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Abstract :The research goal is the study of fiber content and fiber type influences on NSC compressive and
tensile strengths. fiber type[(steel, polypropylene and glass ) and fiber content were studied. A constant
water/binder equals to 0.45 and aconstant binder content =400kg/m® were used. the percentages of nano
silica[NS] that replaced cement in this research were 0 and1.5%. Polypropylene fiber [PPF] with 12mm length
and 4 dosages of 0%, 0.2%,0.4% and 06.% are used. Glass fiber [GF] with 18mm length and 4 dosages of 0%,
0.2%,0.4% and 06.% are also used. Steel fiber [SF] with 50mm length,0.5mm diameter and 4 dosages of 0%,
0.4%,0.8% and 1.2% are used. The results illustrated that 1.5%NS has improvement on normal concrete
compressive and tensile strengths. Increasing of SF content from 0.4% to 1.2% has significant improvement on
NSC compressive and tensile strengths. PPF and GF addition caused decreasing on NSC compressive and
tensile strengths.
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I.  Introduction

Many of engineering applications such as, earthquake-resistant structures, pavements, tunnel lining,
industrial floors ,bridges ,pipes and hydraulic structures use fibers concrete. Because of the fibers addition,
plain concrete can be transformed from not ductile material to semi ductile or ductile material. The enhancement
occurred in the region of toughness and ductility. Thus fiber reinforced concrete [ FRC ] enhances the growth
and formation resistance of cracks [1]. The fibers important role is the resistance of cracks formation and
growth. In addition, FRC improves ultimate strain and concrete tensile strength [2—7]. The main important
properties of FRC are, absorption of energy and impact resistance. These properties help FRC to play main role
in technology of concrete [8-11]. Energy absorption can mainly reduce the failure risk in concrete structures,
especially under live loads[12]. Nano technology is one of the most promising regions of science. Using nano
materials in concrete is new revolution. Nano materials such as nano titanium oxide, NanoSilica [NS], nano
alumina, which are added in concrete to improve its strength. Recently Nano Technology has been introduced
in the applications of Civil Engineering. One of the most used nano material is (NS). NS has more pozzolanic
nature, it posses the ability to interact with the free lime during cement hydration and forms additional C-S-H
gel which gives strength, durability and impermeability to concrete. NS is one of the blending materials used to
enhance the concrete properties. NSC is stickier than normal concrete owing to large surface area of NS, also it
has better permeability resistance [13] NS was considered one of good blending Materials. Many searches have
illustrated that adding NS to concrete leads to improvement in strength, impermeability and abrasion resistance
[14-17]. Mohammad Reza Zamani Abyaneh, et al (2013) [18] have illustrated that the concrete produced with
Micro-silica and NS show high of quality in their compressive strength than the concretes which only have
Microsilica in their mixtures. Samples of 2% NS and 10% Microsilica had less absorption and more resistance
of electricity.

Il.  Materials

The materials which used in mixes were examined according to American Standard of Testing
Materials ASTM and Egyptian Standard Specifications ESS. Basalt with maximum size = 25 mm and
approximately flaky shape was used. Natural sand was used as a fine aggregate in this search. Ordinary cement
was used and its content equal to 400kg/m? for all concrete mixes . Supper-plasticizer was added to give the
water/ cement = 0.45 with slump equals to (6-11) cm. Steel fiber (SF) used of 50 mm length and 0.5 mm
diameter. PPF of 12 mm length and glass fibers(GF) of 18mm length were used. this search used NS with
content of solid more than 99%, its content was 1.5% replacement from cement weight . The NS was brought
from Nanotech Egypt. The color of NS was white, powder appearance, spherical shape, and average size =56+8
nm.
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I11.  Concrete Mixes Proportion
In all, 11 mixture proportions were made, and the first mix was (without NS and fibers). The second
was mix of (1.5%NS and without fibers). There are 3 proportions of SF mixed in 1.5% NSC by volume ranged
from 0.4% to 1.2% and 3 proportions a of PPF mixed in 1.5% NSC by volume ranged from 0.2% to 0.6% .
Another 3 proportions were of GF mixed in 1.5% NSC by volume ranged from 0.2% to 0.6. All mixes
proportions are showed in Table (1) .

Table (1) : Concrete Mixes Proportion

Mix | Fiber type Fibers NS content | Cement | Water | Basalt | Sand | Super

no content kg/m® kg/m® | kg/m® | kg/m® | plasticizer
VE% [ % | kg/m kg/m?®

3

1 | - 0 0 0 400 180 1224 612 4.8

2| - 0 156 394 180 1224 612 6

3 steel 04 15| 6 394 180 1224 612 12

4 steel 0.8 15| 6 394 180 1224 612 13

5 steel 12 15| 6 394 180 1224 612 13

6 polypropylene 0.2 15| 6 394 180 1224 612 8

7 polypropylene 04 15| 6 394 180 1224 612 10

8 polypropylene 0.6 15| 6 394 180 1224 612 10

9 glass 0.2 15| 6 394 180 1224 612 115

10 glass 04 15| 6 394 180 1224 612 115

11 glass 0.6 15| 6 394 180 1224 612 12

IV.  Tested Specimens
33 cubes of 15cm length and 33 cylinders of 30cm height and 15 cm diameter, were cast for
compressive and tensile strengths .Mixes of concrete were cast then mechanically compacted . The specimens
of all mixes were examined by compression machine of capacity =2000KN.

V.  Test Results

Compressive strength

Compressive strengths of concrete were specified at 28 days . The results are showed in Tables 2-6 and
Figures 1-4. Table 2 illustrates the change of compressive strength of NSC mix , from the results it can be
noticed that ,the compressive strength increases with 1.5% NS content.Compared with the reference concrete
(without NS and fibers), the compressive strength of 1.5% NS increases of about 12.83 %. Table 3 and figure 1
show the change of compressive strength of steel fiber nano silica concrete( SFNSC). From the results , it can be
noticed that ,with increasing SF content ,the compressive strength is increasing gradually and the increase is so
great at the fiber volume dosage = 1.2%. With comparison the control mix ( without SF but adding1.5%N S ),
the increase of compressive strength was 29.07 % , 32.63% and 33.42% for 0.4% , 0.8% and 1.2% SF volume
dosage respectively .Table 4 and figure 2 show the change of polypropylene fiber nano silica concrete(
PPFNSC) compressive strength. From the results , it can be noticed that ,with increasing fiber content, the
compressive strength is decreasing and the decrease is so great at the fiber content= 0.4%. Compared with the
control mix ( without PPF but adding1.5%NS ) the decrease of compressive strength was 6.08 % , 13.06 % and
10.4 % for 0.2% , 0.4% and 0.6% PPF content respectively .Table 5 and figure 3 show the change of glass fiber
nano silica concrete( GFNSC) compressive strength .From the results , it can be noticed that ,with increasing
fibercontent, the compressive strength is decreasing and the decrease is so great at the fiber content= 0.2%.
Compared with the control mix ( without GF but adding1.5%N S ), the decrease of compressive strength was
17.13 %, 9.5% and 7.05 % for 0.2% , 0.4% and 0.6% GF content respectively.
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Table (2):The effect of 1.5% NS on the compressive strength [N/mm?] of concrete

Fiber type Fiber content % Nano silica % Compressive strength[N/mm?]
28days

------------------- 0 0 35.807 [reference]

______________ 0 15 40.402 [+12.83%)]

Table (3):The effect of SF on the compressive strength [N/mm?] of NSC

Fiber type Fiber content % | Nanosilica% | Compressive strength[N/mm?]
28days
______________ 0 15 40.402[control]
steel 0.4 15 52.146[+29.07%]
0.8 15 53.584[+32.63]
12 15 53.907[+33.42%]
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Fig.(1) The effect of SF on the compressive strength[N/mm?] of NSC

Table (4): The effect of PPF on the compressive strength[N/mm?] of NSC

Fiber type Fiber Nano silica | Compressive strength[N/mm?]
content % % 28days
.............. 0 15 40.402 [control]
Polypropylene 0.2 1.5 37.944 [-6.08%]
0.4 15 35.12413.06%)-[
0.6 15 36.2[-10.4%)]
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Fig.(2) The effect of PPF on the compressive strength[N/mm?] of NSC

Table (5): The effect of GF on the compressive strength[N/mm?] of NSC

Fiber type Fiber content % Nano silica % Compressive strength[N/mm?]
28days
______________ 0 15 40.402[control]
Glass 0.2 15 33.48 (-17.13%)
0.4 15 36.562 (-9.5%)
0.6 15 37.553[-7.05%]
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Fig.(3) The effect of GF on the compressive strength[N/mm?] of NSC

Table (6): Compressive strength [N/mm?] of all concrete mixes

Fiber type Fiber content % | Nano silica % Compressive strength[N/mm?]
28days
------------------- 0 0 35.807
-------------- 0 1.5 40.402
Steel 0.4 15 52.146
0.8 15 53.584
1.2 15 53.907
Polypropylene 0.2 1.5 37.944
0.4 15 35.124
0.6 15 36.2
Glass 0.2 15 33.482
0.4 15 36.562
0.6 1.5 37.553
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Fig.(4) Compressive strength [N/mm?] of all concrete mixes[1.5%NS]

Splitting tensile strength

Splitting tensile strengths of concrete were specified at age =28 days. The test results are given in
Tables7 -11 and Figures 5-8. Table 7 shows the change of tensile strength of NSC mix , from the results it can
be showed that ,the tensile strength increases with 1.5% NS content. Compared with the reference mix (without
NS and fibers) , the tensile strength of 1.5% NS increases of about 5.68 %. Table 8 and figure 5 show the
variation of compressive strength of steel fiber nano silica concrete( SFNSC). From the results , it can be
noticed that ,with increasing steel fiber content, the tensile strength is increasing gradually and the increase is so
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great at the SF content = 1.2%. Compared with the control mix ( without SF but adding1.5%N S ) the increase
of tensile strength was 19.67 % , 24.44 % and 27.11 % for 0.4% , 0.8% and 1.2% SF content respectively. Table
9 and figure 6 show the change of polypropylene fiber nano silica concrete( PPFNSC) tensile strength. From the
results , it can be noticed that ,with increasing PPF content , the tensile strength is decreasing gradually and the
decrease is so great at the fiber content 0.4%. Compared with the control mix ( without PPF but addingl.5%N S
) the decrease of tensile strength was 11.04 % , 15.32 % and 16.65 % for 0.2% , 0.4% and 0.6% PPF content
respectively. Table 10 and figure7 show the variation of tensile strength of glass fiber nano silica concrete(
GFNSC). From the results , it can be seen that ,with the increase of GF content, the tensile strength is decreasing
gradually and the decrease is so great at the fiber content= 0.6%. Compared with the control mix ( without GF
but addingl.5%N S ) the decrease of tensile strength was 13.92 % , 16.53% and16.63 % for 0.2% , 0.4% and

0.6% GF content respectively.

Table (7):The effect of 1.5% NS on the tensile strength[N/mm?] of concrete

Fiber type Fiber content % | Nano silica % tensile strength[N/mm?]
28days
------------------- 0 0 3.051[reference]
______________ 0 15 3.224[+5.68%]
Table (8):The effect of SF on the tensile strength[N/mm?] of NSC
Fiber type Fiber content % | Nanosilica% | tensile strength[N/mm?]
28days
-------------- 0 15 3.224]control]
steel 0.4 15 3.858[+19.67%]
08 15 4.012[+24.44%]
12 15 4.098[+27.11%]
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Fig.(5) The effect of SF on the tensile strength [N/mm?*] of NSC
Table (9):The effect of PPF on the tensile strength[N/mm?] of NSC
Fiber type Fiber content % Nano silica % tensile strength[N/mm?]
28days
____________ 0 15 32.24[control]
polypropylene 0.2 15 2.868[-11.04%0]
0.4 15 2.73[-15.32%)]
0.6 15 2.687[-16.65%)]
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Fig.(6) The effect of PPF on the tensile strength[N/mm?] of NSC

Table (10):The effect of GF on the tensile strength[N/mm?] of NSC

Fiber type Fiber Nano silica % tensile strength[N/mm?]
content % 28days
______________ 0 15 3.224[control]
Glass 0.2 15 2.775[-13.92%)]
04 15 2.691[-16.53%]
0.6 15 2.688][-16.63%0]
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Fig.(7) The effect of GF on the tensile strength[N/mm?] of NSC

Table (11): tensile strength [N/mm?] of all concrete mixes

Fiber type Fiber content % | Nano silica % tensile strength[N/mm?]
28days
------------------- 0 0 3.051
-------------- 0 15 3.224
Steel 0.4 15 3.858
0.8 15 4.012
1.2 15 4.098
polypropylene 0.2 1.5 2.868
0.4 15 2.73
0.6 15 2.687
Glass 0.2 1.5 2.775
0.4 15 2.691
0.6 15 2.688
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Fig.(8) Tensile strength [N/mm?] of all concrete mixes[1.5%NS]

VI.  Conclusions
All types of fibers appeared to have an adverse influence on the workability of NSC.
Nano silica has small improvement on the compressive strength and splitting tensile strength of normal
concrete. The increase in compressive and tensile strength was12.83 % and 5.68 % for1.5% of NS replaced
by cement respectively.
The compressive and tensile strength of NSC increase with increasing of steel fiber content compared with
control concrete [1.5%NS]. The increase in compressive strength was 29.07 %, 32.63 % and 33.42 % for
steel fiber content 0.4% , 0.8% and 1.2% respectively as was 19.67%, 24.44% and 27.11% for tensile
strength.
It was found that the increase in compressive and tensile strengths is directly proportional to the SF content.
The addition of PPF and GF caused an adverse influence on the compressive and tensile strengths of 1.5%
NSC.
The compressive and tensile strength of NSC decrease with increasing in PPF content compared with
control concrete [1.5%NS]. The decrease in compressive strength was 6.08 % , 13.06 % and 10.4 % for PPF
content 0.2% , 0.4% and 0.6% respectively as was 11.04 %, 15.32 % and 16.65 % for tensile strength.
The compressive and tensile strengths of NSC decrease with increasing of GF content compared with
control concrete [1.5%NS]. The decrease in compressive strength was 17.13 % , 9.5% and 7.05 % for GF
volume fraction 0.2% , 0.4% and 0.6% respectively as was 13.92 % , 16.53% and16.63 % for tensile
strength.
It was observed that the decrease in tensile strength are directly proportional to the GF and PPF contents.
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