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Table 1 Factors and levels table

" A ALt B4 £F CREML D SR & 4 E /K3 5377 F % ) 53 A7
R/ % E g YRR/ N KEL HHL AR/ % MBI/ %
K1 0.5 i 4 TE 0. 055 30 0 0
KA 2 Lo WsE 0.110 50 0.581 0.581
K- 3 1.5 0.165 70 0.872 0.872
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Table 2 Mechanical properties of steel bar

WA L B A2/ mm JERIRSE o,/ MPa B B3 0, /MPa B fih 22/ 05
¢ 18 18.5 370 550 27
$ 10 10. 4 300 395 26
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Table 3 Parameters of test specimens and test results
S AMAY BYHFLE CERAERKES DWYLHFE ERTHH  FRWSAH W EIRAIEIE Ty S
HRE/ % 3] BERE/%  KEL  HRHER/ N HEHGE/Y% (Vi /bho) /MPa
BF3—1—1 1(0.5) 1GELE)  1€0.055) 3(70) 2(0.872) 2(0.872) 4918 3.63
BF1—2—1 2(1.0) 1GELE)  1€0.055) 1(30) 1¢0) 1(0 4918 3,44
BF2—3—1 3(1.5)  1(E8H>  1(0.055) 2(50) 3€0.581) 3(0.581) 4¢18 4,75
BF2—1—2 1(0.5) 1GEgE)  2€0.110) 2(50) 2(0.872) 1(0 4418 4, 38
BF3—2—2 2(1.0) LGEgE)  2(0.110) 3(70) 1(0) 3(0.581) 4918 4.50
BF1—3—2 3(1.5) LGEgE)  2(0.110) 1(30) 3(0.581) 2(0.872) 4¢18 4,25
BF1—1—3 1(0.5) LGE8E)  3(0.165) 1(30) 1(0) 3(0.581) 418 2. 88
BF2—2—3 2(1.0 1GELE)  3(0.165) 2(50) 3(0.581) 2(0.872) 4418 5. 00
BF3—3—3 3(1.5) 1GELE)  3(0.165) 3(7T0) 2(0.872) 1(0) 418 4,06
DF1—1—1 1€0.5)  2G#H##E)  1(0.055) 1(30) 3(0.581) 1¢0) 4918 2,88
DF2—2—1 2(1.0)  2CH#&H)  1(0.055) 2(50) 2(0.872) 3(0.581) 4¢18 2,50
DF3—3—1 3(L.5)  2C##&E)  1(0.055) 3(70) ()] 2(0.872) 4918 3.63
DF3—1—2 1(0.5) 2054TE)  2(0.110) 3(70) 3(0.581) 3(0.581) 4918 3.25
DF1—2—2 2(1.®) 2054TE)  2(0.110) 1(30) 2(0.872) 2(0.872) 418 4,13
DF2—3—2 3(1.5)  2C#&®E)  200.110) 2(50) 10 1 418 4. 38
DF2—1—3 1€0.5)  2GH#%E)  3(0.165) 2(50) 1(» 2(0.872) 4918 4,06
DF3—2—3 2(1.0)  2CH#&H)  3(0.165) 3(70) 3(0.581) 1¢0) 4118 3.25
DF1—3—3 3(1.5) 20w 3(0.165) 1(30) 2(0.872) 3(0.581) 4¢18 3.13
c—1 0 0 0.581 0.872 4418 2,72
C—2 0 0 0 0 418 3.25
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Table 4 Intuitive analysis of diagonal cracking strength

N DUREGHEZR ) >CRN R AR HRFE)>B
N 45N E) > AN A 4E R FR ) > E OKSE 2 4
R 5 T 5 ) > F R [ 4 7 R A3 T A )

EiEan A# K, K, K K, K, K wER HHEMER
ACREFHERTRZ) 21.09  22.83  24.20 3.51 3.81 4,04 0.53 0.68
BUREF 458D 36.89  33.71 4,10 3.75 0.35 0.75
CORMTMAEME) 20,84 24,90 22,40 3. 48 4,16 3.74 0. 68 0. 87
DURLEKEZL 20,71 25,07 22,32 3,45 4,18 3.72 0.73 0.93
ECGK 349 i 1 7 3 22.89  21.83  21.02 3.81 3.65 3.51 0. 30 0. 38
F (Y% o] 5 55 TG A7 40 22.40  23.46  22.28 3.74 3.92 3.72 0. 20 0. 25
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Fig.1 Effect of the volume fraction of steel fiber

on diagonal cracking strength
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Fig. 2 Effect of types of steel fiber on diagonal

cracking strength
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Fig.3 Effect of the aspect ratio of steel fiber on

diagonal cracking strength
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Fig. 4 Effect of the volume fraction of polypropylene
fiber on diagonal cracking strength
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Fig. 5 Effect of the ratio of web horizontal

reinforcement on diagonal cracking strength
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Calculation method for diagonal section crack resistance of hybrid
fiber reinforced high performance concrete deep beams

LIU Sheng-bing' , XU Li-hua®
(1. School of Environment and Civil Engineering , Wuhan Institute of Technology, Wuhan 430074, China;
2. School of Civil Engineering, Wuhan University, Wuhan 430072, China)

Abstract; In order to study diagonal section crack resistance of hybrid fiber reinforced high performance
concrete (HPC)deep beams, 18 different groups of deep beams with steel fiber and polypropylene fiber
and 2 groups HPC deep beams without fiber were made according to orthogonal test method. The
effects of 6 factors on diagonal section crack resistance of HPC deep beams were explored through the
shear tests under dead load. The contributory factors such as the characteristic parameters of steel fiber
(types, volume fraction, aspect ratio), the volume fraction of polypropylene fiber, the ratio of web
horizontal reinforcement and the ratio of web vertical reinforcement were compared by direct-viewing
analysis of the orthogonal experiment. The results show that hybrid fiber can be used to greatly
increase the diagonal section crack resistance of HPC deep beams. The diagonal section crack resistance
of HPC deep beams without web reinforcement is increased by 34. 9% while diagonal section crack
resistance of HPC deep beams with web reinforcement is increased by 83. 8%. Based on current code, a
formula for calculating the diagonal section crack resistance of hybrid fiber reinforced HPC deep beams
is proposed coordinating with steel fiber reinforced concrete deep beams, which can be taken as a
reference in engineering design.
Key words: hybrid fiber; orthogonal test method; shear test; diagonal cracking strength; calculation formula
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