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Nonlinear Analysis of Nuclear Reinforced Concrete Containment
Structures under Accidental Thermal Load and Pressure
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Abstract

Nonlinear anlaysis of RC containment sturcture under thermal load and pressure is presented
to trace the behaviour after an assumed LOCA. The temperature distribution varying with time
through the wall thickness is determined by transient finite element analysis with the two time
level scheme in time domain. The layered shell finite elements are used to represent the contain-
ment stuctures in nuclear power plants. Both geometric and material nonlinearities are taken into
account in the finite element formulation. The constitutive relation of concrete is modeled according
to Drucker-Prager yield criteria in compression. Tension stiffening model is used to represent the
tensile behaviour of concrete including bond effect. The reinforcing bars are modeled by smeared
layer at the location of reinforcements accounting elasto-plastic axial behaviors. The steel liner
model under Von Mises vield criteria is adopted to represent elastic-perfect plastic behaviour. Geo-
metric nonlinearity is formulated to consider the large displacement effect. Thermal stress compone-
nts are determined by the initial strain concept during each time step. The temperature differential
between any two consecutive time steps is considered as a load incremental. The numerical results
from this study reveal that nonlinear temperature gradient based on transient thermal analysis
will produces excessive large displacement. Nonlinear behavior of containment structures up to
ultimate stage can be traced reallistically. The present study allows more realistic analysis of concrete
containment structures in nuclear power plants.
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Fig. 6. F.E. Model of RC containment.
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