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

- Effect of Steel on the Dynamic Response -

= 2 %1
Cho, Jin Goo

Summary

Dynamic loading of structures often causes excursions of stresses well into the inelastic
range, and the influence of the geometric changes on the dynamic response 1s also signifi-
cant in many cases. Therefore, both material and geometric nonlinearity effects should be
considered in case that a dynamic load acts on the structure.

A structure in a nuclear power plant is a structure of importance which puts emphasis
on safety. A nuclear container is a pressure vessel subject to internal pressure and this
structure is constructed by a reinforced concrete or a pre-stressed concrete.

In this study, the material nonlinearity effect on the dynamic response is 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 equilibrium equation of motion is numerically solved by a cen-
tral difference scheme. The ‘constitutive relation of concrete is modeled according to a
Drucker-Prager yield criterion in compression. The reinforcing bars are modeled by a
smeared layer at the location of reinforcements, and the steel layer model under Von
Mises yield criteria is adopted to represent an elastic-plastic behavior. To investigate the
dynamic response of a nuclear reinforced concrete containment structure, the steel-ratios

of 0, 3, 5 and 10 percent, are considered.
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The results obtained from the analysis of an example were summarized as follows :

1. As the steel-ratio increases, the amplitude and the period of the vertical displace-
ments in apex of dome decreased. The Dynamic Magnification Factor(DMF) was some
larger than that of the structure without steel. However, the fégular trend was not found
in the values of DMF.

2. The dynamic response of the vertical displacement and the radial displacement in
the dome-wall junction were shown that the period of displacement in initial step de-
creased with the steel-ratio increases. Especially, the effect of the steel on the dynamic
response of radial displacement disapeared almost. The values of DMF were 1.94, 2.5, 2.
62 and 2.66, and the values increased with the steel-ratio.

3. The characteristics of the dynamic response of radial displacement in the mid-wall
were similar to that of dome-wall junction. The values of DMF were 1.91, 2.11, 2.13 and
2.18, and the values increased with the steel-ratio.

4. The amplitude and the period of the hoop-stresses in the dome, the dome-wall junc-
tion, and the mid-wall were shown the decreased trend with the steel-ratio. The values of
DMF were some larger than those of the structure without steel. However, the regular

trend was not found in the values of DMF.

I. 4 & Bo] 2 Y=g ov A4t Ha A
3717 B QAR FREY Y REAHY A
24 4 F2EL HAIHNL 3¢ #9H Az} 717] AXel =7) 247t sbsets Wt
el e 342 F92 dArgozy @ B e=5tF olod wWi# 2L 779 AAF
oA HHMFUL FHEW o= FUW 7 gL T £ YE AFToR 213 IZ F
ZAolt}h o]dd FIY A FRE HAE = PS Z3dE AgAge dAde FFL
B A HopdlA Wlws] wAEm Qo) o] =4 3¢} 141
webd 2eld FREY dAd thE A F2E| F5Fo) Z}%s}tﬂ 2o B
olgla AE7t B HFoas HH Wi A A& Holus 397t Y o2 I 71
28 "o HYkP o E =W A5A 9 A WAale pxEe 54 $9d A 4
HAggolut AHTAL HEFF UFE T3 & FA dth gy FaEo] FAgse A
A E ALY e dAY LA o Az 2 7EsE nAY Zisl 9ol
AGAEFo] old £3rh!d 53] Uz F T 5 o]0} Frh.21Y
GAES FERH0F ATA ygeg = B oAt BHe 2 F39E 0% 4
A 87124 Aare] Qs 2EE AP A o] TH A% EANS 7R 95 zy
e BF ] 9E kiAol #uEoosl Aol22 AFE HZ ZTIYE Az Fd
o]E YHME H3Ee ZE FaFd Y AL FHorsle FHAS e B2e
N hdAe]l mgsojoldt 4 o] g G FHste Aot o]E 9iate] AW
AddeE 19609d DX E B4 A9A Heze Fs 2w ASAen FE8

- 107



22 etz A39W A45 1997'd 8¢

2 R e A5 AAHA A 2

= &AL 2o oA AR HW"*
g nysla 7188 vdE FHAFS
Aol x7) A3 dxde AA G
¢t HEA siA HAY aFHE st
At E=£3 ZazglEe A%FES  Drucker-
Prager 38 3¢ o8 2dd s A
& 5718 FAE e HIFoEA oits
A% Von Mises &% FEd wet 4%
st

45
7}

rE l:ol'i

I. 8t sl

Zq4 Ao 3 A UM Fig. 14
22 8-d4 TuiEsecE dYHe 5
daiA A B 248 ALsHh

ol2{d 8-H Tl EFaLd I FY
e o o] Folxinh

N(& 1) = 3(1+E8) (L+77) (E6+n7,—1)

(i=1,3757
1 2 2 ot (1)
Ni(& n) = 56(1+68) (1—n)
+En2(1+77) (1—€)
(1=2, 4, 6, 8)
5
GAUSS POINT

X ORDER OF NUMBERING /
OF ELEMENT NODAL
CONNECTIONS

Fig. 1. Two dimensional parabolic isopar-

ametric element

| RS SETPY

[M] (d},+[C] {d},+{P},={F}, (2

3714, [M] : A% 4
[(c] : z4=e
(P}, Az ag
(F),: Ao E
(d), : A& =
{(d}, : 23 &x=9F
QAT Lol He &% 2 EEE 9

ARHE o] 431 g Zo| Aikdnh

{d},=(v}),= Zm[{d}nﬂ {d), ;1
{d},={a),=
(A 4’
[{d}, ., —2(d} +{d}, ] e 4

A7) N A= A 7Ez7r7A o)tk
A (3) 2 (H)E A (2)d YA ‘1}%
2 2.
{{d}n+1'2{d}n+{d}n—l]
(av?

o[ e

(M]

+[P1,={F},

714 {dhn1d BAA T e

(=042 0] (a0 8,4 ()

+2[M] {d}n—[[M]—Tt [C]] {d) g e (6)
zbets,
{d}n+1:g‘({d}m {d}, g )eeeereremeeeees (7

—108—



V.

BAA R g H2

ZadE U3 49 3F ¢4 3 AHH(NV)

siAoll 2 OE

Izt SeiA Mg Z=IR(EH 13)

S 7Y AolAZA AREH AZ
Az ZIWJ%«I 3

on ojmf ¥

o

olu {49
o2 5%

74y
2o B7le) ée%z
289 7l3ed ¥

sge

7‘5;‘]-:1 =1}

€ Table-13} 2t}

Z38E ¢

28 A4 Agag

AoH W 8

2 #giEdY Y 7
AN EH(13)3 FYsH
Fig. 2¢} 2o] F7%&
¥ s &9 AL8E A8 43

Table-1. Material properties

Items Concrete Steel
Strength 0ok =400kgf /cm?| 6, =4,000kgf /em?
Elastic modulus |2.8x108tf/m? | 2.04 x 107t{/m?
Poisson’s ratio  [0.216 0.3
Self-weight 2.5 t/m? 7.85t/m?

Yield criterion  |Drucker-Prager | Von Mises
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Fig. 4. Time Response of vertical displace-
ments at dome-wall junction
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ments at dome-wall junction
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Fig. 9. Time Response of hoop-stress at in-
terior surface of dome-wall junction
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