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ARTICLE INFORMATION ABSTRACT

The presented study attempted to investigate mechanical properties of concrete containing nanosilicates
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based on experimental uniaxial compressive strength test (UCS). For this purpose, different nanosilica
dosages including 0%, 2%, 4% and 6% with considering the cement/water ratio are used to preparing the
totally 10 mixing scheme and 30 concrete laboratory samples (10x10%10 cm cubic specimens) which is

tested under 7, 28 and 90 days age. According to the experimental results by increasing the amount of
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nanosilica in the samples, UCS is increased and mechanical properties of concrete improved under
loading. But in 6% nanosilica specimens incremental slope is get smooth then 4% nanosilica specimens.
This was also observed for the 28-day and 90-day samples. In the meantime, some samples containing 6%
nanosilica under uniaxial pressure experienced a resistance drop in strength features, indicating a

decreasing trend of durability improvement at values above 6% nanosilica.

1. Introduction

Concrete is the most adaptable material because of the
constant and persistent requests made on engineers which are
consistently pushing the confinement points to improve its
performance with the assistance of creative chemical admixtures
and supplementary cementitious materials like fly ash, silica
fume, granulated blast furnace slag, steel slag and so on. As
known, concrete must be capable to service under many
conditions and during its lifetime which have appropriate
performance. Such concrete is called durable or strength concrete.
The lack of stability or durability in concrete may be due to
internal or ambient factors that are imposed on the concrete
components such as cementitious materials (Dodds et al., 2017).
The authority of these materials in the construction task and civil
projects is very worthy of attention which their variety of
applications must not hide their complexity where develop
gradually in our time (Gaitero et al., 2008). Generally, concrete is
a composite material which composed of fine and coarse
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aggregate bonded together by fluid cement that hardens over time
were most frequently in the past a lime-based cement binder (e.g.
lime putty), but sometimes with other hydraulic cements (e.g.
calcium aluminate cement) or with Portland cement to form
Portland cement concrete (Li, 2004). By modifying this concrete
mixing system it is possible to change the structure and properties
of these materials. For example, use of plug-ins likes
geosynthetics, fibers, nanomaterials, etc. in concrete help to
improve the primary conditions.

Meanwhile, in recent years, concrete technology applied the
cement composites modification by nanoparticles which are
highly considered as novel concept in concrete modification task
by many researchers for fabricate concrete composite materials
with new functionalities. Nanoparticles due its high surface-area-
to volume ratio capacity always influenced directly on mechanical
properties and concrete behavior (Aggarwal et al., 2015). These
cementitious based materials performance is strongly dependent
on nanoparticles (e.g. calcium silicate hydrate particles) or nano
porosity at interfacial transition zone between cement and
aggregate particles (Li et al., 2004; Collepardi et al., 2005; Senff
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et al., 2009). The main engineering propertied of concrete which
is highly affected by nanoparticles is classified in strength,
durability, shrinkage and steel-bond features. In the meantime,
nano-silicates (SiO,) can infill the interpolated space between the
calcium silicate hydrate particles were acting as nano-filler and by
taking the pozzolanic reaction with calcium hydroxide produced
the more densification matrix of calcium silicate hydrate mixture
that leads to increased uniaxial concrete strength, durability,
stability, crack controlling, interlocking, etc. (Choolaei et al.,
2012; Hou et al., 2013; Zapata et al., 2013; Aggarwal et al., 2015;
Azarafza et al., 2015; 2017).

In concrete mixing, nano-silica decreased the mortar setting
time compared with silica fume and reduced water bleeding and
segregation which is improved the cementitious mixtures
cohesiveness (Tegguer et al., 2013; Jankovi¢ et al., 2016;
Norhasri et al., 2017; Behfarnia and Rostami, 2017). Nanosilicate
added to cement in addition to reducing concrete retention time
(Singh et al., 2011; 2012), shortened dormant duration, induction
hydration period, reduction in hydration peak heat time reach and
increased calcium hydroxide production at early days (Ltifi et al.,
2011; Shaikh et al., 2014; Taghavi et al., 2018).

Exclusively, the application of nanoparticles has had a great
impact on concrete technology in past decade. Several scholars
presented studied on nanoparticles especially nanosilicates and
attempted to provide a logical link between nanomaterials and
mechanical and engineering properties of concrete (Shih et al.,
2006; Land and Stephan, 2012; Shaikh et al., 2014; Jankovi¢ et
al., 2016; Behfarnia and Rostami, 2017; Lopez-Carrasquillo and
Hwang, 2017). Also, the some articles indicate the nanofibers and
nanotubes utilizations on engineering characteristics of concrete
(Sanchez and Sobolev, 2010; Peyvandi et al., 2013; Eftekhari and
Mohammadi, 2016; Bosque et al., 2017; Zhu et al., 2018).

In this study tried to investigate the nanosilicates affect on
concrete specimens under uniaxial compressive strength test
(UCS) which is used for preparing the empirical relationships
between the nanoparticles and strength characteristics of concrete.

2. Material and Methods

Materials used for the concrete specimen’s preparation include
cement, aggregates (sand and lycra), nanosilica additives, water
and super-lubricant. The cement used for testing Portland
pozzolani cement (PPC) from Ardebil cement factory which
cement specification is 3130 kg/m® (according to the factory
catalog). Drinking water is the most suitable water for concrete
preparation. In this experiment, Tabriz drinking water was used
for mixing.

The utilized aggregate grading curve was performed according
to ASTM-C136 which is shown in Figure 1. For nanosilica
additives, the colloidal silica solution is used which specified as
Table 1. The lubricants are manufactured according to the ASTM-
C494 requirements as A&F types and 2930 Iranian standard code
for concrete. The table 1 is representing the utilized concrete
materials characteristics.

Table 1 Used materials specification in this study

Cement composition

Compounds CsS C,S CsA C3AF
Percent 35-60 20-35 9-11 9-12
Nanosilica properties

Specific weight (gr/cm®)  Particle content (%) Particle size (nm)

1.37 50.9 Less than 50 nm
Lubricant feature
pH Specific weight (kr/lit) ~ Color
7+1 1.112 Brown
120
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Figure 1. Particle-size distribution of aggregate

Specimens used in each mixing (totally 10 mixing scheme)
prepared for the mechanical properties testing of concrete
including 30 cubic samples (10x10x10 cm) for compressive
strength test (UCS) at 7, 28 and 90 days of age. The Figure 2
shows an overview of the some used examples. It should be noted
during the sample preparation phase, inside the samplers is
entirely lubricated which that there is no cohesion between the
mold and the concrete sample.

Figure 2. An overview of the some used concrete specimens
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The 10 mixing scheme are prepared for samplings which is
contained 3 step of nanosilicate additives (0%, 2%, 4% and 6%)
were classified in 30 samples. The ACI-211 standard absolute
volume method was used to determine the mixing ratios of the
concrete components and aggregates volume. The water/cement
ratio (W/C) in concrete mixing scheme (after reduction of
aggregates moisture content) has been assumed as 0.35 which is
obtained from overall mixing scheme formula presented by
American concrete institute (ACI). Table 2 is presented the 10
mixing scheme were used in this study, the mix1 is considered as
reference mix due non nanosilicate contains. Other mixtures are
contained 2%, 4% and 6% nanosilicates. After mixing, the
concrete is poured into the molds and after 24 hours the
specimens are opened and molded in ordinary water at 20 °C for
processing. After the processing time (7, 28 and 90 days), the
concrete was removed from the water and weighed, then placed in
the oven at 105 °C to dry completely for 24 hours. After drying,
the samples were brought to normal temperature for several hours
to prepare for testing (If the samples do not return to their normal
temperature, the strength values will associate with the errors).

Table 2 The mixtures scheme for preparing concrete samples

# wiC Water Cement Nano  Coarse- Light- Lubricant Sample

(Kg/m®)  (Kgim®)  slica  grained  grained ratio
1 035 175 500 0 844 120 0 3
2 0.35 1715 490 2 844 120 2 3
3 035 168 480 2 844 120 2 3
4 0.35 164.5 470 2 844 120 2 3
5 0.35 161.7 462 4 844 120 2 3
6 0.35 158.2 452 4 844 120 2 3
7 0.35 154.7 442 4 844 120 2 3
8 035 1505 430 6 844 120 2 3
9 0.35 145.2 415 6 844 120 2 3
10 035 141.7 405 6 844 120 2 3

Uniaxial compressive strength (UCS) is key methodologies for
investigation under axial loading for evaluate concrete
mechanical behavior assessment. Compressive strength or
compression strength is the material (nature of artificial) capacity
to withstand loads tending to mechanical deformation (reduce
size, shortening and pulping) which related to mechanical
behavior of materials. In other words, UCS is representation of
compressing behavior of concrete of materials as stress-strain
curve. When a specimen of material is loaded in axial direction,
the material is falls in stress field in different scale (all trend
surface and subatomic levels) for reduction of stress field
conditions, the materials are deformed as strains. By definition,
the material’s compressive strength fails completely when that
UCS stress value reached to ultimate compression stress. The
UCS is usually obtained experimentally by means of a
compressive test were illustrated by ASTM D7012, ASTM
D2938 and ASTM C39/C39M. The UCs of the material was
corresponding to the stress value in rapture point in stress-strain
curve which is shows the final tolerance (Kett, 2009).

In this study used the universal testing machine (UTM) for
evaluate the uniaxial compressive strength of concrete samples
after preparations. Figure 3 are is the view of the UTM device and
a sample which being tested on this device.

Figure 3. The UTM test device

After conducting the UCS test on studied samples the
variation of concrete compressive strength (o) for 7, 28 and 90
day ages are estimated and prepared the results which is
attempted to find relationship between nanosilicate percentage
and o,.

3. Results and discussions

Table 2 is presented the mix design scheme of concrete
samples preparation. In this mix design the first mix (Mix 1) is
used as a control example to evaluate the nanosilicate behavior
compared to the initial state. The results of the observational tests
are presented in Table 3 and figure 4. According to this figure, the
variations of o, for samples are increases form 7 day to 90 day
ages and nanosilicate contain in these samples are zoro. As results
of UCS, the 22.13 MPa to 29.31 MPa is measured for the
samples.

Table 3 Results of UCS test for mix design 1 (non nano-silicate)

Mix  Sample Uniaxial compressive strength (MPa)

No. 7 day age 28 day age 90 day age
M1Al 22.13 27.55 29.11
M1A2 22.17 27.96 29.31

M1A3 22.25 28.02 28.59
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Figure 4. UCS variation of Mix 1 samples

By addition of the nanosilicate to the concrete mixture, it is
expected that the resistance value of uniaxial samples show
increase which is represented the link of nanoparticles impact of
strength of concrete. For this purpose, it has been attempted to
increase the percentage of nanomaterials added to the concrete in
a stepwise manner to evaluate the variation of different ratios for
concrete strength vs variation of different ratios for nanosilicate.
The table 4 and figures 5 to 7 are present the variation of UCS for
concrete samples contain 2% nanosilicate in mixture (Mix 2 to
Mix 4). According to the results of UCS experiments, the o, for
samples are increases form 7 day to 90 day ages were 28.11 MPa
to 36.88 MPa.

Table 4 Results of UCS test for mix design 2/4 (2% nanosilicate)

Mix  Sample Uniaxial compressive strength (MPa)

No. 7 day age 28 day age 90 day age
2 M2A1 28.71 36.36 38.70
2 M2A2 28.69 35.98 38.63
2 M2A3 28.11 36.57 38.85
3 M3A1 28.59 36.04 38.83
3 M3A2 29.01 36.45 38.71
3 M3A3 28.63 36.99 38.49
4 M4AL 28.98 35.98 38.24
4 M4A2 28.63 36.12 38.88
4 M4A3 29.01 36.56 38.79

Zg

- u 7 day

= =28 day
=90 day

MIAL M2A2 M2A3

Samples

Figure 5. UCS variation of Mix 2 samples
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Figure 7. UCS variation of Mix 4 samples

As can be seen in the above figures, an increase of 2%
nanosilicate to concrete samples approximately increases its
uniaxial compressive strength from 5.98 MPa for 7 day ages to
7.57 MPa for 90 day ages. In the next step, we increase the
nanosilicate content of concrete samples from 2% to 4%. In this
increase other concrete properties are considered as same for all
mixtures. Table 5 and figures 8 to 10 are illustrated the variation
of UCS for concrete samples contain 4% nanosilicate in mixture
(Mix 5 to Mix 7). According to the results of UCS experiments,
the o, for samples are increases form 7 day to 90 day ages were
24.58 MPa to 42.46 MPa.

Table 5 Results of UCS test for mix design 5/7 (4% nanosilicate)

Mix  Sample Uniaxial compressive strength (MPa)

No. 7 day age 28 day age 90 day age
5 M5A1 24.45 38.72 42.42
5 M5A2 24.48 37.92 42.36
5 M5A3 25.71 38.63 42.58
6 M6AL 25.11 38.63 42.46
6 M6A2 25.56 38.46 42.22
6 M6A3 24.68 38.84 42.42
7 M7A1 24.63 37.99 42.35
7 M7A2 25.49 38.51 42.48
7 M7A3 24.56 38.72 42.55
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Figure 8. UCS variation of Mix 5 samples
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Figure 10. UCS variation of Mix 7 samples

According to the above figures, an increase of 2% to 4%
nanosilicate to concrete samples approximately increases its
uniaxial compressive strength from 3.53 MPa for 7 day ages to
5.58 MPa for 90 day ages (compared to 2% nanosilicate samples)
and increases UCS from 2.45 MPa for 7 day ages to 13.15 MPa
for 90 day ages (compared to observational samples). Based on
the measured results, it can be concluded that the slope of the
changes has a significant trend in increasing uniaxial strength in
concrete specimens. During the final stage, the nanosilicate
content in concrete samples is increasing from 4% to 6%. Table 6
and figures 11 to 13 are illustrated the variation of UCS for
concrete samples contain 6% nanosilicate in mixture (Mix 8 to
Mix 10).

Table 6 Results of UCS test for mix design 8/10 (6% nanosilicate)

Mix  Sample Uniaxial compressive strength (MPa)
No. 7 day age 28 day age 90 day age
8 MB8AL 37.87 42.77 47.38
8 M8A2 37.45 42.58 47.63
8 MB8A3 37.50 42.69 47.47
9 M9A1L 37.45 42.59 47.19
9 M9A2 38.03 42.74 47.38
9 M9A3 37.96 42.63 47.60
10 M10A1 37.44 42.70 47.55
10 M10A2 37.89 42.77 47.63
10 M10A3 38.03 42.75 47.47
6,0 -
50 -
% 30 - 7 day
= m 28 day
20 A =00 day
10 4
0 4
MBAL MBA2 MBA3
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Figure 11. UCS variation of Mix 8 samples
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Figure 13. UCS variation of Mix 10 samples
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According to the results, the o, for samples are increases form
7 day to 90 day ages were 37.45 MPa to 47.63 MPa which an
increase of 4% to 6% nanosilicate to concrete samples
approximately increases its uniaxial compressive strength from
12.87 MPa for 7 day ages to 5.17 MPa for 90 day ages (compared
to 4% nanosilicate samples); increases UCS from 9.34 MPa for 7
day ages to 10.75 MPa for 90 day ages (compared to 2%
nanosilicate samples) and increases UCS from 15.37 MPa for 7
day ages to 18.32 MPa for 90 day ages (compared to
observational samples).

By applying the regression analysis on nanosilicate changes
with concrete samples’s UCS, able to evaluate the strength
fluctuations in concrete samples. Table 7 is present the statistical
analysis of UCS results variation and figure 14 is illustrate the
UCS variations measured form samples and figures 15 and 16 is
presented nanosilicate impact on concrete compressive strength
enhancement.

60
50 4
~ 40
E
- 30
5
20 A — 7 day
——28 day
10 1 00 day
0 T T . )
0 10 20 30 40

Samples No.

Figure 14. Variation of UCS in samples
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Figure 15. Variation of nanosilicate vs UCS in samples
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Figure 16. Regression analysis of nanosilicate vs UCS in samples

Table 7 Statistical analysis of UCS vs nanosilicate results variation

Mix Samples Standard deviation Variance Skew
No. 7 day 28 day 90 day 7 day 28 day 90 day 7 day 28 day 90 day
1 M1Al/ M1A2/M1A3 0.061 0.255 0.371 0.003 0.065 0.138 0.935 -1.625 -1.185
2 M2A1/ M2A2/M2A3 0.340 0.299 0.112 0.116 0.089 0.012 -1.725  -0.822  1.007
3 M3A1/ M3A2/M3A3 0.231 0.476 0.172 0.053 0.227 0.029 1.674 0.405  -0.837
4 M4AL/ M4A2/MAA3 0.211 0.302 0.346 0.044 0.091 0.012 -1.693 1324  -1.601
5 M5A1/ M5A2/M5A3 0.719 0.438 0.113 0.516 0.192 0.012 1728  -1.650  1.205
6 M6AL1/ M6A2/M6A3 0.440 0.190 0.128 0.193 0.036 0.016 0.068 0.313 -1.545
7 M7AL/ M7A2/M7A3 0.517 0.375 0.101 0.268 0.141 0.010 1696  -1.144  -0.852
8 M8AL1/ M8A2/MBA3 0.229 0.095 0.126 0.052 0.009 0.016 1.640 -0.467 0.801
9 M9AL/ M9A2/MIA3 0.316 0.077 0.205 0.100 0.006 0.042 -1.637  1.229 0.218
10 M10A1/ M10A2/M10A3 0.308 0.036 0.080 0.095 0.001 0.006 -1.339 -1.152 -3.996
the amount of nanosilica in the samples, UCS is increased and
4. Conclusion mechanical properties of concrete improved under loading. As

The effects of the addition of different nanosilica dosages
contain 0%, 2%, 4% and 6% on compressive strength and
engineering properties of concrete. For this purpose, totally 10
mixing scheme and 30 concrete laboratory samples (10x10x10
cm cubic specimens) are prepared with water/cement ratio (W/C)
as 0.35. According to the experimental investigators by increasing

results for zero nanosilcate concrete (observational Mix 1) is
estimated from 22.13 MPa to 29.31 MPa. By additional 2%
nanosilicate in mixture (Mix 2 to Mix 4), the UCS of samples are
increases form 7 day to 90 day ages as 28.11 MPa to 36.88 MPa
which approximately increases its uniaxial compressive strength
from 5.98 MPa for 7 day ages to 7.57 MPa for 90 day ages. By
increasing the nanosilicate content of concrete samples from 2%
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to 4%, the o, obtained as 24.58 MPa to 42.46 MPa for samples
which UCS increases 3.53 MPa for 7 day ages to 5.58 MPa for 90
day ages (compared to 2% nanosilicate samples) and increases
UCS from 2.45 MPa for 7 day ages to 13.15 MPa for 90 day ages
(compared to observational samples). The UCS measured for
concrete samples contain 6% nanosilicate in mixture (Mix 8 to
Mix 10) are estimated as 37.45 MPa to 47.63 MPa which
approximately increases its uniaxial compressive strength from
12.87 MPa for 7 day ages to 5.17 MPa for 90 day ages (compared
to 4% nanosilicate samples); increases UCS from 9.34 MPa for 7
day ages to 10.75 MPa for 90 day ages (compared to 2%
nanosilicate samples) and increases UCS from 15.37 MPa for 7
day ages to 18.32 MPa for 90 day ages (compared to
observational samples).
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