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SYNOPSIS

The present experimental investigation is conducted to study the elastic behavior of mixed fibers of AR HD glass and mild steel
with an aspect ratio of 857 and 55. Microsilica in percentages of 5 and 15 also has been employed as a partial replacement to
cement. Glass fiber and steel fiber were mixed by volume percentage in different proportions of 0 - 100, 25 -75, 50 - 50, 75 - 25
and 100 - 0 in each of the total fiber percentages of 0.5, 0.75, 1.0 and 1.5.

It is found from the test results that in a total fiber percent of 1.5 and with 15% microsilica, the MFRC specimens showed least
strains and maximum values of direct modulus and initial secant modulus compared to specimens with 0% and 5% microsilica.
Addition of glass fiber in certain percentage to steel fiber in the MFRC is resulting in substantial decrease in linear and lateral
strains. From the fiber combinations, 100% steel fiber without glass fiber is giving the highest modulus. With other mixed
combinations of glass and steel fibers like 75% - 25%, 50% - 50% and 25% - 75%, the failure of the specimens is found to be

smoother with better crack behavior though modulus is lower compared to 100% steel fiber.

Keywords: Mixed Fiber. Fiber Percentage. Linear Strain. Lateral Strain. Elastic Modulus.
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1. INTRODUCTION

The concrete-reinforcing fibers include metallic and non
metallic like steel, polypropylene and various other types®.

Fiber Reinforced concrete can be an economic and useful
construction material®*'”. The knowledge of modulus of
elasticity is required to avoid excessive deformations and to
maintain stiffness of the material®®. Pozzolonic admixture
like Microsilica is used to enhance the packing of the mix
because of its extreme finesse. Compression tests were
conducted to measure strains by embedding strain gauge
units in the normal weight and light weight concrete
cylinders™®. Tests conducted on stress strain relationships
for concrete also showed that the conditions such as the rate
of loading, load repetitions, the magnitude of the repeated
stresses influence the stress strain curve of concrete™® 9.
The aim of this research work is to study the stress strain
behaviour and elastic modulus of Mixed Fiber Reinforced
Concrete by introducing the mixed fibers of glass and steel
in varying percentages in different total fiber mixes by
volume along with microsilica.

2. EXPERIMENTAL INVESTIGATIONS

The following materials are used for the casting of
specimens.

Cement

Ordinary Portland cement of 53 Grade from Ultra Tech
conforming to 1.S: 122699 is used.

Fine Aggregate

River sand locally available is used as fine aggregate
conforming to 1.S: 38319

Coarse Aggregate

Machine crushed well graded angular granite aggregate of
nominal size from local source is used conforming to 1.S:
38310,

Microsilica

Densified microsilica 920 D supplied by M/S Elkem India
Pvt. Ltd. Mumbai was used. The typical bulk density is
ranged between 500 Kg/m® — 700 Kg/m® and specific
surface of 3200 m?/gram conforming to standard ASTM C
12409,

Water Potable water locally available is used for mixing and
curing the concrete.

Glass Fiber and Steel Fiber

Fibers of alkali resistant glass with an aspect ratio of 857:1
and steel fiber with an aspect ratio of 55 are used
conforming to ASTM C 1666M and ASTM A 820M®.
The details are given in table 1.

Concrete Mix Details

The details of the M25 Concrete mix used are given in table
2 is arrived at as per 1.S: 1026204,

Casting, Curing and Testing of Specimens

For determining the Elastic properties of MFRC, required
number of standard cylinder specimens were cast, cured®®
and tested®? following standard procedures. A
Compressometer and an Extensometer are used to obtain the
Elastic properties.

3. DISCUSSION OF RESULTS

The tabulated results of linear strain, lateral strain, modulus
of elasticity and secant modulus of MFRC specimens with
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0%, 5% and 15% microsilica are shown in tables 3 to 9 and
in figures 1 to 3.

1. Strain Effect on MFRC specimens without Microsilica
with reference to base reference specimens (tables 3 and 4)
Base reference specimens (control) were found to have
maximum linear and lateral strain when compared to MFRC
specimens. These strains are found to be reducing with
increasing total fiber percentages and have maximum
reductions in total fiber percent of 1.5. In the mixed fiber
proportions, the linear and lateral strains are found to be
increasing with increase in percentage of glass fiber, but
these strains are found to have more reductions when
compared to base reference specimens. The control
specimens have linear strain of 6.275 x 10 * and lateral strain
of 22.267 x 10 * at ultimate load. In total fiber percent of 1.5
with 100% steel fiber proportion, the linear and lateral
strains are found to have a reduction of 80.87% and 85.92%
when compared with the base reference specimens. In the
same total fiber percent of 1.5 with 25% glass fiber and 75%
steel fiber proportion and with 100% glass fiber proportion,
the linear and lateral strains are found to have reductions of
74.90%, 78.59% and 49%, 64.07% respectively over the
base reference specimens.

2. Strain Effect on MFRC specimens with Microsilica and
with reference to reference specimens (tables 3 and 4)

Addition of microsilica to plain concrete specimens as
partial replacement of cement by weight now referred as
reference specimens has reduced the strains in the concrete
specimens. With 5 percent microsilica in concrete, the linear
and lateral strains are found to be 5.925 x 10 ° and 19.800 x
10° respectively. With 15 percent microsilica in concrete,
the linear and lateral strains are found to be 4.075 x 10 © and
16.43 x 10° respectively. Reference specimens with
microsilica are found to have reduced linear and lateral
strains when compared to base reference specimens. The
specimens with 5% microsilica in concrete called reference
specimens are found to have reductions of 5.58% and
11.08% in linear strain and lateral strain and with 15%
microsilica in concrete, the respective strains are found to
reduce by 35.06% and 26.21% over the base reference
specimens. The linear and lateral strains in MFRC
specimens are found to be reducing with increasing total
fiber percentages and microsilica percentages. MFRC
specimens with 15% microsilica and 1.5% total fiber are
found to have maximum reductions in the values of linear
and lateral strain. In the mixed fiber proportions, the linear
and lateral strains are found to be increasing with increase in
percentage of glass fiber, but these strains are found to have
more reductions when compared to reference specimens. In
a total fiber percent of 1.5 with 5% microsilica and 100%
steel fiber at ultimate load, the reductions in linear and
lateral strains are found to be 82.70% and 86.03%. With
25% glass fiber and 75% steel fiber proportion, the strains
are reduced by 75.52% and 81.4%. With 100% glass fiber,
the strains are reduced by 61.60% and 68.02% when
compared with the respective reference specimens. In the
same total fiber percent of 1.5 with 15% microsilica and
100% steel fiber, the linear and lateral strain reductions are
found to be 85.28% and 87.82% over their respective

reference specimens. With 25% glass fiber and 75% steel
fiber proportion, the linear and lateral strains are found to
reduce by 80.98% and 85.19%. With 100% glass fiber the
linear and lateral strains are reduced by 62.57% and 75.04%
in the same total fiber percent of 1.5 with 15% microsilica.
The MFRC specimens with 15% microsilica addition as
partial replacement to cement are found to have highest
reductions in linear and lateral strains when compared to
MFRC specimens with 5% microsilica and MFRC
specimens without microsilica. Increase in microsilica
percentage from 5 to 15 in concrete has enhanced the
reductions in strains in the MFRC specimens.

3. Strain Effect on MFRC Specimens with and without
Microsilica over the base reference specimens (table 5)

The linear and lateral strain reductions of 83.67% and
87.57% in a total fiber percent of 1.5 with 100% steel fiber
are found over the base reference specimens showing a
reduction of 2.8% and 1.65% in linear and lateral strains
over the MFRC specimens without microsilica. In the same
total fiber percent of 1.5 and with 15 percent microsilica, the
specimens with 100 percent steel fiber showed reductions of
90.44 percent and 91.02 percent in the linear and lateral
strains over the base reference specimens, showing a
reduction of 9.57 percent and 5.1 percent in linear and
lateral strains when compared to MFRC specimens without
microsilica in the same proportion. The MFRC specimens
with mixed fibers of 25 percent glass fiber and 75 percent
steel fiber in a total fiber percent of 1.5 with 5 percent
microsilica showed reductions of 76.89 percent and 82.23
percent in linear and lateral strains when compared to the
base reference specimens. These MFRC specimens showed
reductions of 1.99 percent and 4.64 percent in linear and
lateral strain over the MFRC specimens without microsilica
in the same proportion. In the same total fiber percent of 1.5
and 15 percent microsilica the specimens with 25 percent
glass fiber and 75 percent steel fiber showed reductions of
87.65 percent and 89.07 percent in linear and lateral strains
when compared to the base reference specimens. These
MFRC specimens showed reductions of 12.75 percent and
10.48 percent in linear and lateral strains over the MFRC
specimens without microsilica in the same proportion.
Similarly the MFRC specimens with 100 percent glass fiber
in a total fiber percent of 1.5 and with 5 percent microsilica
showed reductions of 63.74 percent and 71.55 percent in
linear and lateral strains when compared to the base
reference specimens. These MFRC specimens showed
reductions of 14.74 percent and 7.48 percent in linear and
lateral strains over the MFRC specimens without microsilica
in the same proportion. In the same total fiber percent of 1.5
with 100 percent glass fiber and 15 percent microsilica, the
MFRC specimens showed reductions of 75.69 percent and
81.59 percent in linear and lateral strains when compared to
the base reference specimens. These MFRC specimens
showed reductions of 26.69 percent and 17.52 percent in
linear and lateral strains over the MFRC specimens of the
same proportions without microsilica. This showed, that the
mixed fibers and microsilica have provided higher
reductions in strains when compared to specimens without
fibers and without microsilica.
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4. Modulus of Elasticity of MFRC without Microsilica
(tables 6, 9 and figure 1)

In the procedure given by the ASTM C 469 code, 40 percent
of the ultimate load is considered for the computation of
secant modulus. All the values of Young’s modulus were
computed upto this point and average is taken. As per I.S.
Code procedure Modulus of Elasticity is calculated by
taking direct stress to direct strain upto 40 percent of
ultimate load which represents the linear portion almost. The
modulus of elasticity upto 40 percent of the ultimate load
and secant modulus of elasticity (Es) at 40% of ultimate
load in the specimens with fibers are found to be higher
when compared to the reference specimens (control) without
fibers. These same are found to be 12941 N/mm? and 12768
N/mm?. It is observed at 40% of ultimate load the secant
modulus is getting reduced when compared to the modulus
of elasticity. In the various percentages of mixed fibers in
different total fiber percentages, the specimens with 100
percent steel fibers are found to have maximum increase in
modulus of elasticity when compared to specimens with
other mix percentages. The modulus of elasticity and secant
modulus are found to be decreasing with increase in
percentage of glass fiber, but these elasticity’s are more
when compared with control specimens. The maximum
increases in the values of elasticity are observed in the
specimens with total fiber percent of 1.5. The modulus of
elasticity and secant modulus in the specimens with 100
percent steel fiber in a total fiber percent of 1.5 are found to
be 74307 N/mm? and 61542 N/mm?. There is an increase in
modulus of elasticity by more than 4.5 times, when
compared to the reference specimens (control). With 100
percent glass fiber in a total fiber percent of 1.5 the modulus
of elasticity and secant modulus in the specimens are found
to be 28380 N/mm? and 27571 N/mm?. There is an increase
in modulus of elasticity by 119.30 percent when compared
to the reference specimens. With 25 percent glass fiber and
75 percent steel fiber in the specimens with a total fiber
percent of 1.5 the modulus of elasticity and secant modulus
in the specimens are found to be 55685 N/mm? and 53045
N/mm?. There is an increase in modulus of elasticity by
more than 3.3 times the modulus of elasticity of the
reference specimens.

5. Modulus of Elasticity of MFRC with Microsilica (tables
7, 8,9 and figure 2)

The addition of microsilica as partial replacement to cement
in the concrete has increased the modulus of elasticity and
secant modulus. With 5 percent microsilica in the concrete,
the modulus of elasticity and secant modulus are 13655
N/mm? and 13516 N/mm? respectively. With 15 percent
microsilica in concrete, the modulus of elasticity and secant
modulus are found to be 17258 N/mm? and 15813 N/mm?
respectively. Increase in microsilica percentage from 5 to 15
in the concrete has showed maximum increase in the
modulus of elasticity and secant modulus in the MFRC
specimens. Higher values of modulus of elasticity and
secant modulus are found in specimens with various
percentages of mixed fibers in a total fiber percent of 1.5
with 5 percent microsilica, when compared to the respective
reference specimens with 5 percent microsilica and no

fibers. In the same percentage of 1.5 total fibers and with
100 percent steel fiber and 5 percent microsilica in the
specimens, the modulus of elasticity and secant modulus at
40 percent of ultimate load are found to be 93480 N/mm?
and 87960 N/mm? There is an increase in modulus of
elasticity by more than 5.8 times when compared with the
respective reference specimens. With 5 percent microsilica
and 100 percent glass fiber in the same total fiber percent of
1.5 upto 40 percent ultimate load and at 40% of ultimate
load, the modulus of elasticity and secant modulus are found
to be 41502 N/mm? and 41410 N/mm? respectively. There is
an increase of 203.93 percent in modulus of elasticity when
compared to the respective reference specimens. In the same
total fiber percent of 1.5, the mixed fibers of 25 percent
glass fiber and 75 percent steel fiber in the concrete with 5
percent microsilica are found to have the modulus of
elasticity and secant modulus as 78727 N/mm? and 72133
N/mm? respectively. There is an increase in modulus of
elasticity by more than 4.7 times when compared with the
reference specimens. In the same total fiber percent of 1.5
with 5 percent microsilica and with increase in glass fiber
content in the mixed percentages of fibers in all the
specimens, the modulus of elasticity is found to be reducing
and the same is true in all the other specimens with different
total fiber percentages. The MFRC specimens with 15
percent microsilica and 100 percent steel fiber in a total
fiber percent of 1.5 upto 40 percent of ultimate load has a
modulus of elasticity of 121957 N/mm? and at 40% of
ultimate load the secant modulus is found to be 114600
N/mm?. There is an increase by more than 6 times in
modulus of elasticity when compared to the respective
reference specimens with 15 percent microsilica. Within this
same total fiber percent of 1.5 and 100 percent glass fiber
with 15 percent microsilica upto the load of 40 percent of
ultimate load and at 40% of ultimate load, the modulus of
elasticity and secant modulus are found to be 66809 N/mm?
and 55147 N/mm? respectively. There is an increase in
modulus of elasticity of this MFRC by more than 2.8 times
the modulus of elasticity of the respective reference
specimens with 15 percent microsilica. In the same total
fiber percent of 1.5 with mixed fibers of 25 percent glass
and 75 percent steel and 15 percent microsilica, the modulus
of elasticity and secant modulus are found to be 101451
N/mm? and 89760 N/mm? respectively. There is an increase
in modulus of elasticity by more than 4.8 times the modulus
of elasticity of the respective reference specimens. In the
same total fiber percent of 1.5 with increasing percentage of
glass fiber in various mixed fibers percentages and with 15
percent microsilica, there is a decreasing trend in modulus
of elasticity and secant modulus. The same trend is true in
other MFRC specimens with different total fiber
percentages. Thus it is seen with 15 percent microsilica that
the modulus of elasticity and secant modulus values
obtained are much higher when compared to the MFRC
specimens with 5 percent microsilica.

6. Modulus of Elasticity of MFRC with and without
Microsilica (table 9 and figure 3)

The reference specimens with 5 percent and 15 percent
microsilica as partial replacement of cement and with no
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fibers are observed to have increased modulus of elasticity
by 5.52 percent and 33.36 percent respectively. The same
reference specimens are found to have an increased secant
modulus by 5.86 percent and 23.84 percent when compared
with the base reference specimens without microsilica and
without fibers. The MFRC specimens with 5 percent
microsilica and total fiber percent of 1.5 with various mixed
fiber percentages have shown increased modulus of
elasticity and secant modulus. In this, with 100 percent steel
fiber an increase by more than 6 times the modulus of
elasticity and more than 5.8 times the secant modulus of the
base reference specimens are observed. The MFRC
specimens with a total fiber percent of 1.5 and 100 percent
steel fiber with 15 percent microsilica have shown an
increase by more than 8.4 times and more than 7.9 times the
modulus of elasticity and secant modulus of the base
reference specimens. In this same total fiber percent of 1.5
there is an increase by 195.29 percent and 144.74 percent in
the Modulus of elasticity and secant modulus of the MFRC
specimens with 5 percent microsilica over the base reference
specimens. There is an increase in the MFRC specimens
with 15 percent microsilica by 405.24 percent and 297.09
percent in the Modulus of elasticity and secant modulus
when compared to the base reference specimens. Similarly
the MFRC specimens with 100 percent glass fiber in a total
fiber percent of 1.5 and with 5 and 15 percent microsilica
showed an increase in modulus of elasticity by more than
2.2 times and more than 4 times when compared to the base
reference specimens. There is an increase of 220.70 percent
and 416.26 percent over the base reference specimens. The
same is true for secant modulus showing an increase by
more than 2 times and 3 times when compared to the base
reference specimens. There is an increase of 224.33 percent
and 331.92 percent over the base reference. The MFRC
specimens with mixed fibers of 25 percent glass fiber and 75
percent steel fiber in a total fiber percent of 1.5 and with 5
and 15 percent microsilica have shown an increase in
modulus of elasticity by more than 5 times and 6.8 times
over the base reference specimens. There is an increase of
508.33 percent and 683.95 percent over the base reference
specimens in the modulus of elasticity values. In the same
total fiber percent of 1.5 and mixed fibers percentages of 25
percent glass and 75 percent steel with 5 percent and 15
percent microsilica, the increases in secant modulus are by
more than 4.5 and 5 times the initial secant modulus of the
base reference specimens. There is an increase of 464.95
percent and 603.01 percent respectively over the base
reference specimens. It is observed that the MFRC with 15
percent microsilica have provided maximum increase in
modulus of elasticity and secant modulus when compared to
MFRC specimens without fiber and MFRC specimens with
5 percent microsilica.

4. CONCLUSIONS

[1]. Mixed fiber combination results in substantial decrease
in the linear and lateral strains. Optimum percentage of
microsilica used as replacement to cement contributes
to further decrease.

[2]. The reference specimens with 15% microsilica have
shown more elastic nature compared to specimens with

zero percent and 5% microsilica.

[3]. Strains in the MFRC specimens are decreasing with
increase in total fiber percentages from 0. 0.5, 0.75, 1.0
and 1.5. Specimens with 100% steel fibers in a total
fiber percent have shown higher reductions in strains
when compared to specimens with mixed fibers of
glass and steel. The specimens with 100% glass fiber
have exhibited higher strains. The specimens with total
fiber percent of 1.5 have exhibited least strains.
Optimum 15% of microsilica used as replacement to
cement contributes to further decrease but showing a
stiff failure at ultimate load.

[4]. The MFRC specimens with all individual percentages
have shown maximum values of modulus of elasticity
and secant modulus in a total fiber percent of 1.5. The
specimens with 100% steel fibers have shown the
maximum elastic modulus.
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Table 2. Materials Required for 1 Cubic Meter of Concrete
C Fine Coarse Water
ement
Grade (ko) aggregate | aggregate cement
9 (kg) (kg) ratio
M25 400 640 1200 0.5

Table 3. Linear and Lateral Strain Values of MFRC Specimens in Compression at Ultimate Load with Various Percentages of

Microsilica

Total | Mixed Fiber (%) Linear Strain %t Ultimate Load with | Lateral Strain . at Ultimate Load with

Fiber Microsilica x 10 Microsilica x 10

(%) | Glass Steel 0% 5% 15 % 0% 5% 15 %

0.0 0.0 0.0 6.275 5.925 4.075 22.267 19.800 16.43

050 |0 100 5.200 2.675 2.000 10.660 7.000 6.33

0.50 25 75 5.300 2.975 2.375 11.100 7.533 7.100

0.50 50 50 5.950 3.150 2.525 11.400 8.600 8.166

050 |75 25 6.025 3.300 2.800 12.500 11.000 9.350

0.50 100 0 6.175 3.525 3.075 12.900 11.433 10.43

0.75 0 100 4.075 2.075 1.700 9.100 6.700 6.10

075 |25 75 4.525 2.350 1.975 9.900 7.100 6.400

075 |50 50 5.100 2.575 2.250 10.800 7.900 7.200

0.75 75 25 5.675 2.975 2.450 11.400 8.700 7.966
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0.75 100 0 5.875 3.175 2.700 12.000 10.100 9.30
100 |0 100 1.825 1.600 0.750 5.633 4.567 2.533
1.00 25 75 2.250 1.625 0.850 6.233 5.133 3.167
1.00 50 50 2.600 2.225 1.000 6.933 6.300 3.767
1.00 |75 25 3.300 2.375 1.150 8.760 7.100 4.867
1.00 100 0 3.850 2.700 1.750 9.367 8.300 5.167
1.50 0 100 1.200 1.025 0.600 3.133 2.766 2.000
1.50 25 75 1.575 1.450 0.775 4.767 3.733 2.433
1.50 50 50 2.025 1.750 0.950 6.133 4.833 2.967
1.50 75 25 2.450 2.100 1.150 6.677 5.633 3.400
1.50 | 100 0 3.200 2.275 1.525 8.000 6.333 4.100
Table 4. Linear and Lateral Strain Values of MFRC Specimens in Compression at Ultimate Load with Various Percentages of
Microsilica over the Respective Reference
Total Mixed Fiber (%) Pejrcenj[ .Reduction in Linea_r Strain with Pe_rcen'_[ _ Reduction in Lat_eral Strain  with
Fiber microsilica Over the Respective Reference | microsilica Over the Respective Reference
(%) Glass Steel 0% 5% 15% 0% 5% 15%
0.0 0.0 0.0 -- -- -- -- -- --
0.50 0 100 17.13 54.85 50.92 52.12 64.65 61.47
0.50 25 75 15.54 49.79 41.72 50.15 61.95 56.78
0.50 50 50 5.17 46.84 38.04 48.80 56.57 50.29
0.50 75 25 3.98 44.30 31.29 43.86 44.44 43.09
0.50 100 0 1.59 40.51 24.53 42.07 42.25 36.52
0.75 0 100 35.06 64.98 58.28 59.13 66.16 62.87
0.75 25 75 27.89 60.34 51.53 55.53 64.14 61.05
0.75 50 50 18.73 56.54 44,78 51.49 61.67 56.18
0.75 75 25 9.56 49.78 39.87 48.80 56.06 51.92
0.75 100 0 6.37 46.41 33.74 46.11 48.98 43.39
1.00 0 100 70.92 72.99 81.59 74.70 76.93 84.58
1.00 25 75 64.14 72.56 79.14 72.01 74.08 80.72
1.00 50 50 58.56 62.45 74.46 68.86 68.18 77.07
1.00 75 25 47.41 59.92 71.78 60.65 64.14 70.37

Volume: 04 Special Issue: 13 | ICISE-2015 | Dec-2015, Available @ http://www.ijret.org

127




IJRET: International Journal of Research in Engineering and Technology

elSSN: 2319-1163 | pISSN: 2321-7308

1.00 100 0 38.64 54.43 57.05 57.93 58.08 65.05
1.50 0 100 80.87 82.70 85.28 85.92 86.03 87.82
1.50 25 75 74.90 75.52 80.98 78.59 81.14 85.19
1.50 50 50 67.72 70.46 76.69 72.46 75.59 81.94
1.50 75 25 60.96 64.55 71.77 70.01 71.55 79.31
1.50 100 0 49.00 61.60 62.57 64.07 68.02 75.04

Table 5. Linear and Lateral Strain Values of MFRC Specimens in Compression at Ultimate

Respective Reference: Specimens with no fiber and respective 0 %, 5 % and 15 % microsilica

Microsilica over the Base Reference

Load with Various Percentages of

Total | Mixed Fiber (%) PejrcenF _Reduction in Linear Strain with Pe_rcem _ Reduction in Lateral Strain with
Fiber microsilica Over the Base Reference microsilica Over the Base Reference
(%) Glass Steel 0% 5% 15% 0% 5% 15%
0.0 0.0 0.0 -- 5.58 35.06 -- 11.08 26.21
0.50 0 100 17.13 57.37 68.12 52.12 68.56 71.57
0.50 25 75 15.54 52.58 62.15 50.15 66.17 68.11
0.50 50 50 5.17 49.80 59.76 48.80 61.38 63.33
0.50 75 25 3.98 47.41 55.37 43.86 50.59 58.01
0.50 100 0 1.59 43.82 50.99 42.07 48.65 53.16
0.75 0 100 35.06 66.93 72.91 59.13 69.91 72.60
0.75 25 75 27.89 62.54 68.52 55.53 68.11 71.25
0.75 50 50 18.73 58.96 64.14 51.49 64.52 67.67
0.75 75 25 9.56 52.58 60.96 48.80 60.93 64.22
0.75 100 0 6.37 49.40 56.97 46.11 54.64 58.23
1.00 0 100 70.92 74.50 88.05 74.70 79.48 88.62
1.00 25 75 64.14 74.10 86.45 72.01 76.94 85.78
1.00 50 50 58.56 64.54 84.06 68.86 71.70 83.08
1.00 75 25 47.41 62.15 81.67 60.65 68.11 78.14
1.00 100 0 38.64 56.97 72.11 57.93 62.73 76.79
1.50 0 100 80.87 83.67 90.44 85.92 87.57 91.02
1.50 25 75 74.90 76.89 87.65 78.59 83.23 89.07
1.50 50 50 67.72 72.11 84.86 72.46 78.29 86.68
1.50 75 25 60.96 66.53 81.67 70.01 74.70 84.73
1.50 100 0 49.00 63.74 75.69 64.07 71.55 81.59

Base Reference: Specimens with no fiber and no microsilica
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Table 6. Modulus of Elasticity and Secant Modulus of MFRC Specimens With 0 % Microsilica

S. Total Mixed Fiber (%) (I\I/:_Io;j léll\f /Smnc;% Elasticity % age Increase | Secant at  40%
No. Fiber (%) | Glass Steel ( A(\;/erage) in Ec Ultimate Load (Esc) (N/mm?)
1 0.0 0.0 0.0 12941 - 12768
2 0.50 0 100 26242 102.78 25300
3 0.50 25 75 21968 69.75 19463
4 0.50 50 50 19437 50.19 18558
5 0.50 75 25 14339 10.80 13701
6 0.50 100 0 13279 2.61 12992
7 0.75 0 100 33831 161.42 29485
8 0.75 25 75 32127 148.25 27133
9 0.75 50 50 30666 136.96 24987
10 0.75 75 25 25055 93.61 22835
11 0.75 100 0 21422 65.54 20644
12 1.00 0 100 50597 290.98 38981
13 1.00 25 75 42378 227.47 32384
14 1.00 50 50 36995 185.87 30548
15 1.00 75 25 26479 104.61 24775
16 1.00 100 0 22820 76.33 22611
17 1.50 0 100 74307 474.19 61542
18 1.50 25 75 55685 330.29 53045
19 1.50 50 50 42089 225.24 34600
20 1.50 75 25 33779 161.02 28542
21 1.50 100 0 28380 119.30 27571
Table 7. Modulus of Elasticity and Secant Modulus of MFRC Specimens With 5 % Microsilica
s, Total Mixed Fiber (%) Modulus oszIasticity % age Increase in Sec_ant Modulus at 40%
No. Fiber (%) | Glass Steel gif/)egg/g]m ) Ec EJI\II%“;E(; Load (Esc)
1 0.0 0.0 0.0 13655 -- 13516
2 0.50 0 100 30306 121.94 29114
3 0.50 25 75 24369 78.46 21347
4 0.50 50 50 22308 63.36 19880

Volume: 04 Special Issue: 13 | ICISE-2015 | Dec-2015, Available @ http://www.ijret.org

129



IJRET: International Journal of Research in Engineering and Technology

elSSN: 2319-1163 | pISSN: 2321-7308

5 0.50 75 25 21975 60.93 18663
6 0.50 100 0 18345 34.34 17542
7 0.75 0 100 54933 302.29 41740
8 0.75 25 75 43581 219.15 37381
9 0.75 50 50 39573 189.81 32496
10 0.75 75 25 33759 147.23 26280
11 0.75 100 0 29181 113.70 23712
12 1.00 0 100 70267 414.59 58000
13 1.00 25 75 61736 352.11 47444
14 1.00 50 50 49076 259.39 38090
15 1.00 75 25 41534 204.16 33650
16 1.00 100 0 36773 169.30 31248
17 1.50 0 100 93480 584.58 87960
18 1.50 25 75 78727 476.54 72133
19 1.50 50 50 72072 427.81 60314
20 1.50 75 25 53733 293.50 51025
21 1.50 100 0 41502 203.93 41410
Table 8. Modulus of Elasticity and Secant Modulus of MFRC Specimens With 15 % Microsilica
. [rom - [MbesFi(0 ] Roto MY o e e | S MU * (5
' (Average) ¢ (N/mm?)
1 0.0 0.0 0.0 17258 -- 15813
2 0.50 0 100 46015 166.63 40895
3 0.50 25 75 38122 120.89 35167
4 0.50 50 50 33636 94.90 33184
5 0.50 75 25 29291 69.72 28157
6 0.50 100 0 27706 60.54 26640
7 0.75 0 100 88659 413.72 87520
8 0.75 25 75 69480 302.59 47422
9 0.75 50 50 50011 189.78 35066
10 0.75 75 25 45785 165.29 32736
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11 0.75 100 0 39479 128.75 28171
12 1.00 0 100 103913 502.11 90400
13 1.00 25 75 83969 386.55 80400
14 1.00 50 50 76130 341.12 72566
15 1.00 75 25 63602 268.53 60628
16 1.00 100 0 46645 170.28 50700
17 1.50 0 100 121957 606.67 114600
18 1.50 25 75 97371 464.21 89760
19 1.50 50 50 87800 408.75 79818
20 1.50 75 25 75453 337.21 71233
21 1.50 100 0 66809 287.12 55147

Table 9. Modulus of Elasticity and Secant Modulus of MFRC with Various Percentages of Microsilica over the Base Reference

 |Toar [Mpeorver | pontnoss ot .| 496 Utime Low Ger e B
No. (Fol/(t)))er Reference

Glass Steel 0% 5% 15 % 0% 5% 15%
1 0.0 0.0 0.0 - 5.52 33.36 -- 5.86 23.84
2 0.50 0 100 102.78 134.19 255.58 98.15 128.02 220.25
3 0.50 25 75 69.75 88.31 194.58 52.43 67.19 175.43
4 0.50 50 50 50.19 72.38 159.92 45.34 55.70 159.89
5 0.50 75 25 10.80 69.81 126.34 7.31 46.17 120.53
6 0.50 100 0 2.61 41.76 114.09 1.75 37.39 108.65
7 0.75 0 100 161.42 324.49 585.10 130.92 226.91 585.46
8 0.75 25 75 148.25 236.78 436.89 112.51 192.77 271.41
9 0.75 50 50 136.96 205.79 286.45 95.70 154,51 174.64
10 | 0.75 75 25 93.61 160.87 253.69 78.84 105.82 156.39
11 | 0.75 100 0 65.54 125.49 205.07 61.68 85.71 120.64
12 | 1.00 0 100 290.98 442.98 702.97 205.30 354.26 608.02
13 | 1.00 25 75 227.47 377.05 548.86 153.63 274.58 529.69
14 | 1.00 50 50 185.87 279.23 488.28 139.25 198.32 468.34
15 | 1.00 75 25 104.61 220.95 391.15 94.04 163.55 374.84
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Figure 1. Variation of Modulus of Elasticity of MFRC Cylinders with 0 % Microsilica
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Figure 2. Variation of Modulus of Elasticity of MFRC Cylinders with 5 % Microsilica
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Figure 3. Variation of Modulus of Elasticity of MFRC Cylinders with 15 % Microsilica

16 | 1.00 100 0 76.33 184.16 260.04 77.09 144.74 297.09
17 | 1.50 0 100 474.19 622.36 842.41 382.00 588.91 797.56
18 | 1.50 25 75 330.29 508.35 683.95 315.45 464.95 603.01
19 | 150 50 50 225.24 456.92 578.46 170.98 372.38 525.14
20 | 1.50 75 25 161.02 315.22 483.05 123.54 299.63 457.90
21 | 1.50 100 0 119.30 220.79 416.26 115.94 224.33 331.92
Base Reference: Specimens with no fiber and no microsilica
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