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Abstract: Nano-technology opens new horizons in structural applications through introducing nano materials.
This research is designed to study the influence of using nano silica (NS) and micro silica (MS) as a
replacement of cement weight on the early properties of cement mortar through testing 18 mixes with different
proportions. The main test variable is the dosage of the NS that equals 0, 2.5%, 5%, 7.5% and 10% for mortars
without MS while it equals 0, 2.5%, 5% and 7.5% for mortars containing 5% MS. The research also investigates
the effect of the specific area of the silica; water/binder ratio of 0.4, 0.5 and 0.6; super plasticizer dosage of 0.5,
1.0 and 1.5%; and sand to binder ratio of 2, 2.5, 3 and 3.5. Tests on the mortar mixes in fresh and hardened state
are performed. For the fresh mortars, spread on the flow table and consistency by plunger penetration are
measured for all mixes while air content and setting time are measured for selected mixes 1 to 9. For the hardened
mortars, the compressive and flexural strengths at ages of 1, 3, 7, 14 and 28 days are determined using standard
prisms. Two curing regimes water curing and air curing were investigated and evaluated. Additional mortar
specimens were prepared for all mixes to determine the water absorption at age of 28 days and length change
due to shrinkage up to 28 days. Test results demonstrated the dominant effect of NS dosage on the properties
of the mortar mix in the fresh and hardened states. Introducing NS into the mortar mixture accelerates the
hardening process, produces denser matrix, makes the paste so sticky to flow or deform and shortens the
setting time. As the dosage of NS increases, the flowability, consistency, air content and setting time decrease.
Using 2.5% NS resulted in enhancements in both compressive and flexural strengths. Increasing the NS dosage
beyond 2.5% adversely affected the strength due to the agglomeration of nano particles. Mortar mixes provided
with both NS and MS displayed better strength values than comparable mixes.
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INTRODUCTION properties of cement mortar and concrete. Studies

The Nano-technology affected many structural of cement mortars provided with NS while significant
applications through introducing nano materials. Last ten effects on rheological behavior were found [2, 3]. There is
years witnessed rapid interest of utilization of nano conflicting points of view about the optimum ratio of nano
materials in the matrix of cement based composites silica that can be used in cement composites, i.e.
especially the nano silica (NS). The NS particles works as mortar/concrete. Some researches reported the
an ultra fine filler material that improves the micro applicability of adding NS powder to the mix up to 10% of
structure of the mortar. Moreover, the NS is characterized cement weight [4, 5]. Other authors recommended that no
by its high specific surface area and consequently it is need to increase the NS proportion more than 5% as
chemically very reactive. The NS reacts with calcium adverse effect on the properties of cement composite will
hydroxide and forms more calcium silicate hydrate that result due to agglomeration of NS particles [6]. On the
enhances the mechanical properties of the mortar [1]. other hand, Oltulu and Sahin [7] concluded that addition
Researches were directed towards studying the effects of of NS powder at 1.25% increased the compressive
utilizing nano powder such as nano silica on the strength  of  mortar while  increase  the NS proportion to

demonstrated the improvement in compressive strength
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2.5% led to decrease in strength values. Therefore, there
is a need to investigate and assess the effects of utilizing
different dosages of NS in cement mortar to determine the
optimum value.

Despite the fact that the pozzolanic reaction of silica
extends to late ages up to 90 days, there is some structural
application requires the determination of early properties
such as repair materials, precast units and ferrocement [8].
So, the performance of cement mortar containing NS
powders that locally produced in Egypt need to be
evaluated at early ages.

The current research is designed to study the
influence of using NS on the early properties of cement
mortar through testing eighteen different mixes. The main Fig. 1: Transmission Electron Micrograph for the Nano
test variable is the dosage of the NS that equals 0, 2.5%, Silica powder
5%, 7.5% and 10% replacement of cement weight for
cement mortars without micro silica (MS), while it equals
0, 2.5%, 5% and 7.5% replacement of cement weight for
cement mortars containing 5% MS. Other investigated
variables include: the specific area of the silica;
water/binder ratio of 0.4, 0.5 and 0.6; super plasticizer
dosage of 0.5%, 1.0% and 1.5%; sand to cement ratio of 2,
2.5, 3 and 3.5; and curing conditions. The fresh properties
of the mortar that include flowability, consistency, air
content and setting time will be measured. The
compressive and flexural strengths at ages of 1, 3, 7, 14
and 28 days will be determined. Also the water absorption
and shrinkage will be measured as an early measure for
durability.

Experimental Program: Materials: The Portland cement
in the mixes was CEMI-42.5 N according to the European
Standard EN 197-1 [9] and produced by Suez Company,
Egypt. The cement has a specific gravity of 3.15; a
specific area by Blaine fineness method of 0.366 m /gm;2

and 2-days and 28-days compressive strengths were 22.20
MPa and 45.28 MPa, respectively. The fine aggregate was
natural siliceous sand that conforms to the requirements
of EN196-1 [10]. Micro Silica (MS) produced by
Metallurgical & Construction Chemicals, Egypt was used.
It has a Sio  content of 95.5%, a specific gravity of 2.152

and a specific surface area of 20 m /gm as obtained from2

the manufacturer. Nano silica (NS) powder produced by
the Research Center in Beni-Suef University was used.
The NS has a Sio  content of 99.8% and a specific surface2

area of 200 m /gm. The size of NS particles is in the range2

of 1-30 nm as obtained from the analysis of transmission
electron micrograph (TEM) presented in Fig. 1. A
superplasticizer namely Sikament-163M produced by  Sika

Table 1: Proportions of the Mixes.
Mix Proportions
----------------------------------------------------------------------------
Binder
-----------------------------------

Mix No C: MS: NS: S: W: :SP
1 1 - - 3 0.5 0.005
2 0.975 - 0.025 3 0.5 0.005
3 0.950 - 0.050 3 0.5 0.005
4 0.925 - 0.075 3 0.5 0.005
5 0.900 - 0.100 3 0.5 0.005
6 0.950 0.05 - 3 0.5 0.005
7 0.925 0.05 0.025 3 0.5 0.005
8 0.900 0.05 0.050 3 0.5 0.005
9 0.875 0.05 0.075 3 0.5 0.005
10 0.900 0.10 - 3 0.5 0.005
11 0.975 - 0.025 3 0.4 0.005
12 0.975 - 0.025 3 0.6 0.005
13 0.950 - 0.050 3 0.6 0.005
14 0.950 - 0.050 3 0.5 0.010
15 0.950 - 0.050 3 0.5 0.015
16 0.900 0.05 0.050 2 0.5 0.005
17 0.900 0.05 0.050 2.5 0.5 0.005
18 0.900 0.05 0.050 3.5 0.5 0.005
"C" Cement,  "MS" Micro Silica,   "NS" Nano Silica   "S" S and  "SP"
Superplasticizer   "W" Water 

Egypt was used to enhance the workability of the mixes.
It has a specific gravity of 1.20 and complies with the
ASTM C494 Type F [11].

Mix Proportions and Key Variables: The study comprises
testing eighteen mortar mixtures. The proportions of these
mixes are presented in Table 1.

Mix 1 is the control mix with sand to binder ratio of 3,
water/binder ratio of 0.5, superplasticizer dose of 0.5% of
the  binder weight and no minerals. The ratio of NS and/or
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a-Flow Table b- Plunger c-Pressure
Test Apparatus Type Air Meter

Fig. 2:  Test Apparatuses for Mortar in Fresh State.

MS (if any) will be added to the other mixes as a The superplasticizer is added to the remaining 40% of
replacement of the cement weight. In mixes 2 to 18, one of the mixing water and mixed for 1 min.
these proportions will be altered to investigate its effect The solution prepared in the fourth step is added to
as a key variable. The main variable is the dosage of NS. the mix and mixed for 1 min at low speed followed by
Mixes 2, 3, 4 and 5 contains NS percentages of 2.5%, 5%, mixing for another 1 min at high speed.
7.5% and 10%, respectively, to investigate the effect of
dosage of NS. Mixes 6 to 9 contain 5% MS and NS This mixing sequence has some similarities with the
percentage of 0, 2.5%, 5%, 7.5% NS, respectively, to one introduced by Oltulu and Sahin [7].
investigate the effect of NS for mixes containing MS. Mix
10 contains 10% MS to be compared with its counterpart Test Specimens and Methods: Tests of the mortar mixes
Mix 6 provided with 10% NS to clarify the effect of in  the  fresh  and  hardened  states  were conducted.
specific surface area of the silica. To clarify the effect of After mixing, the flowability and the consistency were
water/binder ratio, mixes 11, 2 and 12 which have a measured for all mixes. The flowability was determined by
water/binder ratio of 0.4, 0.5 and 0.6, respectively, are the spread on the flow table test according to EN 1015-3
compared. Also, Mix 3 together with Mix 13 compares the [12] (Fig. 2-a). The consistency test of the fresh mortar by
effect of water/binder ratio of 0.5 and 0.6, respectively. plunger  penetration  was  performed according to EN
The role of superplasticizer is displayed by contrasting 1015-4 [13] (Fig. 2-b). In addition, the percentage of air
results of mixes 3, 14 and 15 which have a superplasticizer content and initial and final setting time were measured for
dose of 0.5%, 1.0% and 1.5%, respectively. Mixes 16, 8, 17 mixes 1 to 9. The air content test was performed using the
and 18 demonstrates the effect of the sand to binder ratios pressure method according to EN 1015-7 [14] (Fig. 2-c)
which equal 2, 2.5, 3 and 3.5, respectively. and setting time test was performed using the modified

Mortar Mixing: A mechanical mixer with a capacity of 5 Compressive and flexural strengths' specimens were
liters and conforms to EN 196-1 [10] was used. Mixing was the standard 40x40x160 mm prisms specified by EN 196-1
performed as follows to ensure the homogeneity of the [10]. After casting and compaction using jolting
mixtures: apparatus, the molds were covered by plastic sheet and

The NS was added to 60% of the mixing water and relative humidity above 90%. After 24 hour the specimens
mixed mechanically for 1 min. were demoulded and immersed in water curing tank at
Cement, sand and MS (if any) were dry mixed in 20±1°C till age of testing. The compressive and flexural
another mechanical mixer for 1 min. strengths were determined for all mixes at ages of 1, 3, 7,
The NS solution prepared in the first step is added to 14 and 28 days. Also, additional mortar prisms were
the dry mixture prepared in the second step and prepared for all mixes to determine the water absorption at
mixed for 1 min. age  of 28  days  according  to  BS  1881:   part    122   [16].

Vicat apparatus as per EN 480-2 [15].

stored in the moisture room at temperature of 20±1°C and
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Moreover, additional prisms were prepared to measure  water and/or superplasticizer dosages in order to maintain
length  change  due  to  shrinkage for all specimens up to the same level of flowability. Contrasting the results of
28 days. The shrinkage test was performed according to Mix 10 provided with 10% MS and Mix 5 provided with
ASTM C 341 [17]. Two curing regimes were investigated: 10% NS reveals that increasing the specific surface area of
water curing and air curing. For water curing, specimens the silica from 20 gm/m  to 200 gm/m  resulted in a
were immersed in the water tank at a temperature of remarkable reduction of the flowability from 185 mm to 112
20±1°C until the age of testing of 1, 3, 7, 14 and 28 days. mm, i.e. a reduction of 39.5%. 
For air curing, specimens were left in the moisture air Water  and  superplasticizer  are  known  to  enhance
cabinet at a temperature of 20±1°C and relative humidity the  workability  and   flowability   of   the  fresh  mortar.
above 90% till the age of testing of 7 days. At 7-days age, As  expected,  increasing  the  dose  of  superplasticizer
both flexural and compressive strengths were determined from  0.5%  in  Mix  3  to  1%  and  1.5%  in  Mix  14  and
for the water and air cured specimens. Mix 15, respectively, increased the values of flowability

RESULTS AND DISCUSSION when increasing the water/ binder ratio from 0.4  for  Mix

Table 2 presents the measured physical properties in However,  the  increase  in  the  flowability  was
the fresh and hardened states, while Table 3 presents the significantly  higher  and  achieved  a  percentage of
compressive and flexure strengths determined at different 56.5% and 108.7%, respectively. The water affects both
ages. In the following subsections, the results of each the flowability and viscosity, while the superplasticizer
property and the influence of key variables on it will be reduces only the yield value, i.e. better flowability with
discussed. minor effect on viscosity.

Flowability: Figure 3 shows the effect of percentage of NS from 2 to 2.5, 3 and 3.5 resulted in a linear reduction in the
on the spread on the flow table. It is clear that as the flowability from 194 mm to 186mm, 145mm and 118mm,
percentage of NS increases, the flowability decreases for respectively. This can be attributed to the reduction of the
cement mortars with or without MS. Introducing NS into paste volume that causes an increase in the inter-particle
the mortar mixture increases its viscosity and makes the friction between fine aggregate particles. This restrains
paste so sticky to flow. So, it can be said that adding ultra the movement of the fresh mortar and hence reduces its
fine  material  such as  NS  to the  mixture  requires  higher flowability.

2 2

by 14.7% and 20.0%, respectively. Similar trend was found

11  to 0.5 and 0.6 for Mix 2 and Mix 12, respectively.

As seen in Fig.4, increasing the sand to binder ratio

Table 2: Physical Properties of the Mixes in Fresh and Hardened States.
Fresh State Hardened State
----------------------------------------------------------------------------------------------- ---------------------------------------------------------------------------

Setting Time (min) Shrinkage (%)
Flowability Consistency Air Content ----------------------------- -------------------------------------------

Mix (mm) (mm) (%) Initial Final Absorption (%) 7d 14d 28d
1 212 25 7.5 220 270 5.7 0.036 -0.003 -0.006
2 180 14 5.6 200 260 4.8 0.028 -0.006 -0.010
3 150 7 4.5 190 250 4.9 0.029 -0.008 -0.015
4 124 3 2.6 180 220 5.0 0.031 -0.014 -0.021
5 112 1 1.1 160 185 4.6 0.027 -0.013 -0.019
6 190 26 9.0 330 390 4.9 0.018 -0.009 -0.018
7 170 17 7.0 270 310 3.9 0.020 -0.012 -0.022
8 145 8 6.6 210 260 3.6 0.021 -0.013 -0.025
9 115 5 6.4 185 235 3.4 0.024 -0.018 -0.027
10 185 19 - - - 4.8 0.022 -0.011 -0.025
11 115 2 - - - 3.6 0.018 -0.005 -0.011
12 240 31 - - - 5.6 0.016 -0.007 -0.014
13 205 26 - - - 5.3 0.028 -0.008 -0.015
14 172 11 - - - 4.3 0.018 -0.012 -0.021
15 180 17 - - - 3.3 0.016 -0.007 -0.015
16 194 22 - - - 4.4 0.022 -0.016 -0.030
17 186 15 - - - 3.8 0.019 -0.013 -0.024
18 118 1 - - - 4.2 0.023 -0.010 -0.018
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Table 3: Mechanical Properties of the Mixes.
Compressive Strength, Mpa Flexural Strength, MPa
---------------------------------------------------------------------------------------- ------------------------------------------------------------------------------

Mix 1d 3d 7d 14d 28d 7d (Air) 1d 3d 7d 14d 28d 7d (Air) 
1 8.83 25.52 33.10 37.56 45.28 31.11 2.52 4.87 5.90 6.45 7.17 5.74
2 11.39 28.23 36.69 43.78 50.73 31.24 3.05 5.32 6.47 7.43 8.29 6.21
3 10.61 25.74 33.98 41.94 49.32 30.26 2.91 4.73 5.82 6.96 8.13 5.27
4 10.31 25.46 33.79 38.93 46.68 24.89 2.38 4.50 5.70 6.29 7.21 4.69
5 10.53 25.07 34.79 38.40 45.99 25.20 2.56 4.48 5.72 6.30 7.42 4.99
6 9.90 26.48 35.92 44.06 49.83 31.79 2.83 5.16 6.15 7.63 8.57 5.52
7 10.56 27.79 37.48 47.24 54.09 31.26 3.16 5.65 6.74 8.10 9.21 6.43
8 13.39 25.71 36.07 46.08 53.76 31.00 3.41 5.61 6.69 7.52 8.69 6.19
9 10.01 28.06 40.16 49.18 55.33 31.11 2.84 4.61 6.09 7.27 8.39 5.05
10 6.04 27.50 37.57 45.50 54.90 28.68 1.12 5.44 5.88 7.61 8.89 5.31
11 14.71 29.50 43.99 50.78 59.12 33.76 3.29 6.23 6.71 8.11 8.37 6.23
12 7.31 20.91 27.60 33.75 43.93 21.55 1.95 4.61 5.42 6.56 7.80 5.15
13 5.68 21.75 26.79 34.06 44.64 20.58 1.60 4.62 5.28 6.60 7.67 4.97
14 9.00 26.50 36.86 42.92 53.33 29.18 3.26 4.97 6.16 7.62 8.33 5.66
15 8.53 27.38 33.74 43.00 53.54 26.81 2.43 4.64 5.86 7.18 8.40 5.55
16 8.60 27.50 37.48 46.70 55.93 29.66 1.20 5.16 6.02 7.60 8.94 5.54
17 9.98 26.56 37.32 46.66 55.89 29.06 2.79 5.13 5.81 7.38 8.91 5.47
18 7.99 23.94 37.42 43.13 52.02 25.80 2.04 4.24 5.65 6.48 7.82 4.54

Fig. 3: Effect of Nano Silica Dosage on Flowability of Fig. 5: Effect of Nano Silica Dosage on Consistency of
Mortars. Mortars.

Fig. 4: Effect of Sand to Binder Ratio on Flowability of using 5% MS in the cement mortar or NS-cement mortar
Mortars. makes the mortar thinner and increases the consistency

Consistency: Consistency gives a measure of the
deformability of the fresh mortar when subjected to a
certain type of stress. Referring to Table 2, it can be seen
that the presence of NS in the mortar mix adversely affects
the consistency compared to the control mix. The NS
makes the mortar thicker and so reduces the plunger
penetration depth. As seen in Fig. 5, increasing the
utilized dosage of NS decreases the plunger penetration
value. For instance Mix 2 provided with 2.5% NS recorded
a plunger value of 140 mm which is 44% lower than that of
the control Mix 1. Comparing the results of mixes 1 to 4
together with mixes 6 to 9, respectively, demonstrates that
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values. Similar observations were reported by Qing el al.
[18] for cement pastes. However, further increase of the
content of MS to 10%, as in Mix 10, reduced the
consistency value by 26.9% compared to that of Mix 6
provided with 5% MS.

Contrasting the results of Mix 5 provided by 10% NS
with Mix 10 provided by 10% MS, reveals that increasing
the specific surface area causes a tremendous reduction
in  the plunger penetration depth from 19 mm to only 1
mm. Examining the consistency values of mixes 11, 2 and
12 displays  that  increasing  the water/binder ratio from
0.4 to 0.5 and 0.6, respectively, magnifies the plunger
penetration depth to 7-times and 15.5-times that of Mix 11.
On the other hand, increasing the superplasticizer dose Fig. 6: Effect of Sand to Binder Ratio on Consistency of
from 0.5%, for Mix 3, to 1% and 1.5% for mixes 14 and 15, Mortars.
respectively, increases the consistency by 57.1% and
142.9%, respectively. So, it can be concluded that the
increase of water/binder ratio or the superplasticizer
dosages, makes the mortar thinner and enables it to
experience higher deformability in the fresh state. 

Fig. 6 shows the effect of sand to binder ratio on the
consistency of mortars containing 5% silica fume and 5%
NS. A linear reduction in the consistency values from 22
mm to 1 mm was found with the increase of sand to binder
ratio from 2 to 3.5, respectively. This is logical since
increasing the sand to cement ratio reduces the paste
volume and hence increase the inter-particle friction
between fine aggregate particles. This friction forces
hinders the deformability of the fresh mortar and so Fig. 7: Effect of Nano Silica Dosage on Air Content of
produces less penetration depth values. Comparing the Mortars.
plunger penetration values with the spread on the flow
table values given in Table 2, demonstrates the direct more compacted and denser in the fresh state because the
correlation between the flowability and consistency. NS particles act as ultra fine filler for the voids between
However, the correlation varies with different proportions the cement particles. On the other hand, mixes containing
of mortar mixtures. 5% MS recorded air content values higher than that of the

Air Content: As seen in Table 2, the air content values of may be caused by the superplasticizer that reacted with
mixes 1 to 9 ranged from 1.1%, for Mix 5, to 9.0%, for Mix the MS and resulted in more air being entrapped in the
6. For mixes without MS, a considerable reduction in the matrix. Moreover, the MS replaces part of the cement and
air content was found due to the incorporation of NS. so reduces the amount of early hydration products that fill
Incorporating 2.5% NS resulted in a reduction in the air the air the voids. These effects manifested the filling
content equaled 25.3%. The NS particles act as an ultra effect of the 5% MS in the fresh state and produced
fine filler material and fill the air voids between the cement higher air content.
particles. Fig. 7 illustrates the influence of NS dosage on In order to demonstrate the effect of the specific
the air content of the fresh mortar with or without MS. It surface area of silica on the air content of fresh mortar, the
can be seen that as the ratio of NS increases the air results of Mix 3 provided by 5% NS was compared to that
content decreases. However, the rate of reduction for of Mix 6 provided by 5% MS. It was found that increasing
mixes without MS is much higher than that of mixes with the specific surface area from 20 gm/m  to 200 gm/m
MS. So, it can be said that the incorporation of NS resulted in a significant reduction in air content from 9.0%
particles into the cement mortar makes the mortar  matrix to 4.5%, i.e. 50% reduction.

comparable mixes without MS. The previous observation

2 2
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Setting Time: Table 2 presents the initial and final setting
time for mixes 1 to 9. It is worthwhile mentioning that air
content values for mortar are determined using the
modified Vicat apparatus as specified in EN 480-2 [15]
where the mass of the plunger weight is 1000 gm, not the
300 gm as the standard Vicat for cement paste.
Accordingly, the setting time values are expected to be in
a range higher than the regular values. Fig. 8 illustrates
the  variation  of  the initial and final setting time of
cement mortar mixes 1 to 5 without MS due to utilizing
different percentages of NS as a replacement of cement.
The control mix, i.e. %NS=0, recorded the longest initial
and final setting time of 220 min and 270 min, respectively. Fig. 8: Effect of Nano Silica Dosage on Setting Time of
It is obvious that both the initial and the final setting time Mortars without MS.
are shortened due to adding NS. As the percentage of NS
increases, the setting is accelerated. For example, using
10% of NS reduced the initial and final setting time by
27.3% and 31.5%, respectively. The NS resulted in a faster
reaction of cement hydration. This is due to the high
surface area of NS which is available for the chemical
reaction and the action of the NS as a chemical activator.
Also, it can be noticed that increasing the percentage of
NS beyond 5%, tends to reduce the difference between
the initial and the final setting time.

The variation of the initial and final setting time of
cement mortar provided by 5% MS due to utilizing
different percentages of NS is given in Fig. 9. The increase
of NS content shortened the initial and final setting time. Fig. 9: Effect of Nano Silica Dosage on Setting Time of
The inclusion of 2.5% NS caused a reduction in the initial Mortars with 5% MS.
and final setting time by 60 min and 80 min, respectively.
However, further increase of the percentage of NS caused Water Absorption: The percentage of water absorption at
less reduction in setting time. No clear effect was found age of 28 days was determined for the hardened mortar of
on the difference between the initial and final setting time. all mixes and presented in Table 2. As seen from the

Comparing the setting times of mixes 1 to 4 with results, the control Mix 1 experienced the highest
those of mixes 6 to 9, respectively, displays that the percentage of water absorption that equaled 5.7%.
presence of 5% MS remarkably lengthened both initial Generally, the incorporation of NS into cement mortar
and final setting time. For instance Mix 6 containing 5% reduces the water absorption value. Mixes provided with
MS has an initial and final setting time 50.0% and 44.4% NS experienced water absorption values ranged from 4.6%
higher than that of Mix 1 without MS. The MS replaces to 5.0%, for mixes 5 and 4, respectively. The presence of
part of the cement  and  so  reduces  the early stiffening the ultra fine NS particles makes the mortar matrix denser
potential. The results of Mix 3 containing 5% NS was and more compact and hence reduces the absorption
compared to that of Mix 6 containing 5% MS. The values. Mixes provided with 5% MS recorded absorption
comparison displays that increasing the specific surface values ranged from 3.4% for Mix 9 to 4.9% for Mix 6.
area of silica reduces the setting time. It can be concluded Comparing the absorption values of mixes 6 to 9 with
that the NS and MS have different influence on the initial respect to those of mixes 1 to 4, respectively, reveals a
and final setting time of cement mortar. The MS increases reduction in the water absorption values due to providing
the setting time while the NS tends to accelerate the the mortar mixes by 5% MS. For example, the inclusion of
setting process and shorten the setting time. 5% MS reduced the water absorption value from 4.9%, for
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Mix 3, to 3.6%, for Mix 8, i.e. 26.5% reduction. This can be
attributed to the pozzolanic reaction of the MS that
continues with age and consumes the calcium hydroxide
to produce additional calcium silicate hydrate. This
product fills in pores, which caused the previously
mentioned high air content values in the fresh state and
results in a refinement of the pore size distribution. This
leads to a lower permeability and a higher resistance to
absorption. So, it can be concluded that the utilization of
both nano and micro silica has a positive effect on filling
the voids in the mortar matrix and hence reduces the
absorption. Referring to Table 2, it can be seen that
increasing the water/binder ratio, increased the water Fig. 10: Development of Compressive Strength of Mixes
absorption. For example, increasing the water binder ratio Provided by NS.
from 0.4 to 0.6 increased the water absorption from 3.6 %
to 5.6% for mixes 11 and 12, respectively. On the contrary,
the absorption percentage of Mix 15 that contains 1.5%
superplasticizer equals 3.3% which is 31.3% lower than
that of Mix 3 that contain 0.5% superplasticizer. The latter
recorded an absorption percentage of 4.9%. On the other
hand, no clear correlation can be found between the sand
to binder ratio and the absorption values.

Compressive Strength: Table 3 presents the compressive
strength values for the eighteen mortar mixes determined
at ages of 1, 3, 7, 14 and 28 days. Fig. 10 shows the
development of the compressive strength of mixes 1 to 5
which contain different dosages of nano silica. The use of Fig. 11: Development of Compressive Strength of Mixes
2.5% nano silica enhanced the compressive strength of Provided by NS and 5%MS.
the mortars at all ages compared to the control mix. At
early ages of 1, 3 and 7 days the enhancement was 29.0%, to Mix 2. The reductions at age of 14 days equaled 4.2%,
10.6% and10.9%, respectively. The high early 11.1%  and  12.3%, respectively. The same trend
enhancement in the strength is due to the filling effect of continued for the 28 days age. This adverse effect is
nano silica particles that reinforces the micro structure of attributed to the agglomeration of NS particles that causes
the matrix. Moreover, the ultra high surface area of NS non-homogeneous distribution of NS particles and hence
particles accelerates the chemical reaction and hence forms  unsteady  clogs  in  the cement paste matrix [8].
contributes to the early enhancement in strength. At This phenomenon displays the need of using a more
longer ages of 14 and 28 days, the mortar mix with 2.5% innovative mixing and casting techniques for mixes
nano silica continued to show the highest enhancement containing high dosages of NS. The utilization of 5% MS
in the compressive strength that  equaled  16.6%  and increased the compressive strength of the mixes 6 to 9
12.0%, respectively. This performance is due to the filling compared to mixes 1 to 4, respectively, especially at later
effect and super pozzolanic reaction of NS. Senff et al. [1] ages. The increases at 14 days are 17.3%, 7.9%, 9.9% and
reported similar observations. 26.3%, respectively. This is a direct result of both filling

On the contrary, increasing the dosage of NS more effect and pozzolanic reaction of MS. The presence of MS
than  2.5%  resulted  in  adverse  effect  on  the  strength. strengthens the bond between the hydrated cement paste
At age of 7 days, the compressive strengths of mixes 3, 4 and the fine aggregate in the mortar. The increase at 28
and 5 that contains 5%, 7.5% and 10% NS showed a days was more pronounced due to the effect of combined
reduction of 7.4%, 7.9% and 5.2%, respectively,  compared pozzolanic reactions of NS and MS.
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Fig. 11 demonstrates the development of the can be concluded while at later ages mixes with low sand
compressive strength of mixes 6 to 9 which are provided to binder ratio tend to achieve slightly higher compressive
with 5% MS and contain different dosage of NS. Similar to strength values. The effect of curing conditions on early
the cement mortar mixes without MS, the use of 2.5% NS strength was investigated through the comparison of the
enhanced the compressive strength of the mortars at all 7 days compressive strength of two sets of specimens.
ages compared to Mix 6. At early ages of 1, 3 and 7 days The first set was cured in water while the second set was
the enhancement was 6.7%, 5.0% and 4.3%, respectively. cured in air  (Table  3).  As  seen  in Fig. 12, the air cured
This is due to the filling effect of NS and MS particles that specimens achieved lower levels of compressive strength
strengthens the cement past-fine aggregate interface and when compared to their counter part specimens cured in
acceleration of the chemical reaction due to the high water. The reduction in the strength of the control mix was
surface area of NS. At later ages of 14 and 28 days, the the lowest among the mixes and equaled 6.0%. The
mortar mix with 2.5% NS + 5% MS continued to display reduction in the strength of the mixes containing NS
enhancement in the compressive strength that equaled and/or MS was more pronounced. It ranged from 10.9%,
7.2% and 8.6%, respectively. On the other side, increasing for Mix 3, to 27.6%, for Mix 5. This can be explained
the NS dosage to 5% as in Mix 8 resulted in a temporary through the fact that cement mortars provided with silica
increase in the strength at 1 day age and then experienced particles need the availability of wet conditions, i.e. water
reductions in the later ages. Further increase of the NS curing, to assure the efficiency of the pozzolanic reaction
dosage in Mix 9 to 7.5% resulted in strength that contributes considerably to the strength of mortars
enhancements at ages 1, 3 and 7 days that equaled of provided with silica. So, it can be concluded that the water
1.1%, 6.0% and 11.8%, respectively, compared to Mix 6. curing conditions is more essential for mortars containing
At later ages of 14 and 28 days, the previous trend nano/micro silica than conventional cement mortar. 
continued, however, the enhancement in the compressive
strength equaled 11.6% and 11.0%, respectively. Flexural Strength: The flexural strengths of mixes 1 to 18

The compressive strength values of mixes 11, 2, 12 were determined at ages 1, 3, 7, 14 and 28 days, refer to
which have water/binder ratio of 0.4, 0.5 and 0.6, Table 3. In general, the flexural strength values almost
respectively, are compared. Increasing the water/binder follow similar trends exhibited by the compressive
ratio from 0.4 to 0.5 and 0.6, reduces the compressive strength values. The development of the flexural strength
strengths at 7 days by 16.6% and 37.3%, respectively, of mixes 1 to 5 containing NS is presented in Fig. 13.
while the reduction at 28 days was 14.2% and 25.7%, The use of 2.5% NS enhanced the flexural strength of
respectively. This is normal and expected for cementitious the mortar. At early ages of 1, 3 and 7 days the
composites where the higher water/binder ratio leads to improvement was 21.0%, 9.2% and 9.7%, respectively. As
the formation of more pores in the cement paste and mentioned before, this is due to the filling effect of NS
hence weakens the strength of the hardened matrix. In particles that produce stronger cement paste-fine
addition, the excess of free water in pores will contain aggregate interface. Moreover, the ultra high surface area
non-reacted NS particles. To clarify the effect of of NS particles accelerates the hardening process. At later
superplasticizer, three dosage of superplasticizer equaled ages of 14 and 28 days, the improvement in flexural
0.5, 1.0 and 1.5 were used for mixes 3, 14 and 15, strength of Mix 2 with 2.5% NS was 15.2% and 15.6%,
respectively. Increasing the dosage of superplasticizer respectively. Increasing the dosage of NS to 5%, 7.5%
from 0.5% to 1.0% led to an increase in the 7 days and 10% adversely affected the flexural strength. Mixes 3,
compressive strength equaled 8.5 %. This arises from the 4 and 5 recorded a 7 days flexural strength 10.1%, 11.9%
role of super plasticizer that provides more uniform and 11.6%, respectively, lower than that of Mix 2. This
distribution of nano and micro silica particles in the paste arises from the agglomeration of NS particles. Similar
and so produces more homogenous mixture. Increasing reductions were found at later ages of 14 days and 28
the superplasticizer dose to 1.5% resulted in a marginal days. Mixes 6 to 9 provided with 5% MS and different
reduction in the compressive strength that may be dosages of NS achieved higher flexural strength values
resulted from the initiation of segregation in the mix. when compared to mixes 1 to 4 without MS. The

The compressive strength of mixes 16, 17, 8 and 18 incorporation of MS makes the past matrix stronger and
which contains 5% NS and 5% MS and has sand to binder improves its adhesion with fine aggregate. Fig. 14 shows
ratio of 2, 2.5, 3 and 3.5, respectively, are compared. At the development of the flexural strength of mixes 6 to 9
early ages, no clear influence on the compressive strength which  are  provided with 5% MS and different dosages of
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Fig. 12: Effect of Curing Conditions on 7 Days Compressive Strength of Mortar.

Fig. 13: Development of Flexural Strength of Mixes Fig. 14: Development of Flexural Strength of Mixes
Provided by NS. Provided by NS and 5% MS.

Fig. 15: Effect of Curing Conditions on 7 Days Flexural Strength of Mortar.

NS.  An  improvement   in   the   flexural   strength   for strength  analysis,  examining  the  flexural  strength
Mix  7  provided  with  2.5%  NS  +  5%  MS  was    found values  in  Table  3,  the  positive  effect  of    increasing
at all  ages.  Increasing  the  NS  content  more    than the  dose  of   superplasticizer   to   1%   and   the negative
2.5%,  reduced  the flexural strength at all ages, except at influence   of   increasing  the   water/binder   ratio  from
1 day age. These observations agree with the 0.4  to  0.6  on  the  flexural strength can be easily
compressive  strength  results.  Similar to the compressive detected.
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As seen in Fig. 15, the flexural strength values of the the shrinkage at 28 days from -0.030% to -0.018%. This
specimens cured in air is less than those of comparable arises from the reduction of the paste volume and
specimens cured in water. The control mix experienced the increasing the amount of sand that is dimensionally
minimum reduction in the flexural strength that equaled stable.
2.7%. Mixes provided by NS and/or MS recorded higher
reduction values that ranged from 4.0%, for Mix 2, to CONCLUSIONS
19.7% for Mix 18. The air curing conditions did not
provide the mortar specimens with the adequate water Based on the analysis of test results of eighteen
required for efficient hydration and pozzolanic reaction. mortar mixtures and within the limitations of the test

Shrinkage: The length change specimens were drawn:
conditioned by immersion in water curing tank up to 7
days and then they were stored in circulating air. As seen Introducing NS into the mortar mixture accelerates the
in Table 2, all the mixes experienced expansion up to 7 hardening process, produces denser matrix, makes
days as detected from the positive value of the length the paste so sticky to flow or deform and shortens
change. This response is due to the wet conditions the setting time. 
around the specimens in the water tank. The moisture will As the percentage of NS increases, the flowability
flow from the surrounding water to the mortar matrix and and the consistency decrease; the air content lessens
cause volume increase, i.e. expansion. The expansion and the setting is accelerated.
ranged from + 0.016% to + 0.036%. No clear effect could Incorporating  5% MS into the cement mortar,
be observed at this age for the inclusion of Nano and/or reduces the flowability while it increases the
Micro silica in the mortar mixes. When specimens stored consistency and air content. Also, a remarkable
in the air, they started to experience shrinkage and the lengthening of the initial and setting time is
previously achieved expansion values continued to observed.
diminish and shrinkage took place. This is logical since Increasing  the  specific  surface  area of the silica
the mortar starts to lose water from pores through from 20 gm/m  to 200 gm/m  resulted in a 39.5%
evaporation. As a result the pressure in the air pores reduction of the  flowability;  a  tremendous
decrease and so tensile stress in the residual water reduction in the plunger penetration depth from 19
increase. These internal tensile stresses mobilize mm to only 1 mm and a 50% reduction in the air
compressive stresses in the surrounded mortar and hence content.
the mortar experiences shrinkage. The Increase of water/binder ratio or the

Referring to the 14 days shrinkage value, it can be superplasticizer dosage makes the mortar thinner and
seen that length change values ranged from -0.003% to - enables higher deformability. Raising the
0.018%. The minimum shrinkage value was experienced by superplasticizer dose from 0.5% to 1.5% increases the
the control specimen of Mix 1. In general, mixes 2 to 5 flowability by 20.0% and the consistency by 142.9%.
provided with NS exhibited shrinkage values higher than Increasing the water/ binder ratio from 0.4 to 0.6
the control mix and ranged from -0.006%, for Mix 2, to - increases the flowability by 108.7% and
0.014%, for Mix 4. Utilizing 5% MS into mixes 6 to 9 tremendously   increases   the   consistency to
resulted in further increase in the shrinkage values that 15.5-times.
ranged from -0.009 to -0.018%, respectively. The Raising  the  sand  to  binder  ratio from 2 to 2.5, 3 and
incorporation of the fine minerals such as NS and MS 3.5 resulted in a linear reduction in the flowability and
powders into cement mortar, leads to refinement of the consistency which is attributed to the increase in the
capillary pore size distribution. This causes an increase of inter-sand particles friction that restrains the
the capillary tension and hence produces higher movement of the fresh mortar.
shrinkage of the mortar. Similar behavior was found at age The    presence of   nano   and   micro   silica
of 28 days. It can be noted that, using higher sand to particles  has  a  positive  effect  on  filling the voids
binder ratios reduces the shrinkage. For instance, in the mortar and hence reduces the absorption
increasing the sand to binder ratio from 2 to 3.5 reduced values.

variables and methods, the following conclusions can be

2 2
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The utilization of low amount of NS of 2.5% as a 2. Senff,  L.,  D. Hotza,  L.   Wellington,   V.  Ferreira and
replacement of cement resulted in an enhancement in J.  Labrincha,  2010.  Mortars  with nano- SiO and
both the compressive and flexural strengths. The micro-  SiO      investigated    by    experimental
enhancements at 1 day age are 29.0% and 21.0% design. Construction  and  Building    Materials,
while at 28 days are 12.0% and 15.6%, respectively. 24(8): 1432-1437.
This is due to the multi role of NS that includes 3. Zapata, L., G. Portela, O. Suarez and O. Carrasquillo,
acting as filler, activating the hydration process and 2013. Rheological performance and compressive
promoting the super pozzolanic reaction. strength of superplasticized cementitious mixtures
Increasing the dosage of NS more than 2.5% in mixes with micro/nano-SiO  additions. Construction and
with or without MS adversely affected the Building Materials, 41: 708-716.
compressive and flexural strengths. This is attributed 4. Byung-Wan, J., C.H. Kim, G.H. Tae and J.B. Park,
to the agglomeration of the NS particles that causes 2007. Characteristics of cement mortar with nano-SiO

particles.  Construction  and  Building Materials,
Utilization of 5% MS into the cement mortar, 21(6): 1351-1355.
increased the compressive and flexural strengths 5. Ltifi, M., A. Guefrech, P. Mounanga and A. Khelidj,
which is a direct result of both filling effect and 2011. Experimental study of the effect of addition of
pozzolanic reaction of MS. nano-silica on the behaviour of cement mortars.
The air cured specimens achieved lower levels of Engineering Procedia, 10: 900-905.
compressive strength and flexural strength when 6. Oltulu, M. and R. Sahin, 2011. Single and combined
compared to their counter part specimens cured in effects of nano-SiO , nano-Al O  and nano-Fe O
water. The reductions at 7 days age are up to 27.6% powders on compressive strength and capillary
and 19.7%, respectively. The air curing conditions permeability of cement mortar containing silica fume.
did not provide the mortars with the adequate water Materials Science and Engineering A, 528: 7012-7019.
required for efficient hydration and pozzolanic 7. Oltulu, M. and R. Sahin, 2013. Effect of nano-SiO ,
reactions. nano-Al O and nano-Fe O  powders on compressive
Mortar mixes provided with NS and MS experienced strengths and capillary water absorption of cement
relatively higher values of length change due to mortar containing fly ash: A comparative study.
shrinkage. Energy and Buildings, 58: 292-301.
Mortar provided with 2.5% NS and 5% MS recorded 8. Boshehrian, A. and P. Hosseini, 2011. Effect of nano-
enhancements in the 1 day compressive and flexural SiO particles on properties of cement mortar
strengths equaled 19.6% and 25.4%, respectively, applicable for ferrocement elements. Concrete
while at 28 days the enhancements are 19.5% and Research Letters, 2(1): 167-180.
28.5%, respectively. 9. EN (European Standard) 197-1: 2004. Cement:
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