtures are given
in the Egs. (4)-(6), respectively.

AN ESRERS) &

fin= (ijLn((cZ xdo+ %) x (Y0 x cz))) x(10VE@EE@TT o) ()

1;_”,—( ! (i\)>+(((c1xdl)x(c6c5))((COCB)“)%(‘ ((co+ c3)—doce)x(dzcz)) 3)
(2d1-c7)x| ece

focr = ((fcjfge?) x (2.10f. + 4.16)) (4)

fon= (jLn((S.BS X AS— 0.14£) x (YAS 5.93))) x (10VE=65707 148)  (5)

fom= (m} +((628xWB) - ((13.136)"®)) + ( (1.362 — ASC-0357) x (ﬁm)) (6)

3. Regression analysis

Regression analysis is a statistical tool to research of
correlations between variables input and output variables
for an adequate example. Commonly, the regression
analysis is the method of fitting mathematical models to
example data. On the principle of mathematical
expressions, the regression analysis is known as a nonlinear
regression and/or linear regression. As stated above,
different regression formulas depend on relationship have
been suggested in some national building codes and in the
literature to model the f; values from f. of concrete. In this
paper, formulas obtained from regression analysis have
been proposed for the calculation of f, values from f, values
of mortars containing different mineral admixtures.
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Table 2 Variables and constants employed in the GEP
models

do d1 d2 c0 cl c2 c3 c4 c5 c6 c7 c8

GEP-1 fe

Sub-ET 1 0.475 14.987 4.160

GEP-1I WB f
Sub-ET 1 5.930 -7.162

Sub-ET 2 1.480

GEP-111 AS WB f;

Sub-ET 1 6.482 -1.989 -6.654 0.880 0.377

Sub-ET 2 4.836 1.679

Sub-ET 3 1.882 -0.520 -0.357

Table 3 Statistical parameter results of GEP models,
regression and other equations

MAPE RMSE R?

Training Testing Validation Training Testing Validation Training Testing Validation

GEP-1 15465 16.652 15.815 0.979 1.004  0.964 0.773 0.794  0.738
GEP-1I 14616 15.872 16.548 0.900 0.912  0.986 0.808 0.830 0.752
GEP-1Il 12,133 13.662 13.234 0.760 0.784  0.876 0.863 0.876  0.777

RA 16.743 17.631 16.084  0.996 1.020 0.973 0.765 0.787  0.736
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Fig. 5 The correlation between the f; and f, of mortars

3.1 Regression analysis model

RA model was applied by the curve fitting method
named as a powder function for the calculation of f; values
from f. values of mortars containing different mineral
admixtures. The same experimental data were used for the
results of the sets in the GEP and RA models compared with
the results attained from the formulas given in some
national building codes and in the literature for concrete.
The relationship between the f; and f, values of mortars are
evaluated with formula obtained from power expression as
shown in Fig. 5. The common format of the powder
regression model is expressed by Eq. (7).

f, =a(f,)’ ()

Where f; and f. are the flexural strength (MPa) and
compressive strength (MPa) at the same age of mortars
containing different mineral admixtures. a and b represent
the constants found from the RA. Eq. (8) has been obtained
for explaining a correlation between the f; and f, values of
mortars containing different mineral admixtures.

f, =0.71(f,)°% ®)

4. Results and discussion of formulas

In this paper, the performances of the formulas derived
from the GEP and RA were investigated to predict the f,
values of mortars containing different mineral admixtures.
For these performances, the mean absolute percentage error
(MAPE), root mean square error (RMSE) and R-square (R?)
expressed in Egs. (9)-(11) were utilized as statistical
correction parameters. These statistical parameters are used
to evaluate the correlation between the results of the
experimental studies, the results of the formulas obtained
from the GEP, RA, and the results of the formulas given in
the literature for concrete (ACI318R-95 1995, ACI363R-92
1992, and Ahmad and Shah 1985).

MAPE = - |Zizlti=0il o 100] 9)

n ot
i=1 1

RMSE = /%Zn:(ti -0,)? (10)
i=1

(nitio, t, n o,j

i=1 i=1

DX DR

R? = (11)

Where, t is the target f; value obtained from the
experimental studies, o is the output f;value obtained from
the formulas and n is sum number of experimental study
data.

The statistical parameter (MAPE, RMSE and R?) results
of the training, testing, and validation sets of GEP-1, GEP-
I, GEP-1Il, RA, ACI318R-95 1995, ACI363R-92 1992, and
Ahmad and Shah 1985 formulas are given in Table 3.
Considering the statistical results, the best value of R? and
the minimum values of MAPE and RMSE are shown in the
training, testing, and validation sets of GEP-III. All of the
statistical parameter results given in Table 3 show that the
formulas obtained from the GEP models are suitable to
calculate the f; values of mortars containing different
mineral admixtures according to others formulas. The
reason of obtaining better results by GEP-Il and GEP-I1II
models according to the other models is especially that the
AS and/or WB parameters are added as input variables in
addition to the f; in these models. Besides, another reason of
obtaining better results by GEP-11 and GEP-I11 models is
the parameters used in these models. All of MAPE, RMSE
and R? results show that the results of the proposed GEP
and RA models are applicable and can predict the f, values
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Fig. 8 Comparison of experimental and predicted f for validation set

of mortars containing different mineral admixtures very
close to the experimental results.

The fs results predicted from training, testing and
validation sets of GEP-I, GEP-II, GEP-III, RA, ACI318R-
95 1995, ACI363R-92 1992 and Ahmad and Shah 1985
formulas versus the f; results attained from the experimental
studies are shown in Figs. 6-8, respectively. The linear least

square fit line and R? values obtained according to results of
the whole formulas were given on these figures. The results
of training set (Fig. 6(a)) show that the GEP and RA
formulas were successful in learning the correlation
between the output and input variables. The results of
testing set (Fig. 7(a)) indicate that the GEP and RA
formulas were able to generalizing between the output and
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Fig. 11 Residuals of the validation set within £5% limits

input variables, and eventually, the results of validation set
(Fig. 8(a)) prove that the proposed formulas had good
potential to predict the f; of mortars containing different
mineral admixtures. Figs. 6(b)-8(b) show that the fs results
calculated from training, testing and validation sets of
formulas given in the literature to compare the results of
experimental studies. Besides, the residuals of fs results
predicted from training, testing and validation sets within
5% limits of the whole formulas are given in Figs. 9-11,
respectively. As it is visible from the comparisons in these
figures, the results obtained from the training, testing and
validation sets of GEP and RA formulas according to the
results of formulas given in the literature are very closer to

the results of the experimental studies. That is, it can be
seen from these figures that the GEP formulas performed
better than the other formulas in predicting the f; of mortars
containing mineral admixtures.

4. Conclusions

In this study, new and efficient four mathematical
formulas obtained from the models depend on the GEP-I,
GEP-11, GEP-11l and RA were presented to predict the f;
from the f. or WB and f, or AS, WB and f. of mortars
containing different mineral admixtures. The fs results of
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these formulas depend on the GEP and RA are compared
with the results of the experimental studies and the formulas
given in the literature for concrete. All of the f; results
obtained from these formulas depend on the GEP and RA
are shown to be very close to the results of experimental
studies considering the results of formulas given in the
literature for concrete. The comparisons between the f
results obtained from these formulas and the f; results of
experimental studies in terms of MAPE, RMSE and R?
values have proven this condition. The presented
mathematical formulas are so easy that they can be
employed by someone not completely familiar with GEP.
Consequently, GEP can be employed as an efficient model
and it can approach a new area to resolve the civil
engineering problems.

References

ACI 318R-95 (1995), Building Code Requirements for Structural
Concrete and Commentary, American Concrete Institute, U.S.A.

ACI 363-92 (1992), State-of-the-Art Report on High-Strength
Concrete, Manual of Concrete Practice, Part 1: Materials and
General Properties of Concrete, American Concrete Institute,
Detroit, U.S.A.

Ahmad, S.H. and Shah, S.P. (1985), “Structural properties of high
strength concrete and its implications for precast prestressed
concrete”, PCI J., 30(4-6), 92-119.

Atis, C.D., Kilig, A. and Sevim, U.K. (2004) “Strength and
shrinkage properties of mortar containing a nonstandard high-
calcium fly ash”, Cement Concrete Res., 34(1), 99-102.

Atis, C.D., Ozcan, F., Kilig, A., Karahan, O., Bilim, C. and
Severcan, M.H. (2005), “Influence of dry and wet curing
conditions on compressive strength of silica fume concrete”,
Build. Environ., 40(12), 1678-1683.

Bentz, D.P. (2006), “Influence of water-cement ratio on hydration
kinetics: Simple models based on spatial considerations”,
Cement Concrete Res., 36(2), 238-244.

Bilim, C. (2006), “The use of ground granulated blast furnace slag
in cement based materials”, Ph.D. Dissertation, University of
G ukurova, Adana, Turkey.

Bilim, C., Atis, C.D., Tanyildizi, H. and Karahan, O. (2009),
“Predicting the compressive strength of ground granulated blast
furnace slag concrete using artificial neural network”, Adv. Eng.
Softw., 40(5), 334-340.

Chan, W.W.J. and Wu, C.M.L. (2000), “Durability of concrete
with high cement replacement”, Cement Concrete Res., 30(6),
865-879.

Chidiac, S.E. and Panesar, D.K. (2008), “Evolution of mechanical
properties of concrete containing ground granulated blast
furnace slag and effects on the scaling resistance test at 28
days”, Cement Concrete Compos., 30(2), 63-71.

Elkhadiri, 1., Diouri, A., Boukhari, A., Aride, J. and Puertas, F.
(2002), “Mechanical behaviour of various mortars made by
combined fly ash and limestone in Moroccan Portland cement”,
Cement Concrete Res., 32(10), 1597-1603.

Ferraris, C.H., Obla, K.H. and Hill, R. (2001), “The influence of
mineral admixtures on the rheology of cement paste and
concrete”, Cement Concrete Res., 31(2), 245-255.

Ferreira, C. (2001), “Gene expression programming: A new
adaptive algorithm for solving problems” Compl. Syst., 13(2),
87-129.

Ferreira, C. (2004), “Gene expression programming and the
evolution of computer programs”, Biol. Insp. Comput. Idea
Group Publ., 82-103.

Ferreira, C. (2006), “Automatically defined functions in gene

expression programming”, Exp. Stud. Comput. Intell. Springer-
Verlag, 13, 21-56.

Goldman, A. and Bentur, A. (1989), “Bond effects in high strength
silica fume concretes”, ACIl Mater. J., 86(5), 440-447.

Jueshi, Q., Caijun, S. and Zhi, W. (2001), “Activation of blended
cements containing fly ash”, Cement Concrete Res., 31(8),
1121-1127.

Kara, LF. (2011), “Prediction of shear strength of FRP-reinforced
concrete  beams without stirrups based on  genetic
programming”, Adv. Eng. Softw., 42(6), 295-304.

Kayadelen, C., Gunaydin, O., Fener, M., Demir, A. and Ozvan, A.
(2009), “Modeling of the angle of shearing resistance of soils
using soft computing systems”, Exp. Syst. Appl., 36(9), 11814-
11826.

Koksal, F., Altun, F., Yigit, I. and Sahin, Y. (2008), “Combined
effect of silica fume and steel fiber on the mechanical properties
of high strength concretes”, Constr. Build. Mater., 22(8), 1874-
1880.

Kondraivendhan, B. and Bhattacharjee, B. (2015), “Flow behavior
and strength for fly ash blended cement paste and mortar”, J.
Sustain. Built. Environ., 4(2), 270-277.

Li, L., Zhou, W,, Dao, V., Ozgakkaloglu, T. and Liu, X. (2015),
“Properties of cement-based materials containing fly ash”,
Proceedings of the International Conference on Performance-
Based and Life-Cycle Structural Engineering, 1543-1554.

Malhotra, V.M. (1987), Properties of Fresh and Hardened
Concrete Incorporating Ground Granulated Blast Furnace
Slag, Supplementary Cementing Materials for Concrete,
Canada, 291-336.

Malhotra, V.M. and Mehta, P.K. (1996), Pozzolanic and
Cementitious Materials, Advances in Concrete Technology,
Gordon and Breach, London, U.K.

Massazza, F. (2000), “Evaluation of cements and cementitious
systems: History and prospects”, Proceedings of the 2nd
International Symposium on Cement and Concrete Technology
in the 2000s, Istanbul, Turkey.

Mazloom, M., Ramezanianpour, A.A. and Brooks, J.J. (2004),
“Effect of silica fume on mechanical properties of high-strength
concrete”, Cement Concrete Compos., 26(4), 347-357.

Mehta, P.K. (1983), “Pozzolanic and cementitious by-products as
mineral admixtures for concrete-a critical review”, Spec. Publ.,
79, 1-46.

Mehta, P.K. and Monteiro, P.J. (1993), Concrete: Structure,
Properties, and Materials, Prentice-Hall, New Jersey, U.S.A.
Memon, A.H., Radin, S.S., Zain, M.F.M. and Trottier, J.F. (2002),
“Effect of mineral and chemical admixtures on high-strength

concrete in seawater”, Cement Concrete Res., 32(3), 373-377.

Mercan, N. (2007), “Investigation of the strength and durability of
mortar produced by fly ash as additive material”’, M.S.
Dissertation, University of Istanbul, Istanbul, Turkey.

Nawy, E.G. (1996), Fundamentals of High Strength High
Performance Concrete, Longman, U.K.

Neville, A.M. (1997), Properties of Concrete, 4th Edition, Wiley,
New York, U.S.A.

Oner, A. and Akyuz, S. (2007), “An experimental study on
optimum usage of GGBS for the compressive strength of
concrete”, Cement Concrete Compos., 29(6), 505-514.

Oner, A., Akyuz, S. and Yildiz, R. (2005), “An experimental study
on strength development of concrete containing fly ash and
optimum usage of fly ash in concrete”, Cement Concrete Res.,
35(6), 1165-1171.

Ozcan, F. (2005), “Properties of silica fume mortar and concrete
and prediction of compressive strength by accelerated curing”,
Ph.D. Dissertation, University of C ukurova, Adana, Turkey.

Ozdemir, E. (2006), “An investigation of some properties of
mortars included binary ternary and quartet combinations of PC
and mineral admixtures”, Ph.D. Dissertation, University of



724 Mustafa Saridemir

G ukurova, Adana, Turkey.

Papadakis, V.G. (1999), “Effect of fly ash on Portland cement
systems: Part I. Low-calcium fly ash”, Cement Concrete Res.,
29(11), 1727-1736.

Papadakis, V.G. and Tsimas, S. (2002), “Supplementary cementing
materials in concrete, part I: Efficiency and design”, Cement
Concrete Res., 32, 1525-1532.

Qian, X. and Li, Z. (2001), “The relationships between stress and
strain for high-performance concrete with metakaolin”, Cement
Concrete Res., 31(11), 1607-1611.

Roy, D.M. and Idorm, G.M. (1982), “Hydration, structure, and
properties of blast furnace slag cements, mortars, and concrete”,
J. Am. Concrete Inst., 79(6), 445-457.

Roy, D.M., Arjunan, P. and Silsbee, M.R. (2001), “Effect of silica
fume, metakaolin, and low-calcium fly ash on chemical
resistance of concrete”, Cement Concrete Res., 31(12), 1809-
1813.

Saridemir, M. (2010), “Genetic programming approach for
prediction of compressive strength of concretes containing rice
husk ash”, Constr. Build. Mater., 24(10), 1911-1919.

Severcan, M.H. (2012), “Prediction of splitting tensile strength
from the compressive strength of concrete using GEP”, Neur.
Comput. Appl., 21(8), 1937-1945.

Shah, S. and Ahmad, A. (1994), High Performance Concretes and
Applications, Edward Arnold, England, U.K.

Shannag, M.J. (2000), “High strength concrete containing natural
pozzolan and silica fume”, Cement Concrete Compos., 22(6),
399-406.

Song, H.W. and Saraswathy, V. (2006), “Studies on the corrosion
resistance of reinforced steel in concrete with ground granulated
blast-furnace slag-an overview”, J. Haz. Mater., 138(2), 226-
233.

Tanyildizi, H. (2017), “Prediction of compressive strength of
lightweight mortar exposed to sulfate attack”, Comput.
Concrete, 19(2), 217-226.

Toutanji, A.H. and Bayasi, Z. (1999), “Effect of curing procedures
on properties of silica fume concrete”, Cement Concrete Res.,
29(4), 497-501.

Ulas, A. (2009), “The influence of new generation plasticizers on
mortars produced by fly ash”, M.S. Dissertation, University of
Istanbul, Istanbul, Turkey.

Wong, Y.L, Lam, L., Poon, C.S. and Zhou, F.P. (1999),
“Properties of fly ash-modified cement mortar-aggregate
interfaces”, Cement Concrete Res., 29(12), 1905-1913.

Zhang, P. and Li, Q.F. (2013), “Effect of polypropylene fiber on
durability of concrete composite containing fly ash and silica
fume”, Compos.: Part B-Eng., 45(1), 1587-1594.

CcC





