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Nonlinear Analysis of RC Shell Structures
Including Creep and Shrinkage Effects
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Abstract

In this study, a numerical method for the material nonlinear analysis of reinforced concrete
shell structures including the time dependent effects due to creep and shrinkage is developed.
Degenerate shell elements with the layered approach are used. The perfect or strain hardening
plasticity model in compression and the linearly elastic model in tension until cracking for con-
crete are employed. The reinforcing bars are considered as a steel layer of equivalent thickness.
Each steel layer has an uniaxial behaviour resisting only the axial force in the bar direction, A
bilinear idealization is adopted to model elasto-plastic stress-strain relationships. For the
nonlinear anaysis, incremental load method combined with unbalanced load iterations for each
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load increment is used. To include time dependent effects of concrete, time domain is divided
into several time steps which may have different length. Some numerical examples are
presented to study the validity and applicability of the present method. The results are
compared with experimental and numerical results obtained by other investigator.

Keywords : material nonlinear, reinforced concrete shell, plasticity, time dependent effects,
creep, shrinkage, degenerate shell element, layered approach.
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Fig. 1 Elastic, linear strain-hardening behaviour for steel
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Fig. 2 (a) Experimentat results of Kupfer et al. and present
study.
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Table 1 Properties of concrete and steel layers

Conc. | Ec=28.61 x10°kPa, f'.=3.79 x 10" kPa
vy=0.15, layer thickness==0.4445cm

Steel | E;=199.95 x10%Pa, f.=4.14 x 10* kPa
layer thickness=0.02794 cm
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Table 2 Load history for the slab analysis

14(DAY) 40(DAY) 60(DAY)
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