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ysis of a PWR nuclear containment

- ginCanadian Cont. Earthquake Engineeri
- ismique

shell structure

, assumptions,

cT: s 1ts of the seilsmic :
‘gsi'ﬂ s and resu analysis of a PWR containment structure The

cont@ ~jcal dome and

is a reinforced concrete structure in
flat foundation slab, s

$ oSl of a cylinder with a
Selsmic analysis for the containment

pesiSPIC “o o performed DY including rocking and swaying springs in the mathematical
a

of the containment.
aﬂanﬂs ch the masSsS represented.,

me containment is a reinforced concrete

structure in the shape of a cylinder
4th a hemispherical dome and flat
soundation slab. The cylindrical shell
is 140 feet inside diameter, 4 feetl
thick and 156 feet high. The
nemispherical dome is 70 feet inside
radius and 3 feet thick shell. The

foundation slab is 156 feet diameter and

14 feet thick (Fig.1). Seismic analysis

for the containment structure was

performed by including rocking and

swaying springs in the mathematical

:Eillel to take into account the effect of
structure interaction. The stored

:f:t’ in the superstructure and in

k ying :d rocking springs are

first 7. 2nd the weighted damping for

M”ﬁ" modes are evaluated, Seismic

e o s then performed by using

five modes 8hted damping for the first
‘analysis {.

Spectra ” S based on the response

is “ﬁn:gw:::eh in which the earthquake

"eSponse 0. || cduency dependent

m:: t;tq!rves (Fig.2). For
ym 0.067 g vertically are

stf“"twretake into account the effect of soil-structure interaction
% o cmg?llSh?d l;y mod.,a} superposition method using the reSpo;se spect

god ated jnertia forces 1n ro?t mean Square are used as input 1oadspf‘orrih2ppmach

The 1ner'I'T1‘;;.afcf)‘or'ce on each mass is distributed over the

. rces are transformed to the Fouri '

. the form applicable to the Kalnins' shell program to obtain thlew:ilzr;oirengteizns

Analysis of the

center
line

Fig. 1 Prestressed concrete containment.

used. For operating basis earthquake
(OBE), a factor of 0.5 is used to
multiply the response spectra for DBE.
Different damping coefficients are used

in calculating the weighted damping for

these two casesS.
The generated inertia forces are
accepted as input loads for the General

shell Program to obtain the deformation
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Fig. 2

and
containment .

2 SOIL-STRUCTURE INTERACTION

4t the site of 2

itions
The soil cond thquake response

building affect the ear 't
of the building in two ways; 301'
amplification (Donovan and Matthlegen
1968, and Idriss and seed 1968) an
soil-structure interaction (Whitman
1968). In the case where the depth'of‘
the soil is much greater than the width

of the building, the effects are€
independent of each other (Whitman
1970). In this calculation the above

assumption is made and only the latter

effect is taken into account. Analysis
of soil-structure interaction usually

requires the consideration of the effect
of foundation compliance., The
requirement is usually met by including
rocking and swaying springs in the
mathematical model of the containment
(Whitman 1968, and Biggs and Whitman

1970). The spring constants are

obtained through the theory of

elasticity for circular footing on the
Surface of the elastic hal f-space

(Richart et, a3 ,
Whitman 1967, 1969, Richart and

1967).

(H)

Rockin
g
Kg = 3(1-v) 4

containment and internal Strueturjitme
respectively. The two Cantilever
founded on the same base which inar&
is supported Dby a vertical SPring “ury
swaying spring and rocking Spring’
CalCUlatEd from the equatiOHS (1) as
and (3) respectively due to the
soil-structure interactions.

¥ (2)'

3)

Contai nment

o

(3,

O
2

0 Internal
Structure

VINIAV/IBage _ Mat P77 V7
9O _
KH

KVKR

Fig. 3 Mathematical model.

In this idealization, the mass
properties of the system are separated
from the elastic properties and
e€quivalent concentrated masses are
Placed at the nodal points to represent
the inertia forces in the direction of
the assumed element degrees of freedom.
These masses refer to both translational
and rotational inertia of the element.
OUIY_nominal number of masses are€ used
to simulate the structure, It is
Iis&’.entimal that the mathematical model

!l:St f‘al’-"hf'ully represent all essential
t?l aracteristics of the distribution of
488 and of stiffness in the structure:



H-gl  .. sense to uSe NUMerous masses
o uﬁiaﬂ Qﬂpﬁc ial 1 Yy for the
ntd

a . udy while the geological
.’:ﬂ'ryr’:he site and the precise

[ puture ground motion are still
| re of e dy-namic response analysis
ﬂ';?omi miﬂ pﬁ[“fﬂﬂ“&d by SDlVing the
- 'Y’:“:f motion;

21“"?” (cl{ul + (K1{u} =
+

(M) (vl

{(P(t)] (4)

. f freedom linear
ti-degree ©

3 'mtructure subjected to base
gstic " the equation of motion for
ed as:

i (C1 KIS ~[MI{P}Y_(t) (5)

y (t) = the time dependent

Whers e support
ed referenc
pnm::étion; (P} = the column matrix

gccel f ratio of support

nents O
::ct:l::ﬂon along the direction of

the reference
iy t“‘D'I‘h linear
scceleration Y. e
transformation is given by,

£
"

shere [q] is a square matrix formed as
an array of the successive mode shape
vectors and {x} represents the vector of
sodal amplitudes. Introducing (6) into
the equation of motion, (Equation (5))

leads to,
MIlQl{k}+[CI0ql{x}+[K1[ql{x}=
-[M1{p} ¥ (1) (7)

Premultiply (7) by the trapspose of an
arbitrary modal vector [q] and taking
advantage of the orthogonality
properties:

(q)'MI0q) = [M")
@0mq) = k")
['Q}T[C][q] " [C.]

N'Nlt.. in uncoupled equation of motion,
D" 1) K" 1 (x) =
_' "mrmipli'.(t)

(8)

(9)

Diyidin

|

M ;] and introduqing the
netinltign 03 LC ] and [k
the modal equation:

B (9) by generalized mass

alternate
l, we obtain

phel2d Wik )+ (0?10x ) =

o e .
-1 q] [M]{p}xs(t)/[n )

(10)
and the relations:
o .
(K 1= (o] (M)
[e 1 % 3
] [Edrwr] (M ]
has been used where d EPEla 2y oo st} BAre

moda} Qamping factors.,
participation factors for the modes are

The

given by:
it %
ir} = [q] IMI{P}/IM ] (11)
Thus, the equation of motion for rth
mode is
’ : ; .2
. 2drmrxr + wrxr = - FEYE (12)

The solution of each modal response
equation (12) may be performed by the

Duhamel integral:

t -d w _(t=r)

1 ‘q it
xl"‘(t): oo oy f(rFYS(T)e

fD

o 0
b (t=1)dT) (13)
DP

in which f_. represents the damped

D
frequency T

2
- d
D mr ‘/1 r

L. = (14)

r
Equation (13) is solved on a digital

computer by numerical integral schemes.
when the modal response for all modes
has been determined at any time e,

nodal displacements for this time are
then given by equation (6). For the

above modal superposition analysis a
computer program 1S developed (Kalnins

1968) .

the

5 STORED ENERGY AND WEIGHTED
AVERAGE DAMPING

modal damping
and Roesset and
ted damping
;g;ghaccording to the stored energy in
each spring. The formula re

follows:
D Egy * PuEhn * "RERn

D = + By +

n sn Rn

(15)
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for first f1
jnvolves prima

energy is stor
in this mode.

involve & combinat
structural defOrma_
little rocking. Hl
mostly of structural

situation 1is typi?al
containment buildings

jon of sway

tion with r
gher mode cOns

deformation. This

for stiff :
founded upon soil .

elatively
19%

Table 1. Stored Energy and Weighted
Damping.

» [nertia force on €ach mass ;.
distributed over the surfa.,
shich the mass representsg.

E
|
!
:
1

R
o 1
F-1907% |
a:044ﬁai
F.a787k
ST. 4 , ; %
—
ST. 3
F.s815K
A= 0«-24ﬂhg
ST.25
|
F: 2?041‘
ST o2 a-ﬂ.l223
ST.1

Fig. 4 Inertia forces for DBE.
Percentage Energy
Weighted
Mode Frequency Super Swaying Rocking Damping
(CPS) Structure Spring Spring (%)
Cylindrical Parts:
otation 1 thru Station 2.5
i 2.377 26.3 18.5 56.2 6.582 Pressure, fI = 2704!"(233{ I2 X%x 75) = 0.0707 1o
Station 2.5 thru 4 =
2 4,496 67.6 27.9 4.50 7.792 FRRESOENS T, = SEIS/02 72 awx B1) = G157 1
3 6.704 43.8 48.2 8.00 9.825
oy 12. i
939 94.9 1.80 3.30 5. 180
5 14.97 | 2
: v o 3.80 5.007
Mekahbed sEentDLE. 4D E
ed Damping = —>. 30 _H Hn "R Rn
EHH+EHH+ER11
Values Used: Da = 5Z. DH = 15%, D, = 5%
6 EARTHQUA
_ KE SHELL ANALYSIS
The output f
rom the ¢
model of Fy ¢ *OF. the math
: 8. 3 gives €matical
inertias force, she dCceleratign
mom e ; o 1ok f
Squa:Z at each mass leve]_eiand bending
i dist'.righe inertia T 1 root megn
the mass po o0 OVer the sur e €2¢h magg “48. 5 Fours BE
s, tn “Presentg 54 sho 9Ce which ourier coefficients for DbE
» Lhe gyrf WN on
Fig. 5 ¢ 9ce forge Flg. y
. rough gy S as gho ;
Surface ¢ 8. 7 ar wi._on 1
Orce ob Co de
Fourier geps . 2 trangs v8ined usre]gainment structure analytical T™",
X The N the program is shown on Fﬁ'w
e Shell material has been assum
* 180otropic ang gic.
Concrete and perfectly elas 000
psi DFODertieg used: f, = 2 gt 10

= 4.0 x 10° psi; PoiSson's '
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center line

3
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o

\L

9
_ R By
2 4
e ‘o o
e ‘@ © spring line
4 thru st-.atlnn 12
" e S 'ﬂf J'n singd¢de = 0.1668 ksf || Reference surface
| gtation 18 y
sta ¥/ f R® sin¢dede = 0.2026 ksf ¥
L R ® o
5-68
~surier coefficients for DBE. ol @ “
Fige h 4-0°

Fig. 8 Analytical model.

53 (Radial)

P =-f4cn:B, P -= fésina

2 6
52
Pz--facoﬁ, Pe = f351ﬂ9 (circumferential)
ST. 4
ST 3 | P=-£,cos8, PB =|f,sind
(Meridional)
f_.sind hﬂil
2
oL 2.
My,
M,
p-_flcnﬁe . l’a fllinﬂ 51

3ind Fig. 9 Internal forces on a shell

element.

“é‘ht- of reinforced concrete 7 CONCLUSIONS R
ar . FTﬂDfNBrﬂiilbﬁiloir om |Jt43r-.scﬂltﬂ:icnn ()f"t e sim *
g "Wy _' steel gused : fy = 60, OO? fh;;a Sass model of thecg:r:zr;ct;:imen
@ mx K}%b 3psi and “weight 0” - shell structure givesfac;ce B e e ing
| Internal forc inertia force, shear 10 PR
B o A .1-15 ahom in Fig. 9 and nt at each mass level in roo =
-t sosiie The inertia force on each mas

o
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peformation ft _\

Forces in K/ft
Moments in ft-K/ft

is distributed over the Surface

the mass represents. The syr
then are transformed to the F
series expression and are in

applicable to the Kalnins!
computer program for the complete s

Which
face forges
Ourier

the form

Ni2

_ _ tress
_ : analysis of elastic containment shell of
Fig. 10 Results of the seismic analysis revolution. The above method of
S solution is effective and ver usefy
g:f?%:isr;efslmlc Forces on the Concrete during the A eI pmant e gf thel
. nuclear containment shell Structure, It
ehce sl _ makes no sense to use 3 detailed
Station 8 = 0° Sophisticated finite element
; n W representation of the shell structure
1 0 .02 115,67 23.13

IR ERTT: éSpecially for the preliminary seismic
M Study while the exact geological
2,5 0. formation of the power plant site and

the precise nature of future earthquake
ground motion are Still unknown.
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