Static and Dynamic Analysis of Reinforced Concrete Axisymmetric
Shell on an Elastic Foundation

- With Application to the Nuclear Reinforced Concrete Containment Structures -
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Summary

This is a basic study for the static and dynamic analysis on the elasto-plastic and
elasto-viscoplastic of an axi-symmetric shell. The objective of this study was to investi-
gate the mechanical characteristics of a nuclear reinforced concrete containment struc-
ture, which was selected as a model, by a numerical analysis using a finite element meth-
od. The structure was modeled with discrete ring elements of 8-noded isoparametric ele- ‘
ment rotating against the symmetrical axis, and the interaction between the foundation
and the structure was modeled by Winkler’s model. Also, the meridional tendon was mod-
eled with 2-node truss elements, and the hoop tendon was done with point elements in
two degrees of freedom. The  effect of the tendon was considered without the
increasement in total degree of freedom as the stiffness matrix of modeled tendon ele-
ments was assembled on the stiffness matrix of ring elements linked with the tendon.

The results obtained from the analysis of an example were summarized as follows :

1. The stresses in the hoop direction on the interior and exterior surfaces of the struc-
ture were shown in changes of similar trend, and high stresses appeared on the structure
wall

2. The stresses in the meridional direction on the interior and exterior surfaces were
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shown in changes of different trend. Especially, the stresses at the junctions between the

dome and the wall and between the wall and the bottom plate of the structure were very

high, compared with those at other parts of the structure.

3. The stress changes in the direction of thickness on the crown of the dome were

much linearly distributed. However, as the amount of tendon increased, the stresses in

the upper and lower parts of the wall established with the tendon were shown stress con-

centration.

4. The stress changes in the direction of thickness on the center of the structure wall

was linearly distributed in the all cases, and special stress change due to the use of the

tendon was not shown.
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(a)
Fig. 3. Winkler axisymmetric joint element
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Fig. 6. Stresses and strains of hoop tendon
element
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Fig. 7-a. Model structures for example
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Table-1. Material properties and internal
pressure
gagle @A AF| Ec=2,600,000t/m?
Folg vl | py=0.167
2} % | w=2.5t/m?

2zt £ U 9} | p=200t/m-rad

HMAFRE BAH6, 17)9 A9 a]l,_z,-}
o ¥ Table-2 @ Table-33} Zc},

Table-2. Radial deflection in model struc-
tures

unit:m

A7ledyd 1A

Height s
from bottom present ¢
(m) theory [SAPV-2| ADINA

7.0 0.0234 | 0.0213 | 0.0226 | 0.0214

6.0 0.0194 | 0.0169 | 0.0187 | 0.0178

5.0 0.0145 | 0.0118 | 0.0139 | 0.0133
4.0 0.0090 | 0.0065 | 0.0086 | 0.0084
3.5 0.0064 | 0.0040 | 0.0060 | 0.0057

3.0 0.0039 | 0.0020 | 0.0036 | 0.0036

- 2.0 0.0005 | 0.0005 | 0.0017 | 0.0017

study

Table-3. Hoop-stresses in model structures

unit : t/m?
Height [ | ®d71¢a79 nax

from bottom| i
(my | SM9Y | theory [SAPV-2{ ADINA
2600 | 4044 | 3995 | 4041 | 4045
2400 | 3972 | 3994 | 4040 | 4057
6.50 | 2849 | 2714 | 2863 | 2711
550 | 2350 | 2125 | 2332 | 2231
450 | 1747 | 1492 | 1750 | 1687
3.75 | 1309 | 1050 | 1324 | 1292
2.75 871 | 640 | 893 | 891
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