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Development of Reinforced Concrete Shell Element
with Drilling Rotational Stiffness
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ABSTRACT

In this paper. a nonlinear finite element procedure is presented for the analysis of
reinforced concrete shell structures. The 4-node quadrilateral flat shell finite element with
drilling rotational stiffness is developed. The layered approach is used to discretize
behavior of concrete and reinforcement through the thickness. Material nonlinearity is
taken into account by comprising tensile, compressive and shear models of cracked
concrete and a model of reinforcing steel. The smeared crack approach is incorporated.
The steel reinforcement is assumed to be in a uniaxial stress state and to be a smeared
in a layer. The proposed numerical method for nonlinear analysis of reinforced concrete
shells will be verified by comparison with reliable experimental results.
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a) Plane Membrane Actions and Deformations
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b) Bending Actions and Deformations

Fig. 1 A flat shell element subjected to plane membrane and
bending action
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Fig. 2 Physical interpretation of the drilling degree of
freedom.
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Fig. 3 Shell element
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Table 1

University of Toronto slab specimens

(15

Concrete Reinforcement Applied®
Specimen [\ ba) | 0 (egrees) | 0x B | Fu (MPa) | o, 000 | £, (MPa) | L0208
1- 2.
SM1 47 0 1.25 425 0.42 430 1:0:0
SM2 62 0 1.25 425 0.42 430 0.25m:0:1
SM3 56 0 1.25 425 0.42 430 3.2:1:0
SM4 64 45 1.32 425 0.44 430 0.25m:0:1
? Per layer " See Figs. 4 to 8
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