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MPa. 5 £F 2 % FH = i B OL6/. 25 R 54N £F 4k,
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o 24 HH008 B =2 000 MPa, £F 41K WL 3. &
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Fig. 3 Fiber geometry shape used in the test
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Mix proportions and 28 d cube compressive strength of high strength concrete and

hybrid-steel fiber reinforced high-strength concrete

SRR o/ (kg *+ m™%) Lzs RIAELN
7K e 7K Ly faTr WK B IR K RC-65/35-BN  OL6/.25 LR/ MPa
HSC1-65 505.0 195 630.0 1 030.0 8.475 60 54,14
HSCF1-65  505.0 195 630.0 1 030.0 8.475 60 78 67. 89
HSCF2-65  505.0 195 630.0 1030.0 8.475 60 78 39 69.55
HSC2-65 423.0 150 670.0 1070.0  10.580 68 38.0 92.16
HSCF2-2-65  423.0 150  670.0 1070.0  10.580 68 38.0 78 80. 51
HSC3-65 552.4 140 443.3  1166.7  21.000 84 63.6 86. 63
HSCF3-65  552.4 140 443.3  1166.7  21.000 84 63. 6 78 101.79
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Fig. 4 Sketch of wedge splitting loading device
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Tab. 2 Fracture parameters comparisons for high strength concrete and hybrid-steel fiber reinforced high-strength concrete

e P/ P/ P/ a./  CMOD./ K2/ K/ K@)/ K@/ Kpl) Gi/
kN kN P mm mm MPam!?  MPam!/?  MPam!?  MPam!? K (2) (N+«m™1)
HSC1-65-1 0. 833 93.54  0.073 3. 020 2. 634 (102. 290)
HSC1-65-2 0.846  1.086  0.779  92.55  0.095 . 212 0. 902 3.580 3.115 350. 557
HSC1-65-3 0. 646 101.70  0.107 3.785 3.218 411. 300
¥ H 3.462 2. 989 0.863  380.930
HSCF1-65-6 0.976  0.976  0.999  95.28  0.097 . 360 1.011 3.712 3.245 1 456.530
HSCF1-65-7 1.104  1.104  1.000  94.37  0.103 . 503 1.119 3.937 3. 440 1.881.990
HSCF1-65-9 1.081 97.02  0.122 4.393 3. 840 1 .935.210
T 3. 655 3.193 0.874 1 296. 630
HSCF2-65-2 0. 948 103.31  0.181 5.618 4. 684 1 434. 833
HSCF2-65-4 1.026 94.86  0.099 3.791 3.313 1 690. 444
HSCF2-65-5 1.078  1.180  0.913  99.37  0.160 474 1.097 5.343 4. 626 1 486.203
¥ 4.917 4. 208 0.856 1 537.160
HSC2-65-2  0.836  0.923  0.905  94.22  0.083 . 200 0.893 3.378 2.951 (297.710)
HSC2-65-3 0.926 95.43  0.080 3.583 3.132 117. 907
HSC2-65-5 0.615 99.74  0.074 3.263 2. 819 129. 777
- E 3.573 3.114 0.872  123.840
HSCF2-2-65-4 1.088 101.12  0.143 5.505 4. 706 1394, 614
HSCF2-2-65-3 1.063 94.31  0.083 3. 806 3.324 1321. 348
HSCF2-2-65-9 1.225 97.39  0.119 4. 967 4. 334 1283.156
T 4.713 4. 049 0.859 1 333.040
HSC3-65-1 0.582 94.60  0.046 2.419 2.113 619. 637
HSC3-65-2  0.862  1.209  0.712  97.58  0.137 1.230 0.915 4.961 4.327 457. 349
HSC3-65-4 1.030 94.82  0.083 3.795 3.317 525. 800
S B 3.542 3.093 0.873  534.260
HSCF3-65-2 1.067 94.70  0.083 3. 886 3.396 1018.155
HSCF3-65-3 0. 964 102.37  0.137 5.373 4.534 1872.150
HSCF3-65-4 1.183 95.58  0.098 4.415 3. 860 1129.236
S B 4.829 4.122 0.854 1 339.850
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Study of fracture properties of hybrid-steel
fiber reinforced high-strength concrete

GAO Shu-ling”'*, XU Shi-lang’, YUAN Quan', CHEN Pei'

( 1.College of Civil Engineering, Hebei University of Technology, Tianjin 300401, China;
2.Civil Engineering Technology Research Center of Hebei Province, Tianjin 300401, China;

3. College of Civil Engineering and Architecture, Zhejiang University, Hangzhou 310058, China )

Abstract: The double-K fracture toughness and fracture energy of high-strength concrete and hybrid-
steel fiber reinforced high-strength concrete were calculated employing standard compacted tension
(CT) formula and wedge splitting (WS) formula by wedge splitting test. By comparing two formulas,
it is found that the unstable fracture toughness calculated by CT formula is 0. 85 to 0. 87 times of that
calculated by WS formula, and adopting standard CT specimen can gain the exact test results by WS
test with the specimen satisfying the size requirement for CT. The influences of fiber type, fiber
length and fiber volume ratio on reinforced effect to concrete were analyzed. With the strength
increasing, the fracture toughness and fracture energy both increase. In addition, it is proposed that
the double-K fracture toughness is better to be used as the ductility evaluation criterion of high-
strength concrete and fracture energy is better to be used as the ductility evaluation criterion of hybrid-

steel fiber reinforced high-strength concrete.

Key words: hybrid-steel fiber reinforced high-strength concrete; initial fracture toughness; compacted

tension; wedge splitting; unstable fracture toughness



