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Abstract

One promising insight to extended service life of cement
mortar and improve it is durability by assimilating nano
mechanism into the cement-based materials. Regardless of
many research studies on the effect of nano alumina on the
mechanical performance of cement mortar, there has not been
a widespread study examining the effect of nano Al203,
curing period (), and water-to-cement ratio (w/c) on the
compressive strength (6c) of cement mortar. Consequently,
this study explores the subject matter which could be helpful
for the building and construction field. In this study, the data
collected on the compressive strength of the cement mortar
modified with different percentages of nano alumina ranging
from 0.5% to 13.5% (by dry weight of the cement) were
gathered from the literature. A nonlinear modeling NLM and
statistical data analysis were performed on above 500
assembled data. The w/c ratio of the cement mortar varied
from 0.3% to 0.79%, and the compressive strength of cement
mortar modified with nano alumina and cured for 1,7 and 28
up to 90 days leads to high strength ranged from (10 MPa to
68 MPa). The result of NLM showed that curing period has
the highest effect on the compressive strength in combination
with water to cement ratio and percentage of nano alumina
replacement with a coefficient of determination (R2) of 0.85.

1. Introduction

Sobolev et al., 2009). The word nano means anything
of size 10®°, nano particles is a solid particle of

Current nano-scale studies in cement intensified
on the enquiry of the structure of cement-based
materials, as studying the mnanostructure of
cement-based materials improves the ability to
control the procedures associated with hydration,
strength development and fracture (Bartos, 2009; K.

having size in the range of 1 to 100 nm. As the
science world started to make new materials and
to investigate their properties with
nanotechnology, thus the usage of
nanotechnology has become widespread in all

branches of science. Therefore, studies of
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nanoscale would be increased for cement mortar
(Zaki & Ragab, 2009). For years, the majority of
advances in the performance of cement mortar
were attained by applying super-fine particles:
silica fume, fly ash, metakaolin, and now nano
materials (Plassard, Lesniewska, Pochard, & Nonat, 2004).
Nano-Al;O; as an example can be used as a
stabilizer to boost the strength and workability
(Collepardi, Collepardi, Skarp, & Troli, 2004). The nano-
sized cementitious constituent is found by the
crushing of a traditional or low temperature
Portland cement clinker or is mass-produced by
the self-assembly course by means of sol-gel
method or mechano-chemically induced topo-
chemical reactions (Konstantin Sobolev & Gutiérrez,
2005). The nanoparticles can also be well-thought-
out as nanocrystals as the atoms inside the
particle are flawlessly well-ordered, or crystal-
like. After the dimensions of a material are
minimized from macro- to nano-size, though
significant changes in optical absorption,
electronic conductivity, mechanical properties and
even chemical reactivity emerge. With reducing in
size, more atoms are located on the surface of a
particle and, along with a notable surface area of
nano powders; this informs a significant
alteration in surface morphologies and surface
energies. Consequently, all these features modify
the basic characteristics and the chemical
reactivity of nanomaterials. The change in
properties assists to develop a better catalytic
ability, adjustable wavelength sensing ability, as
well as enables to design better self-cleaning and
self-healing features (Klabunde & Richards, 2009; Roco
& Williams, 1999; Konstantin Sobolev & Shah, 2008). This
study demonstrates the work of previous
researchers regarding the wusage of nano
materials and shows the advantages concerning
mechanical properties of cement mortar and the
criteria which has not been covered as determined
and summarized in Table (1).

In the current study, data were gathered from the
literature as shown in tables (1) and (2), and
statistical analysis and modeling were performed
on these data. Relying on the literature data, no
correlation was noted between compressive

strength, NL content, and w/c ratio up to 90 days
of curing period. The effect of w/c, curing period,
and nano alumina content on the compressive
strength of cement mortar was quantified using a
nonlinear model. The goals of the study were as
follows:

a. To study statistical alteration of the
mechanical properties, water-to-cement ratio,
nano alumina content, and curing period of
cement mortar

b. To examine and quantify the interactions of
the compressive strength of cement mortar with
w/c and nano Al,O; (%) cured up to 90 days

c. To investigate the nonlinear correlation to
assess the influence of w/c ratio curing period,
and nano alumina content on the compressive
strength of cement mortar

2. Objectives

Discovering novel methods and new cement-based
mafterials characterized with improved mechanical
capability is essential for sustainable
infrastructure with longer service life. Nano-
engineering, or nanomodification of cement is a
quickly emerging field. Synthesis and assembly of
materials in the nanometer scale range offer the
possibility for the development of new cement
additives such as nano based cement.

The inclusive objective of this study was to model
and asses scientific equations that indulge the
relationship and correlation between compressive
strength (0,) stating to the percentage on nano-
based material, also to fine the effect of inclusion
on nano-materials on the mechanical and physical
properties of cement mortar effecting the cement

to produce sustainable properties.

3. Materials and Methods
3.1. Data Collection

This study was engrossed on the correlation
between compressive strength (G,), in regard to
the percentage on nano based material and water
to cement ratio. The focus of this study was on
the statistical variation and correlations between

78



Sulaimani Journal for Engineering Sciences

Volume 7 - Number 3 - December 2020

V4
LT

compressive strength with w/c ratio and curing
period for the cement mortar modified with nano
alumina. Above 500 data allocated from numerous
research studies to attain a sensible conclusion.
The concrete properties were based on many
variables as summarized in Table (2).

3.2. Modeling

The modeling of mechanical properties on
concrete parameters and the properties of cement
mortar presumed by comparing the collected data.
Through the inspection, the graphs from the
collected data attained.

In order to compare the model predictions
statistical quantification such as coefficient of
determination (R2) and the root-mean-square
error (RMSE) was used and quantified Eq. (1) and
(2) as follows:

R2 = ( 2ixi —X)(yi—y) )2 0
VEilxi =2 * 2i(vi - )2
RMSE = |Zi=z Qi-*0* (2)
N
while

Vi = experimental value,

X; = predicted value from the model,

Y = mean of the collected data,

X = mean of calculated values and N is the
number of data.

3.2.1. Regression Analysis

Regression analysis was performed to develop the
relationships between the compressive strength of
the cement mortar as a function of w/c, nano
alumina %, and curing period up to 90 days.

3.2.2. Correlation of Compressive Strength with
w/e Ratio and Curing Period

The compressive strength of cement mortar
modified with nano alumina (NL) were affected by

the curing period (t) and water-to cement ratio
(w/c (%))(Vipulanandan & Mohammed, 2015). The effects
of nano alumina (%), t (days), and w/c (%) of the
cement mortar were divided as follows:
Compressive strength (0,) of cement mortar only
(NL= 0%):

o, =a (%)b () 3a)

Compressive strength (0,) of cement mortar
modified with any percentage of nano alumina:

g,

a

w b
a (?) e(t)c (3b)
+ d(%) ®©F (NL)9

Based on data collected from various research
studies in the literature, the correlation
parameters (a, b, ¢, d, e, f, and g) were calculated
using least-squares multiple regression analysis,
as summarized in Table (3).

4. Statistical Analysis for the Affecting Factors
4.1. Water-to-Cement Ratio (w/c)

Based on the total of 54 w/c ratio data for the
cement mortar collected from various research
studies Table (1), the w/c for the cement mortar
ranged from 0.26 to 0.55% with a mean of 0.3%
and a standard deviation of 0.08%, as summarized
in Table (2). The number of data points in each
set of w/c values was measured. More than 50% of
the total w/c of the cement mortar ranged between
0.3% and 0.5%, as shown in Fig. (1). Based on
the total of 82 water-to-binder ratio (w/b) data for
the cement mortar modified with nano alumina
Table (1), the w/c ratio ranged from 0.3% to
0.79% with a mean of 0.44% and a standard
deviation of 0.1% Table (2). Almost 100% of the
total w/b data ranged between 0.3% and 0.79%, as
shown in Fig. (2). There were no direct

correlations observed between the compressive
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strength and water-to-cement ratio (w/c) up to 90
days of curing.

4.2. Nano Alumina Content (NL) (%)

According to the literature the total 82 nano
alumina (NL) percent data used to modify the
cement mortar, the data ranged from 0.5% to
13.5% with a standard deviation of 3.6% and COV
of 76.8%. About 70% of the total nano alumina
varied between 0.5% and 9%, as shown in Fig. (3).

4.3. Compressive Strength of Cement Mortar

A total of 54 compressive strength (0,) data for
the cement mortar were collected from various
research studies Table (1). The compressive
strength (0.) of the cement mortar up to 90 days
of curing varied from 7 MPa to 49 MPa with a
mean of 29.7 MPa, a standard deviation of 9.5
MPa, and a COV of 32.1% Table (2). Different
distribution tests for the compressive strength of
cement mortar were performed. The lognormal
frequency distribution for the compressive
strength of cement mortar was observed based on
the Anderson-Darling (AD) statistic and P values
Fig. (4).

4.4. Compressive Strength of Cement Mortar
Modified with Nano Alumina

A total of 82 compressive strength (0,) data for
cement mortar modified with different percentage
of nano alumina were collected from the literature
Table (1). The G.ranged from 10 MPa to 68 MPa
with a mean of 42.3 MPa, a standard deviation of
12.5 MPa, and a COV of 29.6% Table (2). Based
on the AD and P values, the probability
distribution was a normal distribution, as shown
in Fig. (5).

5. Suggested Correlations

5.1. Relationship between Compressive
Strength and w/c of Cement Mortar Modified
with Nano Alumina

More than 362 data for compressive strength and
w/c ratio of cement mortar modified with nano
alumina at the age of 1,7 and 28 up to 90 days
were collected from various research studies.
There were no correlations between the 0.and w/c
ratio up to 90 days of curing Fig. (6-9).

5.2. Relationship between Measured and
Predicted Compressive Strengths of Cement
Mortar

Depending on the 152 results from literature, the
relationship between the compressive strength (G.)
in (MPa) units, water to cement ration (w/c), and
curing period (t) in (days) was mnot directly
observed, the compressive strength (G.) was
correlated with the independent variables (i.e., w/c
ratio and curing period) using a mnonlinear
relationship Eq. (4), as shown in Fig. (10). The
model parameters were obtained from least-
squares multiple regression analyses Table (3).
Based on the nonlinear model parameter a Eq.
(3a), the compressive strength of cement mortar
was affected by w/c ratio and curing period. The
model parameters, R*, and RMSE are summarized
in Table (3):

_ 836 t0-22

g, = W R? = 0.86 (4)

Based on the data from the literature, an adequate
coefficient of determination (R®) of 0.86 attained
from the NML equation Eq. (4), the limitation
factor of Eq. (4) for w/c is between (0.26-0.55) and
for curing days is between (1-90).
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5.3. Relationship between Compressive
Strength and Nano Alumina (%)

More than 296 data for compressive strength and
w/c of cement mortar at different curing periods
1,7 and 28 up to 90 days were collected from
various research studies. The coefficient of
determination (R®) were (0.68, 0.04, 0.00086,
0.047) for 1,7, 28 and 90 days consecutively as a
result, there were no correlations between the GO,
w/c, and nano alumina (%) up to 90 days of
curing Fig. (11-14).

5.4. Relationship between Measured and
Predicted Compressive Strengths (C.) of Cement
Mortar Modified with Nano Alumina

The O, was correlated with the independent
variables (i.e., w/c, NL, and curing period) using
a mnonlinear relationship Eq. (5). The model
parameters were achieved from least-squares
multiple regression analyses Table (3). The model
parameters, R? and RMSE are summarized in
Table (3). A unique relationship was observed
between measured and predicted compressive
strengths (6.) Fig. (15). Based on the nonlinear
model parameter a Eq. (3b), the curing period had
the highest effect on the increase of the
compressive strength compared with the nano
alumina content as demonstrated in Table (3):

7.61t0‘276

0.27 NL0.007 tO'OS
o, = + = ®)
¢ W/CO'75 W/C3'43

R? =0.85

Based on the data from the literature (328
results), an adequate coefficient of determination
(R® of 0.85 attained from the NML equation Eq.
(5), the limitation factor of Eq. (5) for w/c is
between (0.3-0.79), for NL (%) is between (0.5-
13.5) and for curing days is between (1-90).

6. Conclusions

Based on over 500 data collected from various

research studies and mathematical models,

correlation between water to cement ratio (w/c),

compressive strength (G.), curing period (days),

percentage of nanomaterial (%) analyzed.

Correlation among the properties were inspected

and modeled based on the composed data from

literature. the following points were advanced:

1- There were no direct correlations observed
between the compressive strength and water-
to-cement ratio (w/c) for 1,7 and 28 up to 90
days of curing.

2- Based on the NLM parameters, the nano
alumina had significant effect on the increase
of the compressive strengths of the cement
mortar up to 68 MPa.

3- The result of the proposed NLM showed that
curing period had the highest effect on the
compressive strength in combination with
water to cement ratio and percentage of nano
alumina replacement.

4- With respect to the data from the literature,
an adequate coefficient of determination (R®)
of 0.85 attained from the NLM equation.

5- The limitation factor of the proposed NLM for
w/c is between (0.3-0.79), for NL (%) is
between (0.5-13.5) and for curing days is
between (1-90).

6- Based on the collected data and the modeled
correlations, cuing period and w/c ratio
doesn’t affect the compressive strength
individually, unless both factors considered
with respect of the nano alumina percentage.
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strength of cement mortar modified with nano alumina at 1 day curing period.
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Fig. 12: Variation between percentage of nano alumina (NL) and compressive
Strength of cement mortar modified with nano alumina at 7 days curing period.
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Fig. 13: Variation between percentage of nano alumina (NL) and compressive
Strength of cement mortar modified with nano alumina at 28 days curing period.
70 7
° oc = 0.2795NL + 48.331
60 A 2 _
. ° ° { ] R2 = 0.0472
' ' [ No. of data = 76
40 A
90 days
30 A Y
20 A i
10 1
(0] T T 1
(0] 5 10 15

Nano alumina, NL (%)

Fig. 14: Variation between percentage of nano alumina (NL) and compressive
Strength of cement mortar modified with nano alumina at 90 days curing period.
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Fig. (15): Relationship between measured and predicted compressive

strengths for cement mortar modified with nano alumina (NL).

Table (1): Summary properties of cement mortar modified with nano alumina obtained from the literature.

Nano ) ) Compressive
. Water to cement Curing period,
Reference Country alumina i strength, s. Tests
ratio w/c t (days)
NL (%) (MPa)
. . . Compressive
(Liu, Li, & Xu, 2015) China 0-3 0.3 3,7, 28 40-68
strength
(Mohseni, Miyandehi, . Compressive
. China 0-5 0.4 3,7, 28 11.5-54.4
Yang, & Yazdi, 2015) strength
. Compressive
(Oltulu & Sahin, 2011) Turkey 0-2.5 0.4 3,7, 28, 56 42.2-68
strength
. . Compressive
(Oltulu & Sahin, 2013) Australia 0-2.5 0.4 3,7, 28, 56 34-53.8
strength
(Roychand, De Silva, Compressive
Iran 0-5 0.3 7, 28 10-23.8
Setunge, & Law, 2017) strength
. . . Compressive
(Miyandehi et al., 2014) China 0-5 0.4 3,7, 28, 90 12.1-54.8
strength
. . Compressive
(Li et al., 2017) Australia 0-4 0.4 28 35.1-53.7
strength
(Barbhuiya, Mukherjee, & Compressive
A UK 0-4 0.4 1,3,7 7-50.2
Nikraz, 2014) strength
(Mohseni & Tsavdaridis, . Compressive
Inia 0-5 0.4 3,7, 28, 90 12-54.5
2016) strength
(Gowda, Narendra, X
. Compressive
Rangappa, & Prabhakar, Australia 0-5 0.79 7, 28 10.5-18.7
strength
2017)
(Mohseni, Khotbehsara, X
. . . Compressive
Naseri, Monazami, & China 0-13.5 0.48 28, 90 38.7-59.6
strength
Sarker, 2016)
i i Varied from 1 i i
6 Varied from Varied from 0.3 Varied from 7 MPa  Compressive
Remarks . day up to 90
countries Oto 13.5 % to 0.79 d to 68 MPa strength tests
ays
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