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ABSTRACT

In this paper, an experimental investigation on the use of silica fume and amorphous Nano
silica on compressive and tensile strength of HSC was done at different cement contents. The
percent of Silica fume and Nano silica were 10% and 1% respectively. Three cement contents,
namely, 500 kg/m?, 600 kg/m® and 700 kg/m>were used. All tests were performed at 28 and
56 days. Silica fume and amorphous Nano-silica are used as partial replacement of cement.
Further investigation was carried out by combined replacement of silica fume (10%) and
Nano silica (1%) of cement in the same mix. Compressive and split tensile strength of these
mixes were measured and compared with the control concrete specimens. The experimental
test results showed that concrete prepared with (1%) nano silica showed a good comparable
strength (either compressive or splitting tensile) than the other two concrete mixes of
10%silica fume or combined silica+nano concrete. The test results showed also that there is a
decrease in ratio of tensile to compressive strength as cement content increased for both 10%
silica fume concrete and 1% nano silica concrete due to the more increase in
compressive strength gain.

Keywords: High Strength Concrete, Silica Fume, Nano Silica, Silica Fume,
Replacement, Compressive Strength, Tensile Strength.

INTRODUCTION

High Strength Concrete, HSC; offer many advantages and it has been gradually replacing
normal strength concrete due to its improved mechanical characteristics. Silica fume is one of
the most important components in HSC micro-structure quality improvement, therefore
extensive research is directed towards the performance of pozzolana concrete in recent years.
Moreover, Nano silica is, also, appears to be one of the attractive cement and silica fume
substitution alternatives for many researchers in order to study the effects of its incorporation
on fresh and hardened concrete properties.

The construction industry uses concrete to a very large extent, cement is one of the important
components of concrete, and the production of high strength concrete is more important and
increasing day-by-day and the requirement high cement content. High strength concrete with
high strength and durability properties offer many advantages and they have been gradually
replacing normal strength concrete due to their improved mechanical characteristics and low
permeability [1].Portland cement production is one of the major reasons for CO, emissions
into atmosphere as required to generate electricity during the cement manufacturing process.
Hence to reduce the consumption of cement, the application pozzolana materials is
increasing in the form of a partial replacement of cement for concrete preparation. The use of
pozzolana's for making concrete is considered efficient, and it allows the reduction of the
cement consumption while improving the strength and durability's of concrete.
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Silica fume is one of the most important components in concrete micro- structure quality
improvement, Therefore extensive research is directed towards the performance of
pozzolana concrete in recent years when is added to cement it acts as a filler to fill the
gaps between cement particles resulting in finer pore structure. Also more C-S-H gel can be
formed in silica fume concrete due to the reaction that occurs between the silica and the Ca
(OH)z in hydrating cement.

Nano silica appears to be one of the attractive cement substitution alternatives for many
researchers, several researchers have studied the effects of its incorporation on fresh and
hardened concrete properties, Susheel etal [2] studied the effect of incorporating constant
partial replacement of (5%) Silica fume in addition to variable partial replacement of Nano
silica from (0%) to (4%) of (1%) Nano on concrete properties (cement is replaced by silica
fume and Nano silica and added together in one concrete mixes) [4]. He found that the
highest compressive strength with (3%) of Nano silica and (5%) of silica fume.Also in case
of split tensile strength,the highest strength with (2%) of Nano silica and (5%) silica fume
appears to be the optimum in present condition for split tensile strength.

Quing etal [3] reported that Nano silica improved the bond strength of paste- aggregate
interface, additional studies have also concluded that pozzolanic activity of Nano silica was
much greater than that of silica fume, Li H etal [4] suggested that Nano silica was valuable
for enhancing abrasion resistance of pavement, Lin K.L. etal [5] reported that Nano silica
particles could potentially found that when Nano silica particles uniformly dispersed in
cement paste they will accelerate cement hydration due to their high activity, owing to the
unique properties of Nano silica it seems that it has a potential to be utilized in production
of high strength concrete, Hence more assessment are necessary to ensure usage possibility
of Nano silica particles were incorporated into ordinary cement and compressive strength,
flexural and behavior.

MATERIALS AND METHODS:

The details descriptions of materials used through this investigation, particularly cement,
silica fume, Nano silica. Silica fume, aggregate, water and chemical admixtures were
chosen from the available materials in Egypt.

Cement for this study is manufactured in Egypt by MBSC is ordinary Portland cement type
| of 52.5 grade. The specific gravity of the cement is 3.15. Fine aggregate, locally available
river sand (zone-11) confirming to is specification with fineness modulus of 2.95. Coarse
aggregate, machine crushed aggregate obtained from the local quarry with nominal size of
coarse (NMS) aggregate adopted in the present investigation passing sieve 10mm and
retained on sieve 5mm with a specific gravity of 2.64. Silica fume used in this experiment
contained 93.9% SiO, with average particle size of 7.38 nm. Nano silica, amorphous
pozzolanic material its reduced size of its spherical particles equal 19.4 nm. The chemical
composition of cement, silica fume and Nano silica fume are given in table (1).

Table (1) XRD chemical composition percent of cement, silica fume and nano silica.
SiO, | AlL,O; | Fe,O3 | CaO | MgO | SO; | L.O.I

Cement 215 | 368 | 276 | 615 | 4.8 - 1.35

Silicafume | 939 | 042 | 0.71 | 0.29 | 093 | 0.26 | 2.16
Nano silica | 90.90 | 0.17 | 0.07 | 0.09 [ 0.01 | 0.19 | 8.31

Water, is free from acids, organic matter suspended solids and impurities which when
present can adversely affect the strength of concrete

Concrete mix proportion:

1) M500, M600 and M700 cement content of concrete was designed as, the quantities of
mix designed is shown in tables (2, 3 and 4)

2) The W/C water cement ratio was 0.32



MECHANICAL BEHAVIOR OF HIGH STRENGTH CONCRETE INCORPORATING SILICA FUME AND AMORPHOUS NANO-
SILICA AT DIFFERENT CEMENT CONTENTS

3) The mix of Nano silica was sonication with the ultra-sonic cleaner for 15 minute at 37
temperature

4) Concrete test specimens consists of 10 mm * 10 mm * 10 mm cubes and cylinder of 10
mm diameter and 200 mm height.

5) Concrete cubes were tested at 28 and 56 days of curing to obtain the compressive strength
of concrete cylindrical specimens were tested at the 28 and 56 days to obtain the split
tensile strength of concrete.

6) The slump test for (5 to 10) Cm by change the ratio Galineme in mixes. The galineme was
master gleniumrmc 315.

Table (2) Mix design for cement content (500 kg/m®)

Mix | C, kg/m® | S.F, kg/m® | N.Skg/m? w/c | Galineme % NMS
C 500 - - 0.32 1.50% 10 mm
Cs 450 50 - 0.32 1.50% 10 mm
CN 495 - 5 (1%) 0.32 1.50% 10 mm

CSN 445 50 5 0.32 1.50% 10 mm

Table (3) Mix design for cement content (600 kg/m?)

Mix | C, kg/m® | S.F, kg/m® | N.Skg/m® | wic | Galineme % NMS
C 600 - - 0.32 2% 10 mm
Cs 540 60 - 0.32 2% 10 mm

CN 594 - 6 0.32 2% 10 mm

CSN 534 60 6 0.32 2% 10 mm

Table (4) Mix design for cement content (700 kg/m°)

Mix | C, kg/m® | S.F, kg/m® | N.Skg/m® | w/ic | Galineme % NMS
C 700 - - 0.32 2% 10 mm
Cs 630 70 - 0.32 2% 10 mm

CN 693 - 7 0.32 2% 10 mm

CSN 623 70 7 0.32 2% 10 mm

RESULTS, ANALYSIS AND DISCUSSION
A- Compressive Strength
Table (5) gives the results of compressive strength, o, for all the tested specimens at 28 and
56 days. Figure 1 shows the behavior of 28 days o against cement content for all mixes. From
the data in this figure one can notice that the compresswe stren 3qth of all mixes increases as
the cement content increase from 500 kg/m to 700 kg/m>.The rate of increasing in
compressive strength with cement content is approximately equals for cement and cement+
Nano mixes. While the mixes of cement + silica and cement + Nano + silica showed a higher
rate of increasing especially from 500 to 700 kg/m>. Moreover, the incorporating of silica
fume in mix gives more beneﬁt for compressive strength, where o, of cement + silica mix is
higher than other mixes.

As shown from the results, the presence of 1% Nano silica increase the compressive strength
of the test specimen at 28 days by 17%, 14% and 15% for cement contents of 500, 600 and
700 kg/m® respectively. This can be attributed to the effect of pozzolanic reaction of the Nano
silica material. The Nano silica reacted with the free calcium hydroxide resulting from the
hydration of cement, and the resulting compounds filled the inner pores leading to lower
permeability and higher ability to resist loads (physical effect). In addition, the resulting
compounds are active due calcium silicate hydrates, which are actually a cementation material
increasing the ability to resist high loads (chemical effect).
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Table (5) Compressive strength results

C C 500 kg/m® C C 600 kg/m® C C 700 kg/m®
28 day 56 day 28 day 56 day 28 day 56 day
Mix Oc Relative Gc Relative Oc Relative Oc Relative Oc Relative Oc Relative
MPa MPa MPa MPa MPa MPa
Cement (C) 61.8 100% 65.5 100% | 726 | 100% | 747 | 100% | 75.8 | 100% | 77.2 | 100%
Cement + 725 117% | 771 | 117% | 818 | 114% | 858 | 114% | 868 | 115% | 881 | 114%
nano (CN)
Ce”;e(”ctg)s"'c 81.4 131% | 946 | 144% | 863 | 118% | 965 | 120% | 959 | 126% | 97.8 | 126%
Eimﬁgté”;{};’ 80.5 130% | 932 | 142% | 844 | 117% | 956 | 127% | 939 | 123% | 962 | 124%
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Figure (1): Compressive strength, o, against cement content, cc, for different mixes at 28 days

A comparison between the results of the specimens containing Nano silica, silica fume and
both Nano silica and silica fumes shows the following: specimens containing 1% Nano silica
gave compressive strength results of about 85% of those of specimens containing 10% silica
fume on the average. This reflects the effectiveness of the Nano silica, which is a result of its
Nano size (average diameter = 19.4 nm) compared to the size of the Mino silica. It can also be
seen that specimens contains both 1% N.S. and 10% S.F. gave also results quite close to those
of the 10% S.F. specimens. This may be attributed to the limited amount of free lime (calcium
hydroxide) to react with both Nano silica and silica fume available in these specimens [6].

Fig.2 shows the behavior of 56 days o against cement content for all mixes. From the data in
this figure it’s clear that the compresswe strength of all mixes increases as the cement content
increase from 500 kg/m® to 700 kg/m*.The rate of increasing in compressive strength with
cement content is approximately equals for cement and cement+ Nano mixes. While the
mixes of cement + silica and cement + Nano + silica showed a lower rate of increasing from
500 to 700 kg/m®. Moreover, the incorporating of silica fume in mix gives more benefit for
compressive strength, where o, of cement + silica mix is higher than other mixes.
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Figure (2) : Compressive strength, ., against cement content, cc, for different mixes at 56 days

As shown from results, the presence of 1% Nano silica increase the compressive strength of
the test specimen at 56 day by 17%, 14% and 17% for cement contents of 500, 600 and 700
kg/m® respectively. This can be related to the effect of pozzolanic reaction of the Nano silica
material. The Nano silica with the free calcium hydroxide resulting from the hydration of
cement compound, and the resulting compounds filled the inner pores leading to lower
permeability and higher ability to resist lead (physical effect)[8]. In addition the resulting
compounds are active due to Calcium Silicate hydrates, which are actually a cementation
material increasing the ability to resist high load (chemical effect). A comparison between the
results of the specimens containing Nano Silica, Silica fume and both Nano silica and Silica
fumes shows the following: specimens containing 1% Nano Silica fume gave compressive
strength results of about 80% of those of specimens containing 10% Silica fume on the
average. This reflects the effectiveness of the Nano Silica, which is a result of its Nano size
(average diameter = 19.4 nm) compared to the size of the Micro Silica, it can also be seen that
specimens contain both 1% N.S, and 10% S.f gave also results quite close to those of the 10%
S.f specimens. This may be attributed to the limited amount of the free lime (Calcium
Hydroxide) to react with both Nano Silica and Silica fume available in these specimens [7]
and [8].

B- Splitting Tensile Strength:

Table (6) presents the experimental test results for the splitting tensne strength of concrete for
the variation of cement content, namely, 500, 600 and 700kg/m® for mixes containing 10%
silica fume (CS), mixes of 1% Nano silica (CN) and combined 10% silica plus 1% Nano silica
(CSN) tested at 28 and 56 days.

For discussing the splitting tensile strength o, behavior at 28 days, figure (3) illustrates such behavior
oy versus cement content for mixes mentioned before. From this figure, it is clear that the splitting
tensile strength. o, increases as cement content mcreases for all mixes. By regarding to table (6) one
can notices that for cement content of 700kg/m® the highest tensile strength was for
cement+silica+nano mix of 7.3MPa with relative increment of 110% with respect to the cement mix
which is the control mix and the lowest tensile strength was for the cement+silicatnano mix of
7.1MPa with relative increment of 107% with respect to the control mix. The increase in tensile
strength as cement content increase may be due to the increase of the free lime amount produced from
cement hydration that produces more calcium silicate hydrates from pozzolanic reaction so more
filling of concrete pores and so rising concrete strength. The highest strength was for
cement+silica+nano mix due to the more use of free lime in pozzolanic reaction and the lowest for
nano concrete may due to the less exploitation of the free lime amount for 1% nano silica.
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Table (6) Splitting tensile strength results

C C 500 kg/m3 C C 600 kg/m3 C C 700 kg/m3
28 day 56 day 28 day 56 day 28 day 56 day
. GOt . Ot . Ot . Ot . Ot . Ot -
Mix Relative Relative Relative Relative Relative Relative
MPa MPa MPa MPa MPa MPa
Cement (C) 5.7 100% 6 100% 6.2 100% 6.3 100% 6.6 100% 6.7 100%
Cement +
6.2 109% 6.5 108% 6.6 106% 6.8 108% 7.1 107% 7.3 109%
nano (CN)
Cement+sili
6.3 110% 7 116% 6.7 108% 71 112% 7.2 109% 7.4 110%
ca (CS)
Cement+nano
B 6.4 112% 7.3 121% 6.8 110% 7.2 114% 73 110% 75 111%
+silica, (CSN)

The effect of cement content on 56 days tensile strength was similar to that behavior at 28
days for all mixes as illustrated in figure (4). Also, cement+silicatnano mix shows the
highest tensile strength and cement+nano mix shows the lowest tensile strength with respect
to cement mix for all cement contents used. The highest strength for cement+silica+nano
mix may be attributed to the full exploitation of free lime resulted from cement hydration in
pozzolanic reaction process which has more active silica of combined nano+silica

Comparing the results of cement+nano mix, cement+silica mix and cement+ nano+ silica
mix, it can be seen that mix contain 1% N.S, gave also results quite close to those of 10%
S.f mix and also the combined mix of 1% N.S +10% S.f. This shows the effectiveness of the
Nano Silica, which is a result of its Nano size (average diameter = 19.4 nm) compared to the
size of the Micro Silica and also the limited amount of the free lime (Calcium Hydroxide) to
react with both Nano Silica and Silica fume available in these mixes [6] and [16].
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Figure (3): Splitting tensile strength, 6, versus cement content, cc, for different mixes at 28 days
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Figure (4): Splitting tensile strength, o;, versus cement content, cc, for different mixes at 56 days
One further remark with regards to economy, although mix CN containers N.S gave strength
results close to that of the mix C.S containing S.F, its cost is still high enough compared to
that of the S.F. However, it is possible with the progress in research and development to have
N.S. with lower cost.

C- Relation between compressive and splitting tensile strengths:
The ratio of tensile strength to compressive strength o/c.%, for mixes of the experimental
program is calculated and listed in table (7). Figure (5) and Figure (6) present the ratio of
tensile to compressive strength, oi/c. for all concrete mixes versus cement content for 28 days
and 56 days respectively.

Table (7) Ratio between o; and o, as a percentage
C C 500 kg/m® C C 600 kg/m® C C 700 kg/m®

Mix 28 days | 56 days | 28 days | 56 days | 28 days | 56 days
Cement (C) 9.22 9.10 8.54 8.43 8.70 8.60
Cement + nano (CN) 8.54 8.43 8.06 7.93 8.10 8.29
Cement+silica (CS) 7.74 7.40 7.76 7.31 7.51 7.57
Cement+nano+silica (CSN) 7.95 7.83 8.05 7.74 7.70 7.70

Generally there is a decrease in o/c. as cement content increased at 28 days as reported by
many investigators [15] and [16] since they stated that as the compressive strength of
concrete increased, the tensile strength decreased and consequently there is a decrease in
oi/oc Also, there is a similar effect of cement content on /o, ratio at 28days and at 56 days
for cement mix , and cement+nano mix, cement+5|llca+nano mix as oy/o. decreases from
SOOkg/m to 600kg/m then increased up to 700kg/m? but this increase still less than that of
500kg/m*® by comparing fig (5) and fig (6). For the other two mixes, cement+silica,
cement+silicatnano , there i is steady behawor of o/o. at 28 days and at 56 days for cement
content range from 500 kg/m® to 600 kg/m* but from 600 kg/m® to 700 kg/m? the behavior is
completely different from 28 days behavior to that of 56days for the same two mixes.

Comparing the test results of compressive strength with those of the tensile strength, it is
implied that the increase in the strength due to the presence of N.S., S.F. or both N.S. and S.F.
was low in the case of tension than in the case of compression. This may be explained that the
role of the pozzolanic materials in increasing the strength of the test concrete specimen is low
in case of tension than in the case of compression. The physical effect of pozzolanic material
(filling the inner pores) has a smaller role in the case of tension.
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One notices can be taken into consideration is the cost calculation for the mixes of
experimental program since the cost of 10% silica fume mix is lower than that of 1% Nano
silica mix but the strength gained from the 1% Nano silica mix is still approximately closed to
10% silica fume mix.
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Figure (5): ov/6.0, Versus cement content, cc, for different mixes at 28 days
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Figure (6): o/6.9, Versus cement content, cc, for different mixes at 56 days

CONCLUSIONS:
Within the scope of this study the following conclusions can be shown:

1. The compressive strength of concrete mixes with and without pozzolanic admixtures
increased as the cement content increased from 500 to 700 kg/m®.

2. The increase in the compressive strength at 56 days was higher in case of mixes with
pozzolanic admixtures than in the reference mix as compared to the strength at 28
days.

3. The concrete mix with 1% nano silica gave almost 90% of the compressive strength of
the concrete mix with 10% silica fume as a result of its nano size.

4. The concrete mix with 1% nano silica and 10 % silica fume gave almost the same
compressive strength of the mix with 10% silica fume, which may be attributed to the
limited amount of free lime to react with both of them.
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5. Results of the splitting tensile strength showed the same trend of results of the
compressive strength test for the different concrete mixes.

6. The ratio of the splitting tensile to compressive strength was about 9% for the
reference concrete mix at 28 and 56 days for the different cement contents. About 8 to
9% ratio was obtained for the other mixes containing nano silica and silica fume.
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