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Effect of Hooked-end Steel Fiber Volume Fraction and Aspect Ratio on Flexural

and Compressive Properties of Concrete

Dong-Hui Kim', Seok-Joon Jang?, Sun-Woo Kim’, Wan-Shin Park’, Hyun-Do Yun®"

Abstract: This study investigates the influence of hooked-end steel fiber volume fraction and aspect ratio on the mechanical properties, such as
compressive and flexural performance, of concrete with specified compressive strength of 30MPa. Three types of hooked-end steel fibers with aspect
ratios of 64, 67 and 80 were selected. The flexural tests of steel fiber reinforced concrete (SFRC) prismatic specimens were conducted according to EN
14651. The compressive performance of SFRC with different volume fractions (0.25, 0.50 and 0.75%) were evaluated through standard compressive
strength test method (KS F 2405). Experimental results indicated that the flexural strength, flexural toughness, fracture energy of concrete were
improved as steel fiber volume fraction increases but there is no unique relationship between steel fiber volume fraction and compressive performance.
The flexural and compressive properties of concrete incorporating hooked-end steel fiber with aspect ratio of 64 and 80 are a little better than those
of SFRC with aspect ratio of 67. For each SFRC mixture used in the study, the residual flexural tensile strength ratio defined in Model Code 2010
was more than the limit value to be able to substitute rebar or welded mesh in structural members with the fiber reinforcement.
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Table 1 Mix proportion of high-strength concrete

Table 2 Mechanical properties of hooked-end steel fiber
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(a) Dimension of specimen (unit: mm)

(b) Flexural test

Fig. 1 Flexural test setup for SFRC specimens
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Table 3 Compressive properties of SFRC cylinders

Mixture Seu E. v & T3 T.s TR.; TR.;
(MPa) (GPa) () (MPa - mm) (MPa - mm)

CON 28.1 (£3.9) 27.0 (£1.0)  0.16 (£0.04) 1709.3 (+182.1) - - - -
NS-64-0.25 22.3 (#1.1) 25.0 (£0.6)  0.20 (£0.01) 1838.5 (+134.1) 0.06 (+0.00)  0.06 (£0.00)  0.31 (£0.03)  0.31 (+0.03)
NS-64-0.50 22.7 (£0.8) 22.9(+0.7)  0.19 (£0.01) 1789.7 (+115.5) 0.09 (+0.01)  0.09 (+0.01)  0.43 (£0.02)  0.46 (+0.03)
NS-64-0.75 24.2 (£0.3) 227 (£0.5)  0.19 (£0.00) 2013.3 (+132.9) 0.12(£0.00) 0.14 (£0.01) 0.56 (£0.03)  0.66 (+0.04)
NS-67-0.25 24.5 (£0.3) 274 (£1.1)  0.18(£0.01) 1836.5 (+14.8) 0.07 (+0.00) 0.07 (+0.00)  0.31 (£0.00)  0.31 (+0.00)
NS-67-0.50 23.9 (x1.2) 26.8 (£0.9)  0.18 (+0.01) 1467.5(x121.1) 0.08 (+0.01) 0.08 (+0.01)  0.37 (x0.03)  0.39 (£0.03)
NS-67-0.75 24.8 (£0.9) 26.9 (£0.6)  0.20 (+0.02) 1935.1 (#25.2) 0.13 (£0.00) 0.15(%0.00)  0.56 (x0.00)  0.67 (£0.01)
NS-80-0.25 21.7 (£0.2) 25.6 (£1.2)  0.17 (£0.02) 1763.3 (+48.9) 0.06 (+0.00) 0.07 (+0.00)  0.33 (£0.01)  0.34 (+0.01)
NS-80-0.50 21.5 (£0.9) 223 (£0.3)  0.18(£0.02) 2001.0 (+204.3) 0.10 (£0.01) 0.12 (+0.01)  0.52 (£0.04)  0.60 (+£0.05)
NS-80-0.75 22.9 (£1.6) 22.2(£0.2) 021 (£0.04) 1957.5(%129.4) 0.13 (+0.01) 0.16 (+0.01)  0.62 (£0.01)  0.78 (+0.02)
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Fig. 2 Compressive stress-strain curves of SFRC cylinders
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Table 4 Flexural properties of SFRC prismatic specimens
Mixture i Jr Jai fr2 Jrs Jra JrilfL Jrslfri Gy
(MPa) (MPa) (MPa) (MPa) (MPa) (MPa) (kN/m)
3.7 3.7
CON (#£0.4) (0.4) ) ) B B - - -
NS-64-0.25 3.6 3.6 1.4 1.6 1.9 1.7 0.39 1.34 986.7
’ (#0.0) (#0.0) (*0.1) (#0.1) (#0.2) (*0.2) (£0.04) (#0.01) (+86.4)
NS-64-0.50 4.8 4.8 34 3.6 3.9 3.8 0.70 1.16 2117.9
) (+0.0) (#0.0) (x0.1) (x0.4) (#0.1) (x0.1) (+0.02) (£0.08) (£33.7)
NS-64-0.75 4.5 5.6 43 54 5.6 5.1 0.97 1.29 2872.8
: (+0.2) (+0.2) (+0.1) (+0.2) (+0.2) (+0.2) (+0.03) (+0.01) (+102.2)
NS-67-0.25 3.8 3.8 1.8 2.2 2.1 1.9 0.48 1.15 1210.3
: (*0.3) (+0.3) (+0.4) (*0.5) (*0.5) (*0.5) (+0.09) (+0.00) (£279.3)
NS-67-0.50 44 4.6 2.8 3.5 4.1 4.0 0.63 1.48 2052.6
) (#0.1) (#0.3) (#0.5) (#0.7) (#0.6) (#0.5) (#0.09) (#0.09) (£328.3)
NS-67-0.75 4.6 5.1 33 45 4.8 4.7 0.72 1.43 2460.2
) (#0.1) (#0.5) (*0.4) (#0.6) (#0.7) (#0.8) (#0.07) (#0.06) (#£331.3)
NS-80-0.25 43 43 2.0 24 23 22 0.47 1.17 1330.5
: (0.1 (0.1) (*0.2) (*0.2) (*0.2) (*0.3) (+0.06) (+0.14) (+108.9)
NS-80-0.50 45 5.0 3.5 43 4.8 49 0.79 1.37 2504.8
’ (#0.3) (#0.1) (#0.3) (0.4) (#0.2) (#0.2) (#0.11) (#0.07) (£103.5)
NS-80-0.75 53 8.3 5.8 7.4 8.1 8.1 1.11 1.39 4118.7
’ (#0.5) (#0.9) (#0.6) (#0.6) (#0.8) (*1.0) (#0.02) (0.08) (£380.2)
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Fig. 5 The effects of steel fibers properties on fracture energy of SFRC
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