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Abstract. : Concrete is the most versatile material. Due to the continuous and increasing demands made on
concrete to fulfill various and difficult requirements, intensive and extensive research is being carried out in
concrete technology area. The long-term behavior of reinforced concrete structures is influenced by many factors
that generally depend upon one or more of the following: material properties, geometry of the structure, load
history and distribution, and the environmental conditions. Engineers are continuously pushing the limits to
enhance concrete performance with the aid of advanced chemical admixtures and supplementary cementitious
materials like Nano Silica (NS), Fly Ash (FA), Silica Fume (SF), slag etc. NS is the subject of one of research
areas in nano technology. In this study, shrinkage behavior of NS concrete was investigated. Mechanical
properties were determined in terms of compressive strength tests which were performed at different ages up to 28
days on cubes of 150x150x150 mm according to the Egyptian Code of Practice. It was found that the compressive
strength increased about 40% by addition of 4% NS compared to the control mix. The dimensions of concrete
specimens used for measuring shrinkage strains were 100x100x500 mm. It was found that all specimens
containing NS have larger values of shrinkage than the control concrete. The specimens which contain 4% NS had
the lowest values of shrinkage and that contain 2% NS had the largest values of shrinkage if they compared to
other NS specimens.
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1. INTRODUCTION and wear resistance of concrete [4—8]. Besides,
the addition of NS and nano titanium could
observably enhance the flexural fatigue of
concrete [9]. It was concluded that the NS can
make thicker of cement paste and accelerate
cement hydration. In addition, the increase of
NS can increase bond strength more than
compressive strength [10]. Some works also
concluded that mechanical properties of ultra-
high performance concrete incorporating nano
materials were increased by increasing the
amount of nano materials [11, 12].

Nano materials have been widely used to
enhance the concrete performance since they act
as an excellent modified admixture because of
the influence of surface and interface, quantum
size, pozzolanic reaction, and macroscopic
quantum tunnel. Researchers have presented
more efforts to improve the concrete
performance using nano materials. They
observed that nano materials can improve
mechanical properties with significant benefits
in terms of long-term life time [1-3].

It is well known that concrete drying
shrinkage depends on several factors including
aggregate content and particle size. The

Many researches mentioned that the
incorporation of Nano Silica (NS) could
improve the mechanical properties, durability,
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addition of supplementary cementing materials
such as fly ash and slag may modify shrinkage
behavior of concrete. For example, fly ash
could reduce shrinkage at different ages, while
shrinkage increases with increasing the amount
of slag [13—18]. The inclusion of steel fiber in
concrete increases porosity and, consequently,
increases the rate of early drying shrinkage
[19]. NS causes an enhancement in both pore
structure of cement paste and the hydration
products and reduces free water. Hence, NS is
preferred to control concrete shrinkage [20].

Since most of researches focused on
studying the effect of NS on compressive
strength, the main objective of this work is to
increase and improve our knowledge of the
time-dependent behavior of concrete mixes
incorporating NS. Many factors, which affects
the time-dependent behavior of NS concrete,
were investigated. Experimental setup was
prepared for concrete specimens to practically
explore the influence of adding NS on the
concrete compressive strength and shrinkage.

2. Experimental Work

The experimental program, which was carried
out at Construction Research Institute, (CRI) of
National Water Research Center (NWRC) has
intensively investigate
mechanical properties and time-dependent
deformations. Mechanical properties were
expressed in terms of compressive strength and
time-dependent deformations were presented in
terms of shrinkage strains. Investigated
specimens were divided into three groups A, B,
and C as shown in Tables (1-3), respectively.

been designed to

Nano silica was added to the concrete mixes as
percentage of the cement content by mass.
Specimens within each group were classified
according to the percentage of NS added since
each one of three groups contain four mixes
incorporating 0%, 2%, 3%, and 4% NS
specimens. The cement content of group (A) is
400 kg/m?® with w/c ratio of 0.4 , while the
cement content of group (B) is 550 kg/m? with
the same w/c ratio. The cement content of
group (C) is 550 kg/m?* with w/c ratio of 0.3.

TABLE 1. Mix proportions of group (A) mixtures.

Weight per unit volume (kg/m?)
0,
Code NS% wic NS SP Cement Dolomite Sand Water
A-NO 0 0 8
A-N2 2 8 10
AN3 3 0.4 2 2 400 1200 600 160
A-N4 4 16 12
TABLE 2. Mix proportions of concrete group (B) mixtures.
NS Weight per unit volume (kg/m?)
Code % wic NS SP Cement Dolomite Sand Water
B-NO 0 0 8
B-N2 2 8 10
BN3 3 0.4 2 T 550 1200 600 220
B-N4 4 16 12
TABLE 3. Mix proportions of concrete group (C) mixtures.
. . 3
Code I(\;OS W/C Weight per unit volume (kg/m-)
NS SP Cement Dolomite Sand Water
C-NO 0 0 8
C-N2 2 8 10
CN3 3 0.3 B T 550 1200 600 165
C-N4 4 16 12

2.1 Materials

Ordinary Portland cement (CEM 1 42.5 N) with

surface area of 3500 cm2/g and specific gravity

of 3.15 from Suez Cement Company was used.
It was produced according to Egyptian Standard
Specification. NS with particle size ranging
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from 10 to 75 nm, average surface area of 400 to
600 m2/g, and purity of 99.9% was used.

The morphologies of NS were determined
through Transmission Electron Microscopy
(TEM) at central metallurgical research institute
as shown in Fig. 1. It was shown that NS
particles are  characterized by  highly
agglomerated clusters with the size of 10 to
75nm.

XRD pattern of the NS sample as displayed in
Fig.2 showed that silica is observed at a peak
centered at 2 Theta (©) = 23 ° that indicates the
amorphous nature of the nano silica particles.
The fine aggregate, which used in specimens,
was natural siliceous sand with a specific gravity
of 2.64 and fineness modulus of 2.34. The
coarse aggregate was dolomite with a nominal
maximum size of 12 mm.

4*'

Fig 1. TEM photographs of NS.
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Fig 2. XRD of NS.

Super plasticizer admixture with a density of
1.10 g/cm® was used. The recommended
dosage is 1% to 3% of cement mass and the
content was adjusted to prevent segregation.

2.2 Mixing Procedures

Firstly, super plasticizer was mixed with a
small part of mixing water, and then nano
particles were added to the mixer and stirred at
high speed for 5 minutes. The concrete
mixtures were produced using a rotating drum

mixer of 100 liters capacity. Oiling of the
mixer was carried out prior to preparing the
first mix. The oiling operation controlled the
effect of the mixer dryness/wetness condition
on the first intended mix. Also, it eliminated
any doubts regarding the use of a damp drum
mixer on the results of the first mix. Secondly,
coarse aggregates, sand, and cement were
mixed for 2 minutes in the mixer, then the
mixture of water, super plasticizer and nano
particles were slowly poured in and stirred for
another 2 minutes to achieve proper
consistency and workability.

Workability of concrete was measured by
concrete slump test which was performed for
each batch of fresh concrete. Super plasticizer
affects concrete workability in a unique way,
and it was important to maintain the intended
workability.

2.3 Testing
2.3.1Compressive Strength Test

2.3.2

Compressive strength test was performed on
cubes of 150x150x150 mm in dimensions at 7
and 28 days after casting. Specimens and
testing machine are shown in Fig. 3. All
specimens were continuously water cured until
the time of testing.

Shrinkage Test

Shrinkage strains measurements were done on
prisms of 100x100 mm cross section and 500
mm in length. The prismatic specimen is
recommended by the standard test method
ASTM C 157. It is expected that if the length is
much greater than the dimensions of the cross
section, then shrinkage will occur only in the
long direction. Measurement of time-
dependent length change can provide the one
dimensional shrinkage for concrete.

The time-dependent strain measurements of
shrinkage were performed according to the
recommendations of Acker [21]. At the day of
test beginning, specimens were taken out from
water. Then its outer surface was dried and
cleaned from moisture. For each shrinkage
specimen, one pair of gauge points, with an
effective gauge length of 300 mm, was fixed
on each surface of two opposite sides as shown
in Fig. 4.

3.Results and Discussion

3.1 Effect of Nano Silica on Compressive
Strength
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The results of compressive strength at the ages
of 7 and 28 days are given in Table 4, Table 5,

process at the age of 28 days.

TABLE 4. Compressive strength values of

and Table 6. These tables depict that

compressive  strength  values  increased

group (A) specimens.

obviously by increasing the ratio of NS for all Code 7 days 28 days
(kg/cm?) (kg/cm?)

A-NO 225 325

A-N2 272 392

A-N3 262 402

A-N4 357 455

Fig 4. Shrinkage specimen.

As for the 28 days results, adding NS
obviously increases the compressive strength.
The compressive strength increases by 40%,
29% and 23% by the addition of 4 % NS
compared to the control mix of group (A), (B),
and (C), respectively. This can be recognized
by the role of NS as nuclei for cement paste to
promote the hydration of cement because of its
pozzolanic reaction with CH. This reaction
produces increased quantity of CSH gel, which
has a positive effect on both cohesion between
aggregates and mechanical properties of
concrete. It was stated that nano particles can
fill a significant part of voids existing in the
matrix of cement paste and results in
refinement in microstructure, regarding their
ultra-fine dimension [22, 23]. Although at
early stages agglomerates can significantly
affect the strength gain, agglomerated particles
in the mixture that had not completely
dissolved will reduce the porosity and
capillaries of CSH. The density of the CSH
will somewhat increase in the plastic form and
transform into a denser compression resisting
structure after the completion of hydration

TABLE 5. Compressive strength values of

group (B) specimens.

7 days 28 days
Code (kefemd) | (kg/em?)
B-NO 325 433
B-N2 361 481
B-N3 383 503
B-N4 427 557

TABLE 6. Compressive strength values of

group (C) specimens.

7 days 28 days
Code (kg/cm?) (kg/cm?)
C-NO 368 472
C-N2 382 501
C-N3 398 527
C-N4 441 581

3.2 Effect of Nano Silica on Shrinkage Behavior

The development of shrinkage strain with time
for tested specimens is shown in Figs. (5-7).
These figures display that the existence of NS
concrete increased shrinkage strain of concrete,
mainly after the period of 10 days after drying.
At the early drying period (up to 10 days), the
shrinkage strain changes slightly in specimens
that contain NS. For later drying periods, the
shrinkage strain of group (A) specimens
increased by about 52%, 44%, and 21% for
2%, 3%, and 4% NS respectively after 98 days
under drying. This means that the specimen
contains 2% NS has the largest value of
shrinkage strain rather than 3 and 4% NS
specimens. Cement generally shrinks during
hydration reaction. The existence of concrete
drying shrinkage can be attributed to the
presence of high amounts of finer CSH holding
higher amounts of gel water which was
released during drying [24]. In addition, all
figures displayed that the shrinkage strain
increased largely up to about 50 days after
which the shrinkage strain development
becomes slower.
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Fig 10. Effect of cement content on shrinkage
strain of 3% NS specimens.
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Fig 11. Effect of cement content on shrinkage
strain of 4% NS specimens.

3.4 Effect of Water to Cement Ratio on
Shrinkage Behavior

One of the most important factors influencing
shrinkage is the w/c ratio. Figure 12 to Figure
15 display the effect of w/c ratio on shrinkage
behavior of 0%, 2%, 3%, and 4% NS
specimens, respectively. It was observed that
the shrinkage strain has nearly the same value
up to 10 days for specimens made with w/c
ratio of 0.4 and 0.3. This is valid for 0%, 2%,
3%, and 4% NS specimens. After 10 days, the
effect of decreasing the w/c ratio from 0.4 in
group (B) to 0.3 in group (C) appears
obviously in decreasing the shrinkage strain
which means that the lower the w/c ratio, the
lower the shrinkage experienced by the
concrete specimen. At high w/c ratios, drying
shrinkage increases but autogenous shrinkage
decreases with an overall increase in shrinkage.
On the other hand, low w/c ratios lead to
decrease in drying portion and an increase in
autogenous one. As the strength of concrete
increases too, the global influence of
decreasing w/c ratio is a decrease in total
shrinkage. It is well established that effects of
cement content and water content on drying
shrinkage are indirect [25]. These effects are
largely related to the fact that they change the
paste volume, and consequently, change the
amount of aggregates and its restraining effect
[25, 26].
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4.CONCLUSIONS

The main objective of the current research
work was to improve our knowledge of the
time-dependent behavior of NS concrete.
Time-dependent behavior of NS concrete was
investigated in terms of its mechanical
properties and time-dependent deformations.
Mechanical properties were expressed in terms
of compressive strength tests which were
carried out at different ages. Time-dependent
deformations were expressed in terms of
shrinkage strains. From compressive strength
tests, it was found that compressive strength
changes slightly in specimens that contain NS
at the early ages (up to 7 days). As for the 28
days results, inclusion of NS obviously
increases the compressive strength. The
compressive strength increases by 40%, 29%
and 23% by the addition of 4 % NS compared
to the control mix of group (A), (B), and (C),
respectively.

Shrinkage tests indicated that all specimens
containing NS had larger values of shrinkage
strain than the control concrete. The specimens
which contain 4% NS had the lowest values of
shrinkage and that contain 2% NS had the
largest values of shrinkage in comparison with
other NS specimens. The effect of other factors
such as w/c ratio and cement content was also
investigated in this research. It was observed
that the lower the w/c ratio; the lower the
shrinkage experienced by the concrete
specimen. It was observed that there is an
inverse relationship; between the cement
content and the shrinkage strain since
increasing the cement content led to a
noticeable decrease in shrinkage strain.
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