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

- With Application to the Dynamic Response Analysis of Axisymmetric Shell -

ES A 7

Cho, Jin Goo

Summary

Dynamic loading of structures often causes excursions of stresses well into the inelastic
range and the influence of geometric changes on the dynamic response is also significant
in many cases. Therefore, both material and geometric nonlinearity effects should be con-
sidered in case that a dynamic load acts on the structure. For developing a program to
analyze the dynamic response of an axisymmetric shell in this study, the material
nonlinearity effect on the dynamic response was formulated by the elasto-viscoplastic
model highly corresponding to the real behavior of the material. Also, the geometrically
nonlinear behavior is taken into account using a total Lagrangian coordinate system, and
the equlibrium equation of motion was numerically solved by a central difference
scheme. A complete finite element program has been developed and the results obtained
by it are compared with those in the references 1 and 2. The results are in good agree-
ment with each other. As a case study of its application, the developed program was ap-
plied to a dynamic response analysis of a nuclear reinforced concrete containment struc-
ture. The results obtained from the numerical examples are summarized as follows :

1. The dynamic magnification factor of the displacement and the stress were unrelated

with the concrete strength.

2. As shown by the results that the displacement dynamic magnification factor were
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from 1.7 to 2.3 and the stress dynamic magnification factor from 1.8 to 2.5, the dynamic

magnification factor of stress were larger than that of displacement.

3. The dynamic magnification factor of stress on the exterior surface was larger than

that on the interior surface of the structure.
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Fig. 1. Two dimensional parabolic isoparam-
etric element
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Fig. 2. Typical 8-noded isoparametric ring
element
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Table- 1. The dimension and properties of

shell
Internal radius R;i=22.27in
Thickness of shell t=0.41in
Semi-angle a=26.67°
Elastic modulus E=10.5x 106 psi
Poisson’s ratio v=03

Yield stress 6,=0.024 x 108 psi
Tangent hardening mohulus | Er=0.21 x 108 psi
0=2.45x%10-* Ib-sec?/in*
p=600 psi

Mass density
Step distributed pressure

Fig. 4. Spherical shell and finite element mesh
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Fig.5. Time response of vertical displace-
ment at crown
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Fig. 6. Time response of vertical displace-
ment for concentrated load
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Table-2. Material properties

Conc’ Strength 0ok = 350kg/cm?| oo = 400kg/cm?
Internal pressure (200 t/m.rad.  |200 t/m.rad.
Elastic modulus 2.8%x108t/m? |3.0x106 t/m?2
Poisson’s ratio 0.202 0.216
Self-weight 2.5 t/m? 2.5 t/m3
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Fig. 13. Time response of hoop-stress at in-

terior surface of crown

500.0F

400.0

w
]
=3
o
T

stalic

v
=3
=
o
Y

Hoop-Stress(kg/cm?)

1000}

00 ot /
; : 3 V 5.0

Time in sec( x 107%)

~100.0}.

Fig. 14. Time response of hoop-stress at ex-
terior surface of crown
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Fig. 15. Time response of hoop-stress at in-
terior surface of dome-wall junction
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Fig. 16. Time response of hoop-stress at ex-
terior surface of dome-wall junction
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Fig. 17. Time response of hoop-stress at in-
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