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Influence of Hybrid Steel Fibers on Interfacial Bond Performance
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Abstract: The bonding performance of steel fibers (i.e., straight and hooked-end steel fibers) in hybrid steel fibers reinforced
ultrahigh-performance concrete (UHPC) was investigated through single steel fiber pullout tests. Based on the load—displacement
curves of steel fibers, the effects of hybrid steel fibers and their volume fraction on the bonding properties between hybrid steel fibers
and UHPC were analyzed, and the correlation between the fiber—UHPC interfacial bonding properties and the compressive strength
of UHPC was discussed. The pullout processes of steel fibers in hybrid steel fibers reinforced UHPC were clarified, and the pullout
load—slip models of the straight and hooked-end steel fibers during the pullout processes were proposed. It is indicated that the hybrid
of steel fibers could achieve an optimum interfacial bond performance between steel fibers and UHPC at the volume fraction of both
straight and hooked-end steel fibers embedded in the UHPC matrix of 1%.

Keywords: ultrahigh performance concrete; hybrid steel fibers; pullout behavior of steel fibers; bonding performance of the
interface; pullout load—slip model
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Tablel Mix proportion of ultrahigh performance concrete (UHPC) matrix kg/m®
Cement Silica fume Fly ash Quartz sand Quartz powder Super-plasticizer Water
7712 154.2 77.1 848.4 154.2 20.1 180.5
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Fig. 1 Size and geometry of hooked-end steel fiber
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Table 2 Geometric and mechanical parameters of steel

fibers
Steel fiber lymm dfmm re o/MPa
Hooked-end 22 0.3 73.33 2 850
Straight 13 0.22 59.10 2 850

lr—Length of steel fiber; dp—Diameter of steel fiber; r—Aspect ratio;

or—Tensile strength of steel fiber.
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Table3 Typesof pullout test samples

Sample Steel fiber under pullout on/% os/% 0/%
S-H00S00 Straight 0 0 0

S-H00S05 Straight 0 0.5 0.5
S-HO00S10 Straight 0 1.0 1.0
S-HO00S15 Straight 0 1.5 1.5
S-H00S20 Straight 0 2.0 2.0
S-H00S25 Straight 0 2.5 2.5
S-H05S05 Straight 0.5 0.5 1.0
S-HO5S10 Straight 0.5 1.0 1.5
S-HO5S15 Straight 0.5 1.5 2.0
S-H05S20 Straight 0.5 2.0 2.5
S-H10S05 Straight 1.0 0.5 1.5
S-H10S10 Straight 1.0 1.0 2.0
S-H10S15 Straight 1.0 1.5 2.5
S-H15S05 Straight 1.5 0.5 2.0
S-H15S10 Straight 1.5 1.0 2.5
S-H20S05 Straight 2.0 0.5 2.5
H-H00S00 Hooked-end 0 0 0

H-H05S00 Hooked-end 0.5 0 0.5
H-H10S00 Hooked-end 1.0 0 1.0
H-H15S00 Hooked-end 1.5 0 1.5
H-H20S00 Hooked-end 2.0 0 2.0
H-H25S00 Hooked-end 2.5 0 2.5
H-HO05S05 Hooked-end 0.5 0.5 1.0
H-H10S05 Hooked-end 1.0 0.5 1.5
H-H15S05 Hooked-end 1.5 0.5 2.0
H-H20S05 Hooked-end 2.0 0.5 2.5
H-HO05S10 Hooked-end 0.5 1.0 1.5
H-H10S10 Hooked-end 1.0 1.0 2.0
H-H15S10 Hooked-end 1.5 1.0 2.5
H-HO05S15 Hooked-end 0.5 1.5 2.0
H-H10S15 Hooked-end 1.0 1.5 2.5
H-H05S20 Hooked-end 0.5 2.0 2.5

on, 9s—Volume fractions of hooked-end and straight steel fiber; p—Total
volume fraction of steel fibers. The designation of S-HO5S10 represents a
sample with a single hooked-end steel fiber embedded in a UHPC cubic
specimen reinforced by hybrid fibers, 0.5% of straight fibers and 1.0% of
hooked-end fibers for pullout tests.

(a) Specimen of UHPC

(b) Detail drawing

K2 UHPC ik fF M TSR
Fig. 2 Internal morphology of UHPC specimen
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Table4 Compressive strength of UHPC cubic specimens

Type of UHPC specimen on/% 0% o/% o./MPa
With a slotted 0 0 0 112.7
Intact 0 0 0 113.1

o—Compressive strength of UHPC cubic specimens.
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the load—slip curves for the hooked-end steel fibers
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Table5 Seel fiber pullout test results

Sample Smax/MMm Fax/N Wy/(N-mm)
S-H00S00 0.05 2431 93.86
S-H00S05 0.27 28.71 128.84
S-H00S10 0.29 32.49 137.64
S-HO00S15 0.45 4534 167.21
S-H00S20 0.28 45.69 163.40
S-H00S25 0.17 44.72 142.85
S-H05S05 0.20 30.78 134.04
S-HO05S10 0.42 47.85 185.01
S-HO5S15 0.35 54.89 228.56
S-H05S20 0.32 51.92 221.17
S-H10S05 0.30 44.10 184.99
S-H10S10 0.39 56.50 208.41
S-H10S15 0.32 41.70 143.42
S-H15S05 0.38 45.82 175.71
S-H15S10 0.27 49.82 197.88
S-H20S05 0.38 37.65 159.16
H-H00S00 0.48 131.91 386.65
H-H05S00 0.55 145.93 513.29
H-H10S00 0.56 170.15 590.50
H-H15S00 0.65 159.20 601.35
H-H20S00 0.57 158.07 510.98
H-H25S00 0.63 140.39 480.74
H-H05S05 0.68 156.17 539.63
H-H05S10 0.56 161.11 590.07
H-HO05S15 0.55 150.30 528.49
H-H05S20 0.51 145.73 483.58
H-H10S05 0.62 152.48 539.46
H-H10S10 0.60 173.19 582.53
H-H10S15 0.44 154.41 512.41
H-H15S05 0.46 150.49 546.63
H-H15S10 0.67 158.03 512.86
H-H20S05 0.50 143.96 492.22

Smax 18 the displacement corresponding to the peak pullout load Fia; Wy is

the fiber pullout energy.
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Fig 9 Effects of volume fraction of steel fiber on the load—slip
curves of straight steel fibers
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Table6 Fitting parametersand fitting errors

s1/ Fo! S'mad  Flomad 82/ Fyol 53/ Fys/ s/ Fpd sl Fpsl o sl Fpel /4%
Sample & &

mm N mm N mm N mm N mm N mm N mm N (N'mm)
S-HO5S10  0.04 3891 0.21 4629 492 22.08 6.40 0.53 185.77  3.3% 0.4%
S-H10S10  0.06 4531 0.23 58.00 549 1627 6.00 5.41 211.00  2.7% 1.2%
H-HO05S10 021 12743  0.52 173.79 144 129.18 231 129.18 3.55 69.52 532 69.52 6.55 7.14 60521 7.9% 2.6%
H-H10S10  0.17 12022 0.54 179.80 1.58 102.09 2.54 102.09 3.67 8379 4.68 8379 6.21 1391 57479 3.8% 1.3%

W's—Pullout energy obtained by fitting; ;—Fitting error of pullout peak load; e;—Fitting error of pullout energy.
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