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Abstract: This paper presents both experimental and analytical study on the behavior of Micro Steel Fiber Reinforced
Mortars (MSFRM) with different fiber percentage under impact load. Brass coated micro steel fibers are used by
0%,2%,4%,6%,8% volume of the specimen. The cement mortar ratios are adopted for the study was 1:3 and 1:4. After
7days and 28 days of curing the specimens are tested by Charpy impact test in pendulum impact testing machine. The
impact test was analyzed by using ANSYS. The impact load, bending stress, shear stress, load deflection and Stress vs
strain curve was calculated. Both the results were validated and discussed. From the results it has been concluded that
the impact absorption capacity of 1:3 mortar ratio is higher than 1:4 mortar ratio. As the increase in percentage of micro
steel fiber the resistance of specimens against impact also increased.
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I INTRODUCTION

Fiber reinforced cement-based composites were widely used all over the world. There are different types of fibers used
in the cement-based matrix, such as steel, glass, synthetic, polymer, ashestos, carbon etc. The main role of different
fibers in the cement-based composites are to improve the toughness and the post cracking performance of the matrix.

Mortar is a workable paste used to bind building blocks such as stones, bricks, and concrete masonry units, fill and seal
the irregular gaps between them, and sometimes add decorative colors or patterns in masonry walls. Use of the micro
steel fiber, this solution increases the tensile and bending resistance. This process helps to produce a matrix with high
slenderness and expected bending resistance. Fiber reinforcing is a method to increase the mechanical properties of
Fiber Reinforced Mortar (FRM) as compared to conventional mortar. Generally, When the resistance of a conventional
mortar sample increased the brittleness also increased. By fiber reinforcing in the mixture the plasticity increases and
overcome all the drawbacks of conventional mortar mixture.

Impact resistance is the ability of the material to resist the force or shock applied to the material over a short duration of
time. Here the impact load is applied to the Micro Steel Fiber Reinforced Mortar (MSFRM) matrix to test its toughness
by Charpy impact test.

1. METHODOLOGY

An experimental and analytical investigation is to be carried out to evaluate the impact absorption of MSFRM. For
experiment total 120 specimens were casted out of which 60 specimens were of 1:3 and 60 specimens of 1:4 ratio of
mortar. Size of specimen is 25.4 mm x 25.4 mm in cross-section and 50.8 mm in length [1] were casted. Micro steel
fibers of length 12 mm were added to the mortar mixture according to percentage i.e. 0% ,2%, 4%, 6% ,8% Specimens
are tested after 7 days and 28 days of curing period. After all the experimental work the results were validated using
ANSYS.

1. EXPERIMENTAL WORK

A Cross-section of Specimen
Cross-section of specimen = 25.4mm x 25.4mm x 50.8 mm
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Fig. 1. Dimensions of specimen

Mortar Specimen

Impact direction Hammer head

Fig. 2. Configuration of impact loading

B. Material used for casting
Brass coated micro steel fiber
Tensile strength (MPa): 700
Length (mm): 12

Aspect ratio: 20mm — 35mm

Super plasticizer: The admixture used in the work is BASF 8501 Super-plasticizer. It makes the mortar mixture highly
workable for longer period.

C. Casting of specimen

Total 120 number of specimens were casted out of which 60 specimens were of 1:3 ratio of mortar and other 60
specimens were of 1:4 ratio of mortar of size 25.4mm x 25.4mm in cross section and 50.8mm in length. Micro steel
fibers were added 0% ,2% ,4% ,6% ,8% accordingly with the volume of specimens each of 6 nos. Super plasticizer
(1.5% of cement) is added to the mixture. The mixture was mixed well & fabricated mould were filled as shown in
fig.3
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Fig. 3. Casted Specimens
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D. Testing of specimens

60 nos. of specimens were tested after 7 days and other 60 no. of specimens were tested after 28 days of curing period.
Out of 60 specimens, 30 specimens were of 1:3 ratio of mortar and other 30 specimens were of 1:4 ratio of mortar.

Fig. 4. Pendulum impact testing machine

To evaluate the impact absorption capacity of specimens “Charpy impact test” was employed in pendulum impact
testing machine, according to the ASTM E23[16]. The equipment is shown in fig. 4, in which maximum kinetic energy
output is 300J. The dimension of the specimen and configurations of loading are presented in fig. 1 and fig. 2 [1]. After
placing the specimen, the pendulum is released from a height H1 and swing through the specimen to a height H2, as
shown in fig. 5. Assuming negligible friction and aerodynamic drag, the energy absorption capacity of the specimen is

evaluated by the height difference(H1-H2) multiplied by the weight of the pendulum. During the test, Six Specimens
are tested for each batch.

Fig. 5. Working scheme of Charpy impact test

E. Experimental test results
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Fig. 6. Impact absorption after 7 days
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It was observed that the average impact absorption of 1:3 mortar ratio specimens are higher than 1:4 mortar ratio
specimens for addition of 0%, 2% ,4%, 6%, 8% micro steel fiber by 54.83%, 27.82%, 19.08%, 22.54%, 14.39%
respectively.
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Fig. 6. Impact absorption after 28 days

It was observed that the average impact absorption of 1:3 mortar ratio specimens is higher than 1:4 mortar ratio
specimens for addition of 0%, 2%, 4%, 6%, 8% micro steel fiber by 25.36%, 8.58%, 17.39%, 24.31%, 16.42%
respectively.

V. ANALYTICAL STUDY

ANSYS software was used for FEM modelling in this study. This software contains different types of properties and
lots of elements types with different material modes in the library. Linear-elastic material model was used for the
specimen and hammer. For impact loading explicit dynamics method was used. The dimensions of the specimen and
setup and supporting condition were modeled lie in the experimental study. FEM mesh is shown in fig. 5.
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Fig. 5. Finite element mesh of specimen

A Test results of ANSYS
It was observed that the average impact absorption of 1:3 mortar ratio specimens are higher than 1:4 mortar ratio

specimens for addition of 0%, 2%, 4%, 6%, 8% micro steel fiber by 54.82%, 27.83%, 19.09%, 22.54%, 14.40%
respectively.
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Fig. 6. Impact absorption values of 7 days specimen
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Fig. 7. Impact absorption values of 28 days specimen

It was observed that the average impact absorption of 1:3 mortar ratio specimens are higher than 1:4 mortar ratio
specimens for addition of 0%, 2%, 4%, 6%, 8% micro steel fiber by 25.36%, 8.58%, 17.39%, 24.29%, 16.42%

respectively.

B. Stress Vs Strain curve
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It was observed that the Stress increment of fibrous composites from non-fibrous composites for addition of 2%, 4%,
6%, 8% micro steel fibers were 4.16%, 7.73%, 20.23%, 60.11% respectively.

C. Bending Stress and Shear stress
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Fig. 9. Bending Stress after 28 days

It was observed that the bending stress of 1:3 mortar ratio from 1:4 mortar ratio for addition of 0%, 2%, 4%, 6%, 8%
micro steel fibers were higher by 24.44%, 26.08%, 13.55%, 24.28%, 13.25% respectively.
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Fig. 10 Shear Stress after 28 days

It was observed that the Shear stress of 1:3 mortar ratio from 1:4 mortar ratio for addition of 0%, 2%, 4%, 6%, 8%
micro steel fibers were higher by 8.57%, 16.21%, 23.68%, 27.5%, 33.33% respectively.

V. CONCLUSION

1. Experimental Average Impact energy absorption of 1:3 mortar ratio specimens are higher than 1:4 mortar ratio
specimens for addition of 0%, 2% ,4%, 6%, 8% steel fibers after 7 days by 54.83%, 27.82%, 19.08%, 22.54%,
14.39% respectively.

2. Experimental Average Impact energy absorption of 1:3 mortar ratio specimens are higher than 1:4 mortar ratio
specimens for addition of 0%, 2% ,4%, 6%, 8% steel fibers after 28 days by 25.36%, 8.58%, 17.39%, 24.31%,
16.42% respectively.

3. Analytical Impact energy absorption of 1:3 mortar ratio specimens are higher than 1:4 mortar ratio specimens for
addition of 0%, 2% ,4%, 6%, 8% MSF after 7 days by 54.82%, 27.83%, 19.09%, 22.54%, 14.40% respectively.

4. Analytical Impact energy absorption of 1:3 mortar ratio specimens are higher than 1:4 mortar ratio specimens for
addition of 0%, 2% ,4%, 6%, 8% MSF after 28 days by 25.36%, 8.58%, 17.39%, 24.31%, 16.42% respectively.

5. With increase in Steel fiber percentage, the resistance of specimens against impact also increases. The performance
of 8% addition of steel fiber reinforced mortar is better than other Specimens.
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6. The stress increment of 8% addition of micro steel fiber composites was 60.11% more compared to non-fibrous
composites so it can be preferred.

7. After 7 days the Bending stress of 1:3 mortar ratio from 1:4 mortar ratio for addition of 0%, 2%, 4%, 6%, 8%
micro steel fibers were higher by 29.62%, 18.75%, 39.02%, 20.40%, 20.75% respectively.

8. After 7 days the Shear stress of 1:3 mortar ratio from 1:4 mortar ratio for addition of 0%, 2%, 4%, 6%, 8% micro
steel fibers were higher by 28.57%, 16.66%, 15.38%, 18.51%, 17.24% respectively.

9. After 28 days the Bending stress of 1:3 mortar ratio from 1:4 mortar ratio for addition of 0%, 2%, 4%, 6%, 8%
micro steel fibers were higher by 24.44%, 26.08%, 13.55%, 24.28%, 13.25% respectively.

10. After 28 days the Shear stress of 1:3 mortar ratio from 1:4 mortar ratio for addition of 0%, 2%, 4%, 6%, 8% micro
steel fibers were higher by 8.57%, 16.21%, 23.68%, 27.5%, 33.33% respectively.
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