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Fig. 1.The mechanism of fiber performance (a) long fiber
(b) short fiber
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Fig. 2. Grading curves of aggregates
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~ Sieve size Passing percentage (%)
Coarse agg Fine agg
g 7 100 -
prreETT 99 -
g 7 65.14 100
No.4 @4.75 mm) 6.48 98.4
No.8 2.36 mm) 0.58 81.8
No.16 (1.18 mm) - 63.82
No0.30 (/A mm) - 45.06
No.50 (/v mm) - 14.06
No.100 (+/ye mm) - 2.22

Table.2. Percentage of fine and coarse aggregates
from the sieve

passing
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Chemical percentage Tolerance  National Iranian
clements standard (389)
Sioz 20.67 0.3 20 min
AbLO3 4.87 0.3 6 max
Fe20Os3 3.74 0.2 6 max
Cao 64.29 0.5
Mgo 1.6 0.2
So3 2.44 0.2 3 max
Cl <0.014 0.002
Loss 1.75 0.4 3 max
In-R 0.44 0.2
Free Cao 0.9 0.5

Table.1.Chemical properties of Faraz Firoozkooh typell cement
g
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Mix properties Weight ratio
cement 1
Water 0.437
Coarse aggregate 1.33
Fine aggregate 2.00
SP* 0.2

*SP: Super Plasticizer
Table.4. Pull- out sample mix plan
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Fibers apparent qualities diameter  length
(mm) (mm)
Crimped Fiber with 0.8 50
longitudinal wave
Hooked  Fiber with hooked at 0.8 50
the end
Crimped- Fiber with 0.8 50
end longitudinal wave
hooked  and hooked at the end
Table.5. apparent qualities of the fibers
A=y
Lengtn (mm) -
Tensile strength (Mpa) 450-800
excellent Elastic Modulus (Mpa) 3500-7000
Melt point (C?) > 160-170

Fig. 5. appearance of the fiber
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Fig. 3. Shape of crimped- end hooked steel and modify
polypropylene fibers
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Fig. 4. steel fiber Shape
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(a
Name SFRC-ECR325
Tensile strength of the > 1100
wire (Mpa)
Elongation (%) <3
Length (mm) 50
Aspect Ratio (0.8mm) 62.5
Standard According to ASTM A820
(®

Table.3. Physical and mechanical properties of fibers.(a) Steel

fiber  (b) Polypropylene fiber
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Fig. 7. Stacking the fibers in the mold
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Fig. 8. The geometry of the samples and the drawing of the
direct pulling out
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Fig. 6. geometry of the mold and its parts
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Fig. 10. Results pull-out force for crimped fiber with (a)
25mm embedded length (b)15mm embedded length
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Embedded  Failure Peak Avg. Peak Avg.
Length mode Load Peak slip Peak
(mm) MN) load (mm) Slip
M) (mm)
25 Fracture 773 2.6
Fracture 736 2.86
Fracture 801 N.C 3.2 N.C
Fracture 788 25
Fracture 794 T 234
15 Pull out 723 3.14
Pull out 605 2.7
Pull out 653 2.4

AR

Embedde  Failure  Peak Avg. Peak Avg.
d Length mode Load Peak slip Peak
(mm) ™) load  mm) Slip
™) (mm)

25 Pull out 358 1.23

Pullout 436 1.5
Pullout 288 I 15 1.54

Pull out 487 1.74

Pull out 586 1.74

Table.6. Results for maximum pull-out force, Maximum force
point slip hooked fiber
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Fig. 9. Results of pull-out force for hooked fiber
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Embed Failure = Peak  Avg. Peak  Avg.
ded mode Load  Peak slip Peak
Length N) load (mm) Slip
(mm) (N) (mm)

25 Fracture 806 3.62

Fracture 764 2.3
Fracture 753 N.C 2.56 N.C

Fracture 717 3.05

Fracture 777 3.7

15 Pull out 704 2.5¢
Fracture 802 71975 288  2.77

Pull out 721 3

Pull out 652 2.7

Table.7. Results for maximum pull-out force, Maximum force
point slip crimped fiber
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Pull out 693 2.8 2.648

Fracture 733 2.2
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Table.8. Results for maximum pull-out force, maximum force
point slip Crimped- Hooked fiber
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Fig. 11. Results for pull-out force Crimped- Hooked fiber with
(a) 25mm embedded length (b)15mm embedded length
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Mi Mixture ID ? water  Cemen Coarse Fine Fiber type Fiber SP*  Slump
X. t Aggregat  Aggregat volume
No e e
T L LIl T (%) (%) (mm)
1 Plain 0.43 219 501 671 1007 - - 0.2 120
7
2 PP 0.25 0.43 219 501 671 1007 Polypropylene 0.25 0.2 110
7
3 PP 0.25+ST0.5  0.43 219 501 671 1007 Polypropylene+Stee ~ 0.25+0.5 0.2 100
7 1 5
4 PP 0.25+ST 0.43 219 501 671 1007 Polypropylene+Stee  0.25+0.7 0.5 120
0.75 7 1 5 5
5 PP 0.25+ST 1.0 043 219 501 671 1007 Polypropylene+Stee ~ 0.25+1 0.6 130
7 1 2

*SP: Super Plasticizer

Table.9. Mix plan based on ACI 211.4R
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Fig.13. (a) Details of bending beam loading (b) Installation of
L.V.D.T (c) details of section (A) (d) bending beam plan (e)
Section of bending beam
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Fig. 14. Compressive strength test sample
Golis cuslas b5 eCRALI PR

Sample  Number Fiber Compressive
name of type strength
sample
ra, Standard
eAdyan 2% deviation
Ci 3 Plain 34.93 0.36
C 3 PP 0.25  36.06 0.65
(O 3 PP 0.25  42.06 0.15
+ST 0.5
Cs 3 PP 0.25 4236 0.239
+ST .75
Cs 3 PP 0.25 4456 1.88
+ST 1.0

Table.10. Compressive strength test result
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Fig. 12. Laboratory beam sample for flexural strength
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Fig. 16. Tensile strength test layout
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Sample = Number Fiber Indirect tensile strength
name of type Kyverage Standard
sample deviation
BR-1 3 Plain 324 0.066
BR-2 3 PP 0.25 3.64 0.068
BR-3 3 PP 0.25 4.16 0.0178
+ST 0.5
BR-4 3 PP 0.25 4.48 0.013
+ST
0.75
BR-5 3 PP 0.25 541 0.179
+ST 1.0
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Sample Sample type Mix ID Firstpeak  P3q P50 " bd 2 TpEen T PE T Acceptance
name (rectangle) oad of the fiber
Fi 150x150x500 Plain 36.1 - - 4813 - _ -
F2 150x150x500 PP 0.25 36 - - 438 - _ _
Fs 150x150x500 PP 0.25 38 34.1 35 5.186 342 28.5 OK
+ST 0.5
F4 150x150x500 PP 0.25 41.7 39.8 41.5 5.56 37.53 31.275 OK
+ST 0.75
Fs 150x150x500 PP 0.2 39.2 46 474 5.7 35.68 29.4 OK
+ST 1.0
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Abstract

An undesirable failure mode of a reinforced concrete beam is shear mode. Low tensile strength of
conventional concrete and brittle crushing due to shear failure in reinforced concrete beams can be improved
by adding adequate percentage of steel fibers. The combination of high and low elasticity fibers is capable of
arresting macro- and micro-cracks. In fact, the bridging action of fibers on crack faces causes a strong
limitation on opening of the crack. This phenomenon improves the aggregate interlock on the crack faces
which results in increasing the shear strength of the cracked section. In order to accurately study the pull-out
characteristics of crimped-steel fibers with end hook and to compare the results with the behavior of hooked
steel fibers and crimped steel fibers alone, an experimental study was conducted. Pull-out load versus slip
was thoroughly investigated in 25 specimens and parameters such as maximum pull-out force and its
associated slip were taken into account for comparison purposes. The results indicated that the crimped-steel
fibers with end hook have better performance in pull out test. In fact, the post-peak behavior of this type of
fiber shows a slight drop in carried load. This increases the area under the load-displacement curve in
comparison with the others. It can be predicted that cementitious composites reinforced with crimped-steel
fibers with end hook would be more ductile than those reinforced with other fibers. In addition, the effect of
modified polymer fibers along with different amounts of crimped end hook steel fibers on the mechanical
properties of conventional concrete such as compressive strength and indirect tensile strength was studied.
The modified polymer fibers were added into the mixes for arresting micro-cracks. 45 specimens were made
in 5 groups and the volume fraction of polypropylene fiber was kept constant (0.25%). The volume fraction
of steel fibers were selected in three ranges of 0.5%, 0.75%, 1.0%. Also a mix was cast without any fibers to
be used for comparison purposes. The results of this study showed that by adding 0.25% polypropylene
fibers and 1.00% crimped end hook steel fibers, 27.5% and 66.7% increase in compressive strength and
indirect tensile strength are observed compared to conventional concrete. In all cases, by adding steel fibers
with polypropylene fiber in the mentioned percentages, the fibers can show desirable performance in post-
cracking behavior. Finally, the criteria of ACI 318-2011 for using this fiber reinforced concrete (without
shear reinforcement) as the minimum shear reinforcement was investigated. The test is based on ASTM
C1609 and it is applicable to the sections of a beam when the applied shear is less than the concrete strength
from one hand but, on the other hand, it is greater than the half of that. It was found that this requirement is
met in all proposed fiber reinforced concretes. It can be concluded that in such sections the cementitious
composites studied in this paper can be utilized without accompanying any stirrups. In fact, the ductility
required by ACI 318-2011 in this area can be provided with steel fibers, rather than stirrups.

Keywords: Steel fiber, fiber reinforced concrete, shear strength, hybrid fiber, mechanical properties, pol
ymer fiber
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