.. The present paper deals with the effect of support flexibility on the seismic
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of rotary inertia and shear deformation are included in the analysis
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elled as a non-uniform thin-walled

ly supported 3;e§hzngaii and having a rubber bellow at the other end. Finite-
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An important subject within the power in-
dustTy today is the seismic qualification

of condensers and heat exchangers. There

is an ongoing concern and discussion on

this subject regarding the degree of con-
servatism and the accuracy of standard pro-
cedures adopted in the industry. The evo-
jution of regulatory criteria and guide-
lines, in general, has placed increasingly
conservative requirements on assumptions

and procedures used in designing these
equipments for seismic loadings. One of

the several questions that a designer has
 to answer is the adequacy of the analysis
adopted in designing the equipment with
classical boundary conditions.

CMMm in conventional thermal power
lets are supported on springs with a
ﬂmﬁmectinn between condenser neck and
low-pressure turbine casing. This arrange-
ment allows the condenser to freely expand
:igme normal thermal loading. As a
L tﬂf the overturning moments and dis-

pmﬂ resulting from the earthquake
- 08ding, the type of flexible arrangement

£ veis 350?6 gives rise to excessive
lacements and may cause breakage of 1ts

e i 18 to external piping, low-pressure
~ _*Pime casing and the foundation. To
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flexibility parameters are presented in tabular form

dal points and forces and moments in critical regions for wvarious values of

Important conclusions are

rigid footings and are flexibly connected
to the foundation giving necessary allow-
ance for thermal expansion. The condenser
neck in this case is connected to low-
pressure turbine casing by means of a rub-

ber bellow.
Not much published literature 1is availa-

ble on the seismic analysis of turbine
housing and condenser-type equipment for
nuclear power plants. Danisch and Labes
(1976) discussed various methods of sels-
mic design of turbine housing for nuclear
power stations with KWU manufacture without
unfavourably affecting the operational
behaviour of turbine generator set. Vint
(1978) recorded the experience gained in
protecting a turbo-generator installation
againat earthquakes. Wu and Cory (1977)
«tudied the seismic behaviour of fast
breeder reactor vessel and tried to esta-

blish 1limits for idealising shell-type

g beam elements based on

structures usin
adius

thickness to radius and length to T

ratios.
Conventionally, equivalent static force

nethod is employed for geismic qualifica-

tion of power plant equipment which are
sreated as 'rigid'. This judgement largely

depends on designer's experience and the
customer's analysis of cost and the risk

of the additional expenditure necessary
for carrying out detailed seismic calcula-

tions and design improvements. Hence,
there 18 a necessity for carrying aut_
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Fig. 1. Typical Nuclear Condenser. Fig. 2 Mathematica] Mode
!‘ detailed dynamic analysis in order to es- 2 STRUCTURAL ASPECTS OF
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tablish the degree of rigidity and reliag- SYSTEM
bility of mathematical models that could A tvpi
ypical box-type s _
be adopted for routine seismic qualifi the RELAce condenser, sh,

ica- in Figure 1, functions on divided ¢i
ting water system.
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~ Fig. 3. Response Spectrum for 2% Damping.

adapted for three-dimensional finite ele-
ment analysis. The material of the con-
denser being steel, the maximum damp ing
that can be offered is assumed as 21 and
the response spectrum corresponding to 27
the pres analysis. While
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Neck ? }_EO-QG 12.33

A 290,18 29.58

Steam 5 169.22 17.25

dome 4 169.22 1.7 .20

Bottom 3 1866.35 190.25

shell 2 3394.26 346.00
Table 1. The weights/masses lumped at

various nodal points are given in Table 2.

fliiibsjrf;:ii}f the influence of foundation

P 1tj};, four practical combinations of
stiffness R 1ip KN/m and rotational

T 3 . ,
hOriZOntal X e . in KN Iﬂ/radlan abOUt

Present analysig, T
are: o
(a) R=9,81x105, T=9.81x106

(b) R=9 81x10°
. 0. e
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(d) R=g '3 81x1010
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Ba

| % Seigmic
Tﬂt’z’iirst cen modes included) .
i % R e
#/'Hi:;‘ Y--(_iigp Z-disp.
. SRS Sedats
/;/’m:'
gt 0.011 13.49
: 31.03 0.020 30.04
: 2593 0.023 44 .07
p 62.59 0.025 62.02
: case(b)
1.96 011 1.96
) 5.07 0.020 2.06
; 5. 14 0.023 2.12
g 2.23 0.025 2.19
case(ﬂ)
0. 20 0.011 0.19
2 0.28 0.020 0.24
i o 36 0.023 0.26
case(d)
: 0.05 0.011 0.06
: 50 0.020 0.10
: 0.13 0.023 0.13
0.025 0.14

-

Maximum elem

ent (EL) axial force

e g

i i

BM(KN+m)

A——

39190.95
25584 .48
23239.89
14587 .47

7745.0

1601.0
884 .47
406.92

8931.02
5630.94
5539.71
3805.30

4433.14
1997.32
2009.09
1515.65

rable 2+
(AF) shear force (SF) and bending moment
(BM) -
e A Gt
L AF(KN) SF(KN)
e R
Case(a)
1 4 A 5081.58
3 381, 72 BT .01
5 98.98 318.63
’ T332 589.19
Case(b)
1 Fai»dd 1809.95
3 153.72 247 .60
5 98.98 142.05
7 23.35 9.61
Case(c)
1 717.21 1267.45
3 153.72 262 .32
> 98.98 177.56
! 23.35 45.91
Case(d)
; 717.21 1049.67
5 153.72 247.70
. 98.98 164 .22
| 37.67

23.35

reactlions.

. Maximum support

"_ 1S € AF (KN) SF (KN) BM (KN
. 3% C e T Xatieh $
; ?lz.;i 5081 .58 39190.95
: Rl ald 1809.95 7745.00
ﬂ PiT ¥ 1267 .45 8931.02
T AL » 2k 1049.6/ 4433 .14
Table 7. Maximum bellow forces.
Case AF (KN) SF (KN)
A 0.20 368.28
B 0.20 30.90
& 0.20 7.06
D 0.20 ZesD

and moments such as axial force, shear

force and the maximum bending moment for
various cases are given in Table 5 As the
condenser is considered toO be rigidly fixed

about Y-axis at the base,
axial forces 1in 211 the cases are constant.

The torsional moments are not reported here
as they are found to be negligibly small.

The maximum SuppoOrt reactions and bellow
forces are given 1in Tables 6 and 7. 1t can

be seen that the seismic shear forces and
bending moments are also greatly inf luenced

by effecting changes in the f oundation

flexibility.

6 RECOMMENDATIONS

reported,
and recommendations:

ndation flexibility plays 2@ sig-

in the condenser natural

d seismic forces and mO-—
concluded that

stimated cOI-

1. The Tou
nificant role

frequencies an
ments. 1t is, therefore,

the base flexibility be €
rectly while incoporating it in the
analysis and thus ensuring structural

integrity and safety of the condenserl.

2. Though not sh it is also ob-
served that t of the rotary
inertia and she jon terms has

a gignificant €
frequencies and hence the

geismic forces and moments.

he inclusion
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