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Nonlinear analysis model and application of RC U-shaped thin-walled
members under pure torsion
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Abstract: To analyze the nonlinear mechanical behavior of concrete U-shaped thin-walled beams under pure
torsion, a nonlinear analysis model was suggested based on Vlasov’ s elastic theory for open thin-walled beams,
space truss model and numerical method of differential equation. Aiming at the character that Saint Venant torsion
and warping torsion coexist in open thin-walled members, the nonlinear analysis models of the Saint Venant torsion
stiffness and warping torsion stiffness of U-shaped cross-section were respectively derived, and nonlinear analysis
model of open thin-walled members in pure torsion was derived. The nonlinear material constitutive laws of concrete
and steel bars, the geometric nonlinearity of open thin-walled members, and the coupling effect of Saint Venant
torsion and warping torsion were considered in the derived nonlinear analysis model. The corresponding analysis
program was developed by using the derived nonlinear analysis mode under pure torsion. And 5 existing RC U-
shaped thin-walled experimental members under pure torsion were analyzed with the derived nonlinear analysis
model. Nonlinear analysis results correspond well with the experimental data. Analysis results confirm that the
nonlinear analysis model derived here is correct. The derived nonlinear analysis model is simple and precise, the
torsion nonlinear responses of concrete U-shaped thin-walled beam can be analyzed by the derived nonlinear
analysis model, and it will provide a technical reference for the engineering design of such concrete members.
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Tab.1 Material parameters of test specimens
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MPa  d/mm  f/MPa  d/mm  f,/MPa
TWB-A 40 8.0 353 6.0 248
TWB-B 41 8.0 353 6.0 248
TWB-C 52 15.9\6.4  348\362 6.4 362
TWB-D 50 10.0 576 6.0 288
TWB-E 51 10.0 576 6.0 288
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Fig.15 Testing and analysis curves of torque—rotation
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Tab.2  Comparison of feature loads
I BT 2 PR FiT 2R EN i EE e BR 7R 2
S To/  Tes/ To/ T/ T/ Tt/ To/  Tes/
Lo AE [IA(:) L AE L AE
(kN +m) (kN +:m) (kN +m) (kN +m) (kN +m) (kN +m) (kN +m) (kN +m)
TWB-A 17.29 19.13 0.904 56.00 37.73 1.484 85.00 87.90 0.967 147.0 143.1 1.027
TWB-B 19.30 19.13 1.009 36.00 37.73 0.954 90.00 87.90 1.023 151.0 143.1 1.055
TWB-C 23.00 21.12 1.089 39.00 36.64 1.064 191.0 183.8 1.039 266.0 260.9 1.020
TWB-D 20.00 20.88 0.958 36.00 38.35 0.938 94,34 103.3 0.913 207.8 204.4 1.017
TWB-E 22.00 20.88 1.054 32.00 38.35 0.834 98.20 103.3 0.950 199.7 204.4 0.977
. tressed concrete members under combined loading [ J]. Journal of
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