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Mix No. Mix W/(Ms+Cm) W Cm Micro Coarse Fine SP Fiber Vs
ID silica Agg  Agg
Kg/m? (%)
1 SFO* 0.325 157.5 450 36 850 940 3.6 0 0
2 SF0.5L3* 0.325 157.5 450 36 850 940 3.6 39.25 0.5
3 SF1.0L3* 0.325 157.5 450 36 850 940 3.6 78.5 1
4 SF1.5L3* 0.325 157.5 450 36 850 940 3.6 117.75 1.5
R50 940 36
5 SF0.5L5* 0.325 157.5 450 36 850 940 3.6 39.25 0.5
6 SF1.0L5* 0.325 157.5 450 36 850 940 3.6 78.5 1
7 SF1.5L5* 0.325 157.5 450 36 850 940 3.6 117.75 1.5

Table. 1. Mix proportions of the concrete
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Table. 4. Properties of steel fiber used in the study

Fig. 1. Shape of the wavy hooked-end steel fibers used in the
study
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Fig. 2. (a) Schematics dimensions of the steel fibers (L: length,
d: diameter)
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Composition Test (%)

Result

SiO2 21.11
AlLO; 4.42
Fe203 3.96

CaO 63.36
MgO 1.51
SOs3 2.61
Na20 0.38
K20 0.51
CsS 54.7
C2S 19.3
CiA 5.0

Table. 2. Chemical composition of cement

s Son DS 5 LT Y g

Composition Max(%) Composition  Max(%)
SiO2 85 MgO 1.5
Fe203 2 C 3
CaO 1.5 L.O.I 3.5
AlLO3 1 H20 1

Table. 3. Composition of Micro silica
e 5358 Ol lasie £ J gl

Length  Diameter Aspect Density  Tensile
l(mm) d(mm) ratio (kg/m?) st.
(mm/mm) (MPa)
30 0.65 46 7850 1100
50 0.67 75 7850 1100
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Fig. 3. Drop-Weight Impact test machine
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Fig. 5. Compressive strength of SF with different fiber content
and two lengths of 30 and 50 mm at 7 days.
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Fig. 4. Fracture pattern of concrete under compressive test
a) Plain concrete b) steel fiber-reinforced concrete
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Fig. 6. Compressive strength of SF with different fiber content
and two lengths of 30 and 50 mm at 28 days
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Fiber Ve Mix Compressive st. Percentage
length (%) Designation (MPa) increase w.r.t. SFO (%)
(mm)
7 days 28 days 7 days 28 days
0 SFO 40.33 49.63
0.5 SF0.5L3 41.5 53.88 2.9 8.6
30 1.0 SF1.0L3 46.2 61.24 14.55 23
1.5 SF1.5L3 42.7 57.6 5.88 16
0.5 SF0.5L5 41.4 53.26 2.65 7.3
50 1.0 SF1.0L5 46.27 56.67 14.73 14.18
1.5 SF1.5L5 48.8 61.82 21 25

Table. 5. Compressive strength of seven mix proportions at 7 and 28 days

Lol i 5 B3t bV 228 Caslie slie 7 Jgar

Fiber Ve Mix Tensile st. Percentage
length (%) Designation (MPa) increase w.r.t. SFO (%)
(mm)
7 days 28 days
- 0 SFO 3.71 48 -
0.5 SF0.5L3 3.86 5.31 4 9.5
30 1.0 SF1.0L3 3.98 5.89 7.3 21
1.5 SF1.5L3 3.9 5.82 5 20
0.5 SF0.5L5 3.91 5.63 5.4 16
50 1.0 SF1.0L5 4.26 5.72 15 18
1.5 SF1.5L5 4.62 6.85 25 41

Table. 6. Tensile strength of seven mix proportions at 7 and 28 days

Mix Impact resistance Percentage
Designation No. of blows N2-N1 increase N1 - Nlsro N2-N2sro
First Crack Failure N2 w.r.t. N1
(N1) (N2) (%0)
SFO 50 52 2 L
SF0.5L3 72 94 22 31 22 42
SFIL3 83 108 35 30 33 56
SF1.5L3 358 506 148 41 308 454
SF0.5L5 67 100 33 49 17 48
SF1L5 105 163 58 55 55 111
SF1.5LS 780 1020 240 30 730 968

Table. 7. Impact test results
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Fig. 7. Fracture pattern of concrete under tensile test a) plain
concrete b) steel fiber-reinforced concrete
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Fig. 8. Tensile strength of SF with different fiber content and
two lengths of 30 and 50 mm at 7 days.
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Fig. 12. Fracture pattern of concrete with different fiber volume
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Abstract:

Fiber Reinforced Concrete can be defined as a composite material consisting of mixtures of cement, mortar or
concrete and discontinuous, discrete, uniformly dispersed suitable fibers. Fiber reinforced concrete are of
different types and properties with many advantages. Fibers are usually used in concrete to control plastic
shrinkage cracking and drying shrinkage cracking. They also lower the permeability of concrete and thus
reduce bleeding of water. Some types of fibers produce greater impact, abrasion and shatter resistance in
concrete. Generally fibers do not increase the flexural strength of concrete. Some fibers reduce the strength of
concrete. Various fibers have been used by researchers to reinforce concrete and extend the service life of
structures, also researchers are using different fibers to improve behavior of different concretes, especially
high-strength concrete, against impact and dynamic loads. This study investigate the effect of different
contents and lengths of steel fiber on the mechanical properties of high-strength concrete. In this study, wavy
hooked-ended fibers of two length (30, 50 mm) with three volume fraction 0.5%, 1% and 1.5% were added to
concrete mixes and 150%300 mm cylindrical specimens were made. Mixing of fiber reinforced concrete needs
careful conditions to avoid balling of fibers, segregation and in general the difficulty of mixing the materials
uniformly. Increase in the aspect ratio, volume percentage and size and quantity of coarse aggregate intensify
the difficulties and balling tendency. Then different tests were performed for determination of compressive
strength, splitting tensile strength and impact resistance at 7 and 28 days, in accordance with standards and
procedure proposed. The impact resistance (strength) test was s carried out by using drop weight method
recommended by ACI Committee. The drop-weight test equipment was fabricated according to A SASTM
standards. The number of blows to the first visible cracks on the top surface of the disc is defined as the first-
crack strength. The results indicated that the addition of different contents and lengths of steel fiber caused
significant change in the mechanical properties of high-strength concrete. In the best case, using 1.5% of 50
mm long steel fibers, increased compressive strength and splitting tensile strength by 25% and 40%,
respectively, compared to non-fibrous high-strength concrete. A remarkable improvement was observed in
impact resistance of the fibrous concretes, as compared with the reference materials. By incorporating steel
fibers into the mixtures, specially longer fibers, a conclusive increase in the number of blows required for first
and final cracking (as compared to reference values) was observed, as well as the number of blows from the
first cracks to the final failure in the high percentage of the fiber increased up to 80%. Moreover, it can be
concluded that, by adding fiber, the failure crack pattern was changed from a single crack to a group of narrow
crack, which demonstrate the beneficial effect of fiber reinforced concrete when subjected to impact loading.
Addition of steel fibers to concrete significantly enhances modulus of rupture and toughness, and resists
cracking in high-strength concrete, and restrains damage during the process of impact by complementally
mechanisms.

Keywords: Fiber-Reinforced High-Strength Concrete, Steel Fiber, Compressive Strength, splitting Tensile
Strength, Impact Strength
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