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Effects of Steel Fiber Properties on Compressive and Flexural Toughness of Steel

Fiber-Reinforced Concrete
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Abstract: Effects of tensile strength and aspect ratio of steel fiber on compressive and flexural behavior of steel fiber-reinforced concrete (SFRC) with

high- and normal-strength were investigated. Also, this study explores compressive behavior of SFRC with different loading rate. For this purpose,

four types of steel fiber were used for SFRC with specified compressive strength of 35 and 60 MPa, respectively. Cylindrical specimens with a diameter
of 150 mm and height of 300 mm were made for compression test, and prismatic specimens with a 150X 150 mm cross-section and 450 mm span
length were made for flexural test. Test results from compression and flexural tests indicated that the toughness of concrete significant increased with

steel fibers. Especially, using steel fiber with high tensile strength and aspect ratio can be lead to performance improvement of high-strength SFRC.
In this study, equations are suggested to predict compressive toughness ratio of SFRC from flexural toughness ratio.
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Table 1 Mixture proportions of SFRC

Unit weight (kg/m’)
0,
Jok we B0y C S G
35 0.5 0.75 200 400 729 922
60 0.3 ’ 200 666 900 540

Jex: specified compressive strength, 7 fiber volume fraction

Table 2 Mechanical properties of steel fiber

Length Diameter Tensile strength

Typ (mm) (mm) Aspect ratio (MPa)
NS64 1,200
HS64 35 0.55 64 1,600
NS80 1,100
HSS0 60 0.75 80 1,600
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(b) Flexural test

Fig. 1 Test set-up for mechanical properties
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Table 3 Effect of loading rate on compressive properties of SFRC
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Fig. 2 Effects of loading rate on compressive behavior

Load
™

i

> d

Displacement

Fig. 3 Compressive toughness of SFRC
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Loading rate Jfeu (MPa) E. (GPa) & (ue) T, ; (kN-mm) T, s (kN-mm) TR.; TR s
0.05 mm/min 36.3 24.7 2243 396.4 554.5 0.69 0.58
0.1 mm/min 36.1 26.0 2097 411.2 574.3 0.72 0.60
0.3 mm/min 38.0 27.1 2140 429.5 611.4 0.71 0.61
0.5 mm/min 38.4 26.6 2019 442.2 634.3 0.72 0.62
1.0 mm/min 40.4 26.3 2287 453.9 654.4 0.71 0.61
0.5 MPa/sec 40.6 25.4 2117 - - - -

E.: modulus of elasticity, &: strain at compressive strength
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Table 4 Effect of steel fiber properties on compressive behavior of SFRC

Mixture code Jfeu (MPa) E. (GPa) & (Ue) T3 (KN'-mm) T 5 (kN-mm) TR 3 TR.s
35-CON 35.8 (£0.7) 25.7 (£0.3) 2217 (£79) 284.2 (£22.6)  349.3 (+32.7) 0.49 (£0.03) 0.36 (£0.03)
35-NS64 35.1 (x1.3) 25.2 (x0.5) 2198 (£159) 357.4 (£24.1)  490.6 (+27.0) 0.64 (£0.02) 0.53 (£0.01)
35-HS64 38.9 (x0.2) 25.8 (x0.5) 2318 (+40) 4452 (£25.9)  640.5 (+60.2) 0.72 (£0.04) 0.62 (+£0.06)
35-NS80 33.9 (£0.1) 22.3 (£2.6) 2383 (£127) 371.1 (£2.5) 517.2 (£16.6) 0.69 (+0.00) 0.58 (£0.02)
35-HS80 35.5 (£0.0) 23.5 (+0.0) 2503 (0) 406.5 (+0.0) 581.0 (£0.0) 0.72 (£0.00) 0.62 (£0.00)
60-CON 68.3 (+1.6) 30.2 (£0.5) 3194 (£17) - - - -
60-HS64 65.8 (x1.1) 28.5 (x0.4) 3439 (£264) - - - -
60-NS64 65.3 (£1.0) 30.5 (+0.7) 3183 (+45) - - - -
60-NS80 64.3 (£2.0) 30.0 (£0.9) 3139 (£283) - - -
60-HS80 65.1 (2.3) 31.0 (£0.2) 2907 (£157) - - - -

(a) 35-CON (b) 35-HS80
" 3 > | YR

(c) 60-CON (d) 60-HS80
Fig. 4 Failure mode of SFRC under compressive loading
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Table 5 Effect of steel fiber properties on flexural behavior of SFRC
Mixture code f] (MPa) fy (MPa) Dg()g (kNmm) T}j]_sg (kNmm) TRfj()() TR[]_so
35-CON 4.10 (£0.27) 4.10 (£0.27) - - - -
35-NS64 4.65 (£0.12) 5.12 (£0.48) 50.1 (£7.2) 89.8 (£12.7) 0.95 (£0.12) 0.86 (£0.10)
35-HS64 421 (+0.24) 4.21 (+0.24) 41.1 (+1.3) 75.5 (£3.6) 0.87 (+0.02) 0.80 (0.01)
35-NS80 4.36 (+0.29) 5.07 (£0.42) 50.5 (+4.7) 99.6 (£8.1) 1.03 (£0.04) 1.01 (£0.02)
35-HS80 4.07 (£0.17) 4.95 (£0.42) 47.6 (£2.9) 99.3 (£7.2) 1.04 (£0.04) 1.08 (£0.08)
60-CON 6.25 (£0.07) 6.25 (£0.07) - - - -
60-HS64 6.88 (£0.32) 7.00 (£0.19) 66.4 (+3.3) 112.9 (+3.2) 0.86 (0.07) 0.73 (0.05)
60-NS64 6.77 (£0.05) 6.78 (£0.05) 65.1 (£1.9) 126.9 (£6.2) 0.85 (+0.02) 0.83 (x0.04)
60-NS80 7.29 (£0.22) 7.29 (£0.22) 63.3 (£8.9) 114.6 (£21.5) 0.77 (£0.09) 0.70 (x0.11)
60-HS80 7.58 (£0.53) 9.97 (£0.92) 89.5 (+4.1) 196.9 (£15.0) 1.05 (£0.03) 1.15 (20.02)

/- flexural strength
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8 X BEATEETY IR L oV 33 E 9@ BEAE 17 Z 38 E(Steel fiber-reinforced concrete, SFRC) 2] ¢S
2 3 Aol M= G2 Hr8H7] Hste] AAE T E3FE AT A 71 &S0 w2 SFRCE 4EAF-S H7IBIA o & sl &
4F 7] AR AAZE SFE 35 E 60 MPag SFRCY 2 ARE-H AT 4S54T H7HE 98] AE 150 mm 2 0] 300 mm <] A5
g FAANE ARESFE o, T 150x 150 mm 2 X|7F450 mm 2] ZHEE FAA S AMESl] 8 AE e AAS T AgE s R &
Y2 ZIYEL IS A AT e AL 2 Vel o, 1% 0 -72] A2 1173 % SFRCE] 43571 d ol 23490 Ao = eyt
o] & Aol A= SFRCY & 1A G0l AT J5A8 A 28 71 & A3kt
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