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Effect of Stirrups Spacing on Shear Failure and Size Effect of RC Bseams
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(The key laboratory of Urban Security and Disaster Engineering, Beijing University of Technology, Beijing 100124, China)

Abstract: Stirrup spacing has an important influence on the crack development and shear ductility of
reinforced concrete (RC) beams, but its influence on shear strength and size effect is seldom studied.
A mechanical analysis model for shear failure of RC beams was established by using 3D meso-scale nu-
merical simulation method. The mechanism and regularity of the influence of stirrup spacing and stir-
rup ratio on shear failure and size effect of RC beams were studied. The influence of stirrup spacing on
shear ductility and size effect of RC beams was emphatically analyzed. The results showed that the stir-
rup spacing has little effect on the shear failure mode and shear strength, mainly on the shear ductility
of RC beams; reducing the stirrup spacing can effectively restrain the brittle behavior of beams; stir-
rups increase the shear capacity of beams while weakening the size effect of shear strength. In addi-
tion, the simulation results were compared with the theoretical formula of shear strength size effect,
which verified the applicability and accuracy of the proposed formula.
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Fig.1 Three-dimensional meso-scale numerical model
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Table 1 Geometrical parameters of the RC cantilever beam
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(mm X mm) 0./ % s/mm A,,/mm mm o/ %
CB-S-1-04 100X 200 0.4 30 6 170 2 1.0
CB-S-11-0.4 100X 200 0.4 60 12 170 2 1.0
CB-S-11-0.4 100X 200 0.4 90 18 170 2 1.0
CB-S-IV-0.4 100X 200 0.4 120 24 170 2 1.0
CB-M-1-04 200400 0.4 30 12 370 2 1.0
CB-M-11-0.4 200400 0.4 60 24 370 2 1.0
CB-M-1l[-0.4 200400 0.4 90 36 370 2 1.0
CB-M-IV-0.4 200400 0.4 120 48 370 2 1.0
CB-L-1-0.4 400X 800 0.4 30 24 760 2 1.0
CB-L-11-0.4 400X 800 0.4 60 48 760 2 1.0
CB-L-1[-0.4 400X 800 0.4 90 72 760 2 1.0
CB-L-IV-0.4 400X 800 0.4 120 96 760 2 1.0
CB-U-IV-0.4 800X 1 600 0.4 30 48 1550 2 1.0
CB-U-IV-0.4 800X 1 600 0.4 60 96 1550 2 1.0
CB-U-IV-0.4 8001 600 0.4 90 144 1550 2 1.0
CB-U-IV-0.4 8001 600 0.4 120 192 1550 2 1.0
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Fig.3 Ultimate failure modes of the cantilever beams with different sizes and different stirrup spacings
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CB-S-1-0.4 30 1.35 4.24 3.14
CB-S-11-0.4 60 1.31 3.66 2.79
CB-S-1l1-0.4 90 1.28 3.47 2.71
CB-S-IV-0.4 120 1.22 2.73 2.24
CB-M-1-0.4 30 2.90 8.88 3.06
CB-M-11-0.4 60 2.86 7.02 2.45
CB-M-1I[-0.4 90 2.84 6.72 2.37
CB-M-IV-0.4 120 2.81 6.47 2.30
CBL-1-0.4 30 4.81 17.53 3.64
CB-L-11-0.4 60 5.15 14.57 2.83
CB-L-1[-0.4 90 4.96 12.77 2.57
CB-L-IV-0.4 120 4.98 11.03 2.21
CB-U-IV-0.4 30 11.1 32.1 2.89
CB-U-IV-0.4 60 124 31.5 2.54
CB-U-IV-0.4 90 12.8 30.1 2.35
CB-U-IV-0.4 120 12.9 27.8 2.16
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