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Flexural Strength of Hybrid Steel Fiber-Reinforced Ultra-High
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ABSTRACT This paper proposes a method for predicting flexural strength of hybrid steel fiber-reinforced ultra-high strength
concrete beams. It includes an experimental test framework and associated numerical analyses. The experimental program includes
flexural test results of hybrid steel fiber-reinforced ultra-high strength concrete beams with steel fiber content of 1.5% by volume.
Tensile softening characteristics play an important role in the structural behavior of steel fiber-reinforced ultra high performance
concrete. Tension softening modeling is carried out by using crack equation based on fictitious crack and inverse analysis in which
load-crack mouth opening displacement relationship is considered. The comparison of moment-curvature curves of the numerical
analysis results with the test results shows a reasonable agreement. Therefore, the numerical results confirms that good prediction of
flexural behavior of steel fiber-reinforced ultra high strength concrete beams can be achieved by employing the proposed method.

Keywords : hybrid steel fiber, ultra-high strength concrete, tension softening, moment-curvature, flexural strength
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Table 1 Mix proportion (weight ratio)

Water- Water-
binder | Cement | Zirconium | Filler |Fine agg.| reducing
ratio admixture
0.2 1.0 0.25 0.3 1.1 0.02
Load

|

p— ‘_.‘ : : 3

e > e =
(;lj 1200 |( 600 | 1200 |(150

3300

Fig. 1 Dimension of test setup
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Table 2 Details of test beams

Test parameters

Compressive ] )
Beam strength | Rebar ratio | stirrup | Method

(MPa) spacing of

Rebar | Ratio | (mm) | placing
H25-R1 182.9 2-D13]0.0059 - End
H25-R2 186.2 3-D13]0.0089 - End
H25-R2-C 182.9 3-D13]0.0089 - Midspan
H25-R2-S 186.2 3-D13]0.0089| 150 End
H25-R3 179.9 4-D13(0.0119 - End
H25-R4 179.9 2-D16(0.0146 - End
H25-R5 181.9 3-D13]0.0155 - End
H25-R6 181.9 3-D13]0.0219 - End
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Fig. 2 Compressive stress-strain relationship
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Fig. 4 Test results of load-CMOD curves
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Fig. 5 Poly-linear tension-softening curve
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Experiment

Crack mouth opening displacement

(a) Load-CMOD curve

Stress
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C

Crack mouth opening displacement

(b) Fitting of stress-CMOD curve

Fig. 6 Poly-linear inverse analysis
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Fig. 7 Specimen modeling for inverse analysis
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Fig. 8 Inverse analysis result
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Fig. 12 Comparison of test result and analytical value
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Table 3 Test and analytical results

Test result | Analytical result M,
Member | (ay,.) (L) M.
H25-R1 66.9 76.2 1.14
H25-R2 78.8 86.2 1.09
H25-R2-C 80.0 86.2 1.08
H25-R2-S 77.8 86.2 1.11
H25-R3 88.3 108.3 1.23
H25-R4 77.2 91.8 1.19
H25-R5 91.0 97.9 1.08
H25-R6 108.1 109.4 1.01
Mean 1.12
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