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Compressive and Flexural Properties of Concrete Reinforced with High-strength
Hooked-end Steel Fibers

Qi-Wang', Dong-Hwi Kim', Hyun-Do Yun®*, Seok-Joon Jang®, Sun-Woo Kim*

Abstract: This paper investigates the effect of high strength hooked-end steel fiber content and aspect ratio on the compressive and flexural performance
of concrete. A total of ten mixtures were prepared and tested. Concretes with specific compressive strength of 30 MPa were reinforced with three different
aspect ratios (//d) of steel fibers 64, 67, and 80 and three different percentages of steel fibers 0.25, 0.50, and 0.75% by volume of concrete. Tensile
strengths of steel fibers with //d of 64, 67, and 80 are 2,000, 2,400, and 2,100 MPa, respectively. The compressive and flexural properties of plain and
steel fiber-reinforced concrete (SFRC) mixtures were evaluated and compared. The experimental results indicated that the incorporation of high-strength
hooked-end steel fibers had significant effects on the compressive and flexural performance of concrete. With the increase of steel fiber content,
compressive performances, such as Poisson's ratio and toughness, of concrete were improved. The steel fibers with the least /4 of 67 resulted in a larger
enhancement of compressive performances. The residual flexural strength, that is, post-cracking flexural resistance and toughness, of concrete is mainly
depended on the dosage and aspect ratio of steel fibers. The residual flexural strength at serviceability (SLS) and ultimate limit state (ULS) defined in
fib Model Code 2010 (MC2010) is increased as the fiber content and aspect ratio increase.

Keywords: High strength steel fiber, Fiber content, Aspect ratio, Compressive strength, Flexural strength, Steel fiber reinforced concrete
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Table 1 Mix proportion of concrete

w/C Air S/a Unit weight (kg/m®)
(%) (%) (%) A C S G
55 4 45 129 235 557 669

‘W: Water, C: Cement, S: Sand, G: Gravel

Table 2 Properties of hook-end steel fibers

Aspect  Tensile

Fiber = Diameter Length . Vi
Type (mm) (mm) ratio strength %)
P /dy  (MPa)
HS-64 055 35 64 2000 0
0.25
HS-67 0.90 60 67 2400 050
HS-80 0.75 60 80 2100 0.75

(a) HS-64

(b) HS-67

(c) HS-80
Fig. 1 Shape of hooked-end steel fiber
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Fig. 2 Experimental setup for prismatic specimens (unit :mm)
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Table 3 Test results on compressive properties of cylindrical specimens
Mixture Jem E. v &o Tes T.s TR, 3 TR.s
(MPa) (GPa) (10°) (MPa) (MPa)
CON 24.08 27.25 0.13 1336.54 0.08 0.09 0.38 0.41
(#1.5) (*1.4) (+0.01) (*133.65) (+0.01) (+0.01) (£0.03) (£0.03)
HS-64-0.25 243 31.6 0.20 1445.67 0.09 0.10 0.41 0.44
) (0.4) *3.7) (0.02) (+229.33) (*0.01) (#0.01) (£0.05) (+0.06)
HS-64-0.50 21.8 27.3 0.18 1481.49 0.08 0.09 0.41 0.45
) (£0.9) (20.1) (#0.01) (+489.66) (0.03) (0.03) (*0.11) (+0.14)
HS-64-0.75 24.5 27.5 0.21 1703.36 0.10 0.11 0.46 0.51
: (=1.3) (0.2) (£0.02) (#210.10) (£0.01) (20.02) (£0.04) (£0.05)
HS-67-0.25 25.1 28.2 0.18 1541.10 0.10 0.11 0.42 0.46
: (*2.0) (*0.1) (+0.03) (£263.70) (+0.02) (+0.02) (+0.05) (£0.07)
HS-67-0.50 27.3 28.0 0.21 1726.20 0.11 0.12 0.46 0.51
) (£1.0) (£0.9) (#0.01) (+107.45) (+0.00) (0.00) (+0.03) (£0.03)
HS-67-0.75 30.2 26.9 0.19 1969.23 0.14 0.15 0.50 1.60
) (*1.5) (#0.5) (#0.01) (+141.83) (0.00) (#0.00) (+0.03) (0.02)
HS-80-0.25 23.0 27.7 0.17 1431.73 0.08 0.09 0.40 0.40
’ (*1.3) (*1.5) (#0.00) (+262.07) (£0.02) (£0.02) (#0.06) (#0.07)
HS-80-0.50 24.6 30.0 0.19 1504.09 0.09 0.10 0.40 0.46
: (*0.7) (*0.7) (+0.01) (*133.41) (+0.01) (+0.01) (£0.03) (+0.04)
HS-80-0.75 24.9 27.8 0.20 1921.15 0.11 0.13 0.50 0.57
) (£0.7) (£0.6) (+0.02) (+255.29) (#0.01) (+0.02) (+0.05) (*0.07)
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Fig. 3 Typical compressive stress-strain curves of SFRC cylindrical specimens
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Table 4 Test results on flexural properties of prismatic specimens

Mixture Ji Jri Jr2 Jrs Jra Jik Srix Jrsx Jri! fix  frsx! frix Gr
(MPa) (MPa) (MPa) (MPa) (MPa) (MPa) (MPa) (MPa) (Class) (I/m?)
3.8
CON (#0.1) i ) ) ) i ) ) ) ) i
HS-64-0.25 3.50 2.05 2.37 2.55 2.44 3.22 1.95 2.50 0.72 1.28 1345.71
: (*0.17)  (#0.06) (+0.12) (+0.03) (+0.03) (1.5d) (+20.47)
HS-64-0.50 3.80 3.01 3.98 425 4.10 3.68 2.45 3.67 0.92 1.49 2149.37
’ (#0.07) (+0.34) (+0.38) (+0.35) (+0.23) (2.0e) (+183.07)
HS-64-0.75 5.0 3.85 5.21 5.67 5.51 4.52 3.57 4.88 0.98 1.37 2838.29
’ (#0.29) (#0.17) (+0.44) (+0.48) (+0.36) (3.0e) (+207.55)
HS-67-0.25 3.63 1.85 1.94 2.04 221 2.89 1.47 1.71 0.56 1.16 1145.76
: (#0.45) (+0.23) (+0.01) (+0.20) (+0.32) (1.0d) (£50.15)
HS-67-0.50 3.73 2.71 3.59 4.36 4.72 3.68 2.68 4.08 0.90 1.52 2160.90
’ (#0.03) (+0.02) (+0.34) (+0.17) (*0.10) (2.5¢) (£56.27)
HS-67-0.75 3.98 4.46 6.07 7.15 7.66 3.70 4.30 7.03 1.61 1.63 3510.87
’ (*0.17)  (#0.10) (+0.19) (+0.07) (+0.06) (4.0e) (#50.79)
HS-80-0.25 433 1.94 2.54 2.82 2.82 4.07 1.87 2.75 0.61 1.47 1465.53
’ (#0.16)  (+0.04) (+0.01) (+0.04) (+0.09) (1.5¢) (+8.89)
HS-80-0.50 4.46 3.78 4.72 5.38 5.29 3.72 3.76 5.31 1.25 1.41 2674.87
’ (#0.45)  (#0.01) (£0.16) (£0.04) (0.35) (3.0e) (£79.63)
HS-80-0.75 5.50 6.13 7.26 8.13 7.88 4.74 6.08 6.78 1.25 1.12 4071.82
’ (#0.46)  (+0.03) (+0.79) (+0.82) (*0.15) (6.0d) (£226.63)
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Fig. 7 Fiber content effect on residual flexural strength
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Fig. 8 Fiber aspect ratio effect on fracture energy
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Table 5 Number of fibers distributed on fracture surface

Distance from __ No-of fibers _Density
Mixture the top M CcV % of fibers fhers/om?
(nm) ean %) ers/cm
Al 933 24.12 0.22 0.20
A2 13.00 37.68 0.31 0.28
HS-64-0.25
A3 10.33 48.84 0.25 0.22
A4 9.50 22.82 0.23 0.20
Al 16.00 46.27 0.22 0.34
A2 20.50 17.66 0.28 0.44
HS-64-0.50
A3 18.33 37.74 0.25 0.39
A4 17.83 2227 0.25 0.38
Al 25.50 2297 0.31 0.54
A2 17.00 38.12 0.21 0.36
HS-64-0.75
A3 19.67 34.29 0.24 0.42
A4 20.00 26.08 0.24 0.43
Al 4,67 4823 0.27 0.10
A2 4.67 46.29 0.27 0.10
HS-67-0.25
A3 3.50  69.40 0.20 0.07
A4 4.50 53.98 0.26 0.10
Al 8.50 39.90 0.23 0.18
A2 10.33 2091 0.27 0.22
HS-67-0.50
A3 8.67 39.75 0.23 0.18
Ad 10.17  46.31 0.27 0.22
Al 11.83 41.89 0.20 0.25
A2 13.33  31.70 0.23 0.28
HS-67-0.75
A3 17.50 43.03 0.30 0.37
Ad 16.33  45.10 0.28 0.35
Al 4.17  23.60 0.21 0.09
A2 7.17 2848 0.36 0.15
HS-80-0.25
A3 6.00 42.16 0.30 0.13
A4 2.67 5646 0.13 0.06
Al 15.25 21.67 0.27 0.33
A2 13.00 28.78 0.23 0.28
HS-80-0.50
A3 13.50 15.42 0.24 0.29
Ad 14.50 8.90 0.26 0.31
Al 20.00 47.33 0.33 0.43
A2 17.17  39.92 0.28 0.37
HS-80-0.75
A3 933 35.064 0.15 0.20
Ad 1433 18.55 0.24 0.31
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