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ABSTRACT

The Mark I containment system of the Santa Marfa de Garofa nuclear
power plant is presently being evaluated for a specified set of severe
accident conditions. The goals are to establish a best estimate of the
containment structure pressure capacity and to identify the most likely

failure location.

As a first step, a "global" model of the drywell shell has been constructed
and analyzed with ABAQUS in order to obtain the overall response of
the structure and to produce boundary conditions for detail analyses.
This paper presents the way in which such a global analysis has been

carried out.
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INTRODUCTION

Following the recommendations given in CBI Na-Con (1987) and CBI
Na-Con (1988), Nuclenor S.A. is presently evaluating the containment
system of the Santa Marfa de Garona nuclear power plant (figures 1 and
2) for a specified set of severe accident conditions. The effect of the
postulated accident is an increasing history of internal pressures and
temperatures. The containment is a General Electric BWR pressure-

suppressive system, commonly called Mark I containment,

It was considered that a first estimate for the pressure capacity of the
structure would be given by its overall response to the accident loading.
Besides, from this overall response appropriate boundary conditions

could be taken as input for further detail analyses.

Thus, assuming that the responses from the drywell shell and the
suppression chamber shell are uncoupled (CBI Na-Con, 1987), the first
step was to construct and analyze a "global" model of the drywell shell, a

task which has been performed by Principia S.A.

The present paper describes the way in which that global anaiysis of the
drywell has been carried out using ABAQUS.

MODELLING ASSUMPTIONS

Even though during the modelling process many assumptions are made
in order to simplify the analysis, the goal is to model the structure as

realistically as possible. In this manner, each hypothesis is thought to
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produce an accurate (perhaps slightly conservative) representation of

the real structure.
The main assumptions are listed here:

a) Following the conclusions reached by CBI Na-Con in a similar
analysis (CBI Na-Con, 1987), the two main parts of the structure (i.e.
the drywell shell and the suppression chamber shell) are considered to
be uncoupled for the loads derived from the postulated accident.
Actually, the only connection between both parts are eight very soft
expansion bellows, one along each vent line. This hypothesis allows

studying the drywell and the suppression chamber separately.

b) Due to the cyclic symmetry only 1/16th of the drywell shell and

half a vent line neeed to be introduced into the model (figure 3).

¢) The weight of the structure and attachments is considered to be
negligible when compared with, the pressure forces produced by the

postulated accident.
d) The slow rate of loading allows disregarding dynamic effects.

e) The thermal loading is considered to be uniform across the

thicknesses of shells, i.e. no thru-thickness gradients are included.

f) The material between the drywell shell and the concrete shield
building wall is very soft and, hence, it is modelled as air. That is, the
space between the drywell shell and the wall is modelled as a uniform

50mm gap.
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g) The concrete shield building wall is represented as a rigid surface.

h) The steel is modelled as a material with bilinear stress-strain

behavior and temperature dependent mechanical properties.

i) The response of the sacrificial shield wall inside the drywell is taken

into account by means of equivalent stiffnesses obtained from linear

analyses.

) The drywell closure is assumed to be continuous across the
elevation of the closure flanges. No relative movements are allowed at

this junction.

LOADINGS
Two loadings are considered:

- internal pressure in the drywell and vent line

- uniform thermal loading of the containment structure.

Figures 4 and 5 show the internal pressure and temperature history

during the accident, starting from normal operating conditions.

ABAQUS MODEL

The 4.7 version of ABAQUS has been used for the analysis- (Hibbit,
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Karlsson and Sorensen, Inc., 1988).

The following paragraphs summarize the main features of the model.

Elements

The model incorporates seven types of elements:

- S8R5 shell elements for the drywell and vent line shell

- B32 beam elements for the shell stiffeners and the vent header

- B33 beam elements for the seismic stabilizers and vacuum breaker
line

- C1D2 truss elements for the vent header support and the sacrificial
shield wall equivalent representation

- SPRINGA spring elements for the sand transition region in the
lower part of the drywell shell

- IRS13 interface elements to model the interaction between the
shell and the concrete wall

- GAPUNI gap elements to introduce the gap between the shell and

the shield wall at the seismic stabilizer plates.

The model has a total of 964 elements and 5899 variables.

Materials

The material model used to represent the steel of the structure (shell,
stiffeners, vent header, ...) has been a temperature dependent bilinear
elastic-plastic model with a Von Mises yield surface and isotropic

hardening.

It is considered that the shell fails when the effective plastic strain

¥
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i
reaches 1% at the middle surface or 2% at inner or outer surface (CBI
Na-Con, 1987).

Constraint equations

The symmetry conditions along one of the extreme meridional planes of
the model are imposed by means of linear constraint equations
(EQUATION).

The mesh refinements on the shell are performed using the built-in
multipoint constraint capability of ABAQUS (MPC type 2) and the
connection between the part of the vent line modelled as a shell and the
part modelled as a beam is done using an special purpose multipoint
constraint (USER MPC).

Procedure

The analysis is carried out in two steps using the STATIC procedure of

ABAQUS with automatic load increment control.

In the first step the structure is taken from construction to operating

conditions and the accident loads are applied in the second step.

ANALYSIS RESULTS

The results of the analysis are summarized in figures 6 to 13. The
behavior of the structure is mainly linear up to 1.00MPa of internal
pressure. At this pressure the plastification of the spherical part of the

drywell starts and, almost immediately (1.05MPa), the cylindrical part
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also plastifies. The cylinder plastification is very sharp and several

attempts are required in order to achieve convergence at this stage.

When the internal pressure reaches 1.15MPa, the contact of the drywell
shell with the backing concrete is almost complete. At more or less this
pressure (1.18MPa) the gap at the seismic stabilizers plates closes; this
triggers the mechanism that will eventually produce failure of the shell

around those plates at 1.25MPa of internal pressure.

Figure 6 shows the deformed shape of the structure at 1.25MPa. High
radial displacements gradients are evident around the seismic stabilizer

plate.

Figures 7 to 9 give the radial displacement histories at several points of
the drywell shell. The sharp plastification of the cylinder can be noticed

in figure 8.

Finally, figures 10 to 13 present the contours of effective plastic strain at
1.25MPa around the seismic stabilizer plate and the history of that
strain at the middle surface of an element located there. Section point 1
corresponds to the inner surface of the shell and section point 5 to the

outer surface.

Figure 11 shows the failure area, which is located along the vertical edge

of the stabilizer plate.
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CONCLUDING REMARKS

Apart from other considerations related to the pressure capacity of the
analyzed structure, the main conclusion is that ABAQUS has proved to
be a very efficient tool for carrying out this severe accident analysis.
The failure conditions were encountered without serious convergence
problems and the complete computation (30 load increments, 3
iterations per increment as a mean) took a reasonable amount of
computer resources (about Shrs of CPU time in a CONVEX C-120

machine).
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Proyecto CUC - Analisis Global Drywell
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