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Experimental study on shear behavior of steel fiber-rubber/concrete

ZHAO Qiuhong™?, DONG Shuo', ZHU Han"*
(1. School of Civil Engineering, Tianjin University, Tianjin 300072, China; 2. Key Laboratory of Coastal Civil
Structure and Safety of China Ministry of Education, Tianjin University, Tianjin 300350, China)

Abstract: Shear strength and toughness are important indices for evaluating load-resisting capacity and energy ab-
sorption of members under complex loading conditions. In order to study the shear-resisting capacity of high-
strength steel fiber(SF)-rubber/concrete, 14 sets of SF-rubber/concrete specimens were designed for double-shear
experiments, in which influence of parameters including SF volume fraction, rubber volume substation and water
to binder ratio on the shear-resisting behavior and failure modes of SF-rubber/concrete were investigated. Re-
search results show that the bridging action of SF and its positive synergy with rubber particles in SF-rubber/con-
crete can significantly improve the shear-resisting behavior of concrete. SF play a dominant role in shear-resisting
behavior of SF-rubber/concrete specimens. The shear strength, deformation at peak load and shear toughness of SF-
rubber/concrete specimens are significantly higher than the plain concrete and rubberized concrete specimens,
which increase with the SF volume fraction, and the shear failure mode of SF-rubber/concrete is obviously ductile.
When the SF volume fraction is 1.5vol% and the rubber content (volume substitution of sand) is 10%, the shear
strength and deformation at peak load of SF-rubber/concrete specimens are 78% and 63% respectively, higher than
those of the rubber concrete. Rubber particles also help to improve the shear-resisting behavior of SE-rubber/con-

crete. The shear toughness and ductility of SF-rubber/concrete are further increased compared with SF reinforced
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concrete. With the increase of rubber content, the shear strength, peak deformation and pre-peak shear toughness

of SF-rubber/concrete can be unchanged after using the optimized water-binder ratio, while the post-peak tough-

ness index can be further increased by 96%. Based on the test results, shear strength formula of SF-rubber/concrete

was established considering the influence of SF volume fraction and rubber substitution.

Keywords: steel fiber-rubber/concrete; double shear test; steel fiber volume fraction; rubber particles volume

substation; shear-resisting capacity; shear toughness
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Table1 Mix proportion of test concrete

Water- Volume Volume - Mass fraction
. . . Lo Water/ Cement/ Fine aggre- Coarse aggre-
Type Specimen binder fraction of subsntunon. of kg ke gate/kg gate/kg of super
massratio steel fiber Vy/%  rubber particles p,/% plasticizer/%
PC R-0-F-0.0 0.340 0.0 0 160 470 820 960 1
R-10-F-0.0 0.340 0.0 10 160 470 738 960 1
Rubber/ R-10-F-0.0-OP 0.285 0.0 10 155 544 738 960 1
concrete  R-20-F-0.0 0.340 0.0 20 160 470 656 960 1
R-20-F-0.0-OP 0.245 0.0 20 145 593 656 960 1
R-0-F-0.5 0.340 0.5 0 160 470 820 960 1
SE/ R-0-F-1.0 0.340 1.0 0 160 470 820 960 1
concrete
R-0-F-1.5 0.340 1.5 0 160 470 820 960 1
R-10-F-0.5 0.340 0.5 10 160 470 738 960 1
R-10-F-1.0 0.340 1.0 10 160 470 738 960 1
SF-rubber/ R-10-F-1.0-OP 0.285 1.0 10 155 544 738 960 1
concrete  R-10-F-1.5 0.340 1.5 10 160 470 738 960 1
R-20-F-1.0 0.340 1.0 20 160 470 656 960 1
R-20-F-1.0-OP 0.245 1.0 20 145 593 656 960 1

Notes: PC—Plain concrete; In specimen denotation section, R—Rubber particles; R-0, R-10 and R-20—Rubber volume substitution ratios of 0%,
10% and 20%, respectively; F—Steel fiber, F-0.0, F-0.5, F-1.0, F-1.5—Steel fiber volume fraction ratios of 0vol%, 0.5vol%, 1.0vol% and 1.5vol%,

respectively; OP—Optimized water-binder ratio.
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Fig.1 Schematic diagram of double-shear test device
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Fig.3 Shear failure modes of steel fiber (SF)-rubber/concrete specimens with different mix ratios
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Fig. 4 Shearload-deformation curves of each group of SF-rubber/concrete specimens
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Table 2 SF-rubber/concrete specimens test results of shear strength and deformation at peak load

Specimen type Specimen feu/MPa fv/MPa Frnax /KN Ap/mm
PC R-0-F-0.0 68.70 8.03 160.67 0.702
R-10-F-0.0 58.47 6.76 135.28 0.599
Rubber/ R-10-F-0.0-OP 68.23 8.00 160.00 0.737
ubber/concrete R-20-F-0.0 46.50 5.53 110.69 0.529
R-20-F-0.0-OP 65.65 8.20 163.92 0.729
R-0-F-0.5 72.08 9.53 190.64 0.867
SF/concrete R-0-F-1.0 74.71 10.59 211.84 0.901
R-0-F-1.5 78.90 12.35 246.92 1.000
R-10-F-0.5 60.23 9.29 185.74 0.834
R-10-F-1.0 61.43 9.94 198.87 0.876
SF_rubber/ o R10-F-L0-0P 74.72 10.80 216.00 0.914
“rubber/concrete g 10-p-1.5 65.72 12.03 240.67 0.978
R-20-F-1.0 48.93 9.07 181.39 0.909
R-20-F-1.0-OP 70.56 10.27 205.36 0.882

Notes: f,,—Cube compressive strength; f,—Shear strength; F,,,,—Maximum shear load; 4,—Deformation at peak load.
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SF 15 5 1 384 Jin ifif BH . 34 i o X AR SF %) SF/IR
5t - o SF-AR U /1R B 4 1 By ) )¢ B &
FIVERT, HEoR T il

11 R AR KB LA AL i i, iR B =
X 44 e /1R B A F & SF 4B &l 1.0vol% fY SF-15
JE AR BE A B VIR bR e . R 3 A 11
AN, BEE R CB RN, B REE
R N R R R R e N T > &7 5 i)
20% I, AR /TR Bk 4321 09 A58 200D B B 5 SR
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Table 3 Toughness index evaluation pre-peak and post-peak load of shear
load-deformation curves of SF-rubber/concrete specimens

i /MP Ty/ foix/MPa Rpx/%
Type Specimen JealMPR /% (107:m™) Jor2 fors Jo20 Rpi12 Rp1s Rp2.0
PC R-0-F-0.0 3.66 0.70 2.57 - - - - - -
Rubber/concrete R-10-F-0.0 2.99 0.60 1.80 - - - - - -
R-10-F-0.0-OP 3.79 0.74 2.80 - - - - - -
R-20-F-0.0 2.41 0.53 1.28 - - - - - -
R-20-F-0.0-OP 3.60 0.73 2.62 - - - - - -
SF/concrete R-0-F-0.5 3.73 0.87 3.23 0.44 - - 4.64 - -
R-0-F-1.0 5.04 0.90 4.54 1.18 0.70 0.07 11.15 6.64 0.66
R-0-F-1.5 5.94 1.00 5.95 1.32 0.60 0.43 10.72 4.82 3.46
SE-rubber/concrete R-10-F-0.5 4.58 0.84 3.85 0.61 0.26 0.03 6.66 2.78 0.35
R-10-F-1.0 4.96 0.88 4.35 1.50 0.87 0.65 15.09 8.79 6.50
R-10-F-1.0-OP 5.23 0.91 4.78 1.63 0.91 0.68 15.06 8.46 6.26
R-10-F-1.5 5.65 0.98 5.52 1.39 1.05 0.60 11.54 8.73 4.94
R-20-F-1.0 4.68 0.91 4.26 1.35 1.13 0.79 14.93 12.47 8.70
R-20-F-1.0-OP 4.78 0.82 3.93 1.59 1.37 0.74 15.51 13.36 7.23

Notes: feq—Initial equivalent shear strength; f,, x—Equivalent residual shear strength; R, . —Residual shear toughness ratio.
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