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Shear strength model including the effects of deformation for the

circular reinforced concrete columns
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Abstract: Accurate calculation of shear strength of reinforced concrete (RC) circular columns plays a key
role in the ductile seismic design, which can effectively prevent the occurrence of brittle shear and flexure-
shear failure. Based on the existing quasi-static test results of RC circular columns, the seismic failure
modes and the method for determining the shear strength capacity of RC circular columns are analyzed. On
the basis of theoretical analysis, a shear strength model of RC circular column considering the effects of
inelastic deformation (displacement ductility) is proposed and compared with the existing model. The
results show that the shear strength capacity of RC circular columns decreases with the increase of

deformation in the plastic hinge region under seismic loading. The shear strength capacity of flexural-shear
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failure columns depends on the lateral load corresponding to the shear failure point of the plastic hinge
region rather than peak lateral load of the skeleton curve. The proposed model is able to effectively reflect
the effects of deformation on the shear strength capacity of RC circular columns. And the results are in
good agreement with the experimental data and can be used to predict the shear strength capacity of RC
circular columns with different failure modes under seismic excitations.

Keywords: reinforced concrete circular column; flexure-shear failure; shear capacity; displacement ductility
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Fig.1 Determination of seismic failure modes of RC circular columns
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Fig.2 Relations between stiffness ratios and displacement ductility of

RC circular columns with different failure modes
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failure RC circular columns
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Table.1 Main parameters and failure modes of RC circular columns

N d/ a/ fe/ os/ v/ o/ Sw/ . A/ v./ b)ﬂzﬂ
mm mm MPa % MPa % MPa mm kN L

Ang et al.No.8 400 800 28.7 3.20 448 1.02 372 0.20 43.80 378.6 e
Ang et al.No.10 400 800 31.2 3.20 448 1.02 332 0.20 41.70  384.1 255
Ang et al.No.12 400 600 28.6 3.20 436 1.02 328 0.10 31.50 319.6 Eo: 1)
Ang et al.No.13 400 800 36.2 3.20 436 1.02 326 0.10 51.70  272.4 25 By
Ang et al.No.14 400 800 33.7 3.24 424 0.51 326 0.00 34.80  273.7 25 By
Ang et al.No.15 400 800 34.8 1.92 436 0.51 326 0.00 39.10  204.4 NI
Ang et al.No.17 400 1000 34.3 3.20 436 0.51 326 0.10 36.55  170.1 oy
Ang et al.No.23 400 800 32.3 3.20 436 0.76 332 0.00 32.60  323.0 58y
Ang et al.No.24 400 800 33.1 3.20 436 0.77 310 0.00 32.28  335.1 a5 By
Nelson.Coll 508 1524 56.2 0.99 470 0.13 455 0.13 52.70  256.7 G
Nelson.Col3 508 1524 57.0 0.99 470 0.13 455 0.10 56.90  215.2 25 By
Benzoni.CS1 460 910 29.3 2.50 462.0 0.32 369.0 0.35 16.88  393.0 258y
Benzoni.CS3 460 910 37.0 2.50 462.0 0.32 369.0 0.35 18.60  360.0 25 By
Verma et al.1 609.6 1219 31.0 2.53 324.1 0.17 358.5 0.06 13.50  540.8 25 By
Verma et al.3 609.6 1219 34.5 2.53 324.1 0.17 324.1 0.20 16.80  723.6 oy
Ang et al.No.4 400 800 30.6 3.20 436 0.51 316 0.00 13.4 289.2 B4
Ang et al.No.6 400 600 30.1 3.20 436 0.51 328 0.00 10.2 391.7 )
Ang et al.No.7 400 800 29.5 3.20 448 0.38 372 0.00 12.0 280.7 ELE7)|
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gk
- d/ a/ fe/ os/ v/ ov/ Sw/ . A/ V./ e IR
mm mm MPa % MPa % MPa mm kN [y
Ang et al.No.16 400 800 33.4 3.20 436 0.51 326 0.10 12.1 352.3 IR
Ang et al.No.18 400 600 35.0 3.20 436 0.51 326 0.10 14.2 504.8 oRvll
Ang et al.No.19 400 600 34.4 3.20 436 0.38 326 0.10 27.0 437.5 L]
Ang et al.No.20 400 700 36.7 3.20 482 0.38 326 0.17 12.5 486.6 oRvll
Ang et al.No.21 400 800 33.20 3.20 436 0.38 326 0.00 10.6 270.5 554
Ang et al.No.22 400 800 30.9 3.20 436 0.39 310 0.00 11.5 284.8 Ligv|
Iwasaki.P-30 564 1000 39.8 2.13 324.5 0.10 259.6 0.00 6.70 387.8 IRvll

McDaniel.S1-2 609.6 1219 26.8 1.36 454.0 0.13 200.0 0.00 7.74 331.1 54
McDaniel.S2 609.6 1219 31.2 1.36 437.6 0.13 200.0 0.00 8.22 326.3 574
Verma et al.5 609.6 1219 35.9 2.53 468.9 0.17 324.1 0.06 8.79 640.0 55 4]

Verma et al.7 609.6 914.4 30.7 2.53 468.9 0.17 324.1 0.06 5.86 781.0 374
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Table 2 Comparisons of shear strength models of RC circular columns
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Fig.4 Comparisons between experimental and predicted results for shear strength of RC circular columns
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Fig.5 Comparisons between hysteretic curves and shear strength

envelopes of flexure-shear and shear critical RC circular columns
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Fig.6 Proposed shear strength model of RC circular columns
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Fig.7 Comparisons of predicted displacement ductility of flexure-shear critical RC critical columns
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