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Failure Analysis of RC Cylindrical Structures
using Layered Shell Element with a Pressure Node
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Abstract

The so-called pressure node has a single degree of freedom, namely, the uniform change of pressure
on finite elements. With pressure-node formulation, one can control the change in volume enclosed by
the cylindrical structures and determine required change in pressure. In this study, in order to develop
a volume-control failure analysis technique of RC cylindrical structures, the pressure node is added
into a layered shell element utilizing in-plane constitutive models of reinforced concrete and layered
formulation. By the so—called volume-control method, softening post—-peak behavior after maximum
pressure of reinforced concrete cylindrical structures can be obtained. For the verification of the
technique in this paper, the failure analyses for concrete cylindrical structures are carried out and
numerical results are compared with experimental data and other analysis results. Results show that

the techniques in this paper can be applied to the failure analysis of concrete cylindrical structures like
nuclear containment vessels.

Keywords : pressure node, layered shell element, RC cylindrical structures, volume-control method, failure
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Fig. 1 In-plane constitutive modeling for reinforced concrete
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Fig. 3 Behavior of steel pipe
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(c) post-peak pressure

(a) pressure 2.23kgf/cr (b) peak pressure 3.39
3.19 kef/cr (IV)

(m) kef/cnt ()
Fig. 7 Crack status of RC vessel at outer layer

9 kef/cn(IV)

—

(a) peak pressure 3.39 kef/cr(10D) (b) post-peak pressure 3.

Fig. 8 Crack status of RC vessel at inner layer

(d) step IV

(b) step I (c) step M
Fig. 9 Deformation of RC vessel at each step
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Fig. 12 Deformation of RC pipe at each step
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(a) pressure 1 57kgf/cm?

(b) pressure 1.92kgf/cm?

(c) pressure 2.05kgf/cm”

Fig. 13 Crack status of RC pipe at different pressure level
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