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] ThiS-Fj:frqE:f?f:tgtd”henq“j neermq feasibility study which has been performed
| ~d m;:q‘k‘:icié%qk Lu?’:it‘: L.,Ent ;;Peﬂtlgljﬁu?;;e ;aant_:ehéei. " ﬂThe station js to consist
’ | 'n the study, two basic struc ' £ .e v:u.,ed Rl L
g o RN . uctural layouts for each of the reactor and vacuum
' we-rt:- a_c:r;?meredﬁan_d the structures were analyzed for two different levels of
ake mf..enfht 185 0.15 @ ‘and_ 0.30 g maximum horizontal ground acceleration for
$1S ei{‘-.. L-Euake: For seismic aanses, a number of 2-D and 3-D lamped parameter
Finite element axisymmetric nodels were developed, taking into account
ch as soil-structure-interaction, radiation and composite dampings,
The analysis resuits assured the
1 costs involved.

stick), and
i ¢ferent aspects sSu
+nd fiu?ﬂ-ﬁtrg‘pufe—1ntgracticw1'(sloshing; effect).
: ¢ hility of the project and established the additiona
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INTRODUCT ION 2 mandate from Hydro Quebec tO investigate

the possibility of constructing a nuclear
nower station of Hydro Ontario's Darling-
ton-A type, consisting of four reactor
hyilding units, 850 MWe capacity each,

cerviced by one common VaCuum building.

cts have been undertaken with-

Many :rj:e

study where its conclusions were either
arroneous. Practice demon-

fﬂﬂﬂf%ﬁ or
ctrates that a rational approach to pro- The sSite at Darlington-A station,

viability is an important require- ~efered to later as the "reference plant”,
of .« characterized by a much lower level of

seismic intensity coupled with very stiff
foundation rock media as compared to the

This paper con- Gentilly site. The ma X 1mum groqnd hori-
sontal acceleration of the design Dasis

(DBE) is 0.08 g at Darlington
tilly station

ject
ment. There are variety of 1types
feasibility studies oOr analyses that can

§
e commissioned, featuring different

nandates and objectives.
siders only the engineering aspects asso-

-iated with a preliminary study for earthquake
while for the new Gen

suclear power plant and provides, through site, .
approximate design and cost estimation, the seismicC analyses Wwere required tg be
the necessary input data for 2 financial performed under two levels, 0.15 O
feasibility. (Gentilly-3, alternative 1) and 0‘301: g
Unquestionably, especially for projects (Gentil1y-3, alternative 2) - '1”2(”1 o?st;e
involving large committments of resour- hl1ishing the'techm_cal feasibi1iity e
| ' sibility two alternatives, it was then required to
3]l costs of the civil

ces, commissioning a detailed fea ;i
pstimate the addition

study is a pr nt in men articu-
T s works over those of the reference plant.

larly when the cost of these studies
f‘ivresents a relatively small percentage
of the total anticipated project cOSt -
(0ften less than l.”_D e 2 STRUCTURAL ALTERNATIVES

This paper pre p' s th sismic analy- | SUS
Ses nee?!ez asg a:*net';ss.ser;t?a;; part of the Thpl'invesmgated nucéEa;OS:a‘:;t;r;tgg“;:n]_
engineering feasibility study e iy P bamca]g]uyrrifmgedm‘:w auxiliary facilities
establish whether or not a third nuclear g;zqzonnected to a central vacuum building

- tunnel and a pressure PR LS

station of a particular 1LYyp€ could
constructed at the Gentilly Site in by a fuel
Quebec. The study was commissioned with
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Fig. 2 General layout
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ditions at Gentilly site gas cson?;:edccso
;‘.:e reference plant site, two basic

ructural layouts were considered in the
present study for each of the reactor

building and the '
. vacu |
first arrangement, iy

consi -
Sidered to Support the reactor and

surrounding auxiliary buildings
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3 SEISMIC ANALYSIS MODELS

farthquake analysis has beea. .
211 the pressure related ,. - ‘o
components of the nuclea: Pl
ctation. A number of moa.,
developed for a typical rao...
unit and the central vacuym r... M
For the reactor building . .%'n:
rounding auxiliary buildine ,. the
two IJumped parameter modej. . Jurs

developed. Ve
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Masses were lumped at floor

nted by frame elements having the evaluated

represeﬁ B O.F. per node. Due attentio -
! ;'}veﬂ 1:0 Ancornorate the shear deforr: l?;m:’, including the rotational 1inertia
Was ancrete wal s Trects. Mass calculation was based oOn
mat 100 mode ;‘-f ccincs & Is and struc- dead loads and one half of live loads (CSA
tural cteel bracings. 1981). S
For the prestressed concrete vacuum
y building, the 1isolated base arrangement
was found to produce excessive bearing

pressure beyond the allowable limits for
hoth of the 0.15 g DBE and 0.30 g9 DBt
alternatives, and as such was ruled out in
the early stage of this study. For the
combined slab arrangement which integrates
the surrounding pressure release conduilt
with the vacuum building on a common mat

periphery where relative

Analysis model for the reactor

Fig. 4
building:
a. reactor building on combined base
. reactor building on insulated base
c. stick model for the combined base
alternative

The base slab was assumed rigid and moun-
ted on equivalent soil springs incorpora-
ting the stiffness and damping of the
supporting rock media. The Gentilly site

is characterized by a layered rock and
the corresponding stiffness coefficients

and damping ratios were calculated using
an in-house computer program (Daly and
lordanescu 1982) based on the superposi-
tion method proposed by dJohnson (1975).
The soil-structure-interaction idealiza-
tion was further improved by incorporas=
ting the radiation damping corresponding
to the semi-infinite extent of the sup-
porting rock in addition to 1is material
damping (Richard, etal 1970). The geome=

.t'? has been preserved 1in the models by
introducing additional nodes at charac-

teristic locations, particular

between adjacent buildings

(Figure 5), two types of models were
developed.
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Fig. ® Cross-sectional elevation - vacuum

building

models complement

The two |
ther furnis

other and toge

Mamet and Moselh (1985).

ac described by

The first 15 @ 2=D lampe$ ?aS;enziiil
developed hasically tO

g . : nd overturning

hear, up 1ift force a | _
st iy : the verification of

moment required for
the overall stability of the gtructurg.

¢« a finte element 2
The second 1S .+ "8.2) incor-

representation (Figures 7 an _
po‘:ating the supporting rock media, needed
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Fig. 6 Vacuum building stick e
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vacuum building for basic oad comb1n
tions

the internal tank. The models, howeV?;{;
differ in the soi]-structure'interaCt13
lr‘?-"-lr‘esent‘.ath:m.. The stick model assume;f
r191d base mounted on equivalent
Spﬂngs_ n a similar way to that deSC?
farlier for the reactor building M¢e"
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The axisymmetric model 1includes an elas-
ric hase slab mounted on a grid of rock

finite elemepts. Equivalent elastic
springs were introduced at the horizontal
and verhcgl boundaries of the finite
i..ep,,r-ese:nt'.aj:1tc';n“i::tf' the rock to account for
its cemi-infinite extent. The stiffness
values of thgse elastic bou'ndaries were
tyned tO duplicate the elastic half space

hehavior.

4 ANALYSIS RESULTS

The response€ spectrum method was used
throughout for the seismic analysis of
311 models described in the previous sec-

tion. Ihe design ground response spectra
sre those of the Canadian Standard for

CANDU nuclear power plants (CSA 1981).
The analyses Were performed using commer-
cially available  computer  programs,
STARDYNE (CDC 1980) for all stick models
and ANSYS (DeSalvo 1978) for the axisym-
netric finte element model. These pro-
grams permit the consideration of modal
composite damping which accounts for the
various damping levels associated with
the various materials 1in the buildings
and their supporting rock media. For the
axisymmetric model, two runs were carried
out: one for the horizontal component of
+he earthquake and the other for the ver-
tical component, by assigning different
dynamic degrees of freedom.

Using a number of in-house computer
programs, the analysis results were then
post-processed and load combinations
generated according to the code and cur-
rent practice requirements (ASCE 1980,
CSA 78, CSA 81, and Mamet and Moselhi
1985).

Sample of the free vibration analysis
results and for the maximum response
accelerations and displacements for the
reactor and vacuum buildings are presen-
ted in Tables 1 to 6. For the reactor
building, a comparison is made between
models with and without the soil-struc-
ture-interaction effect, and for models
with isolated and combined base slab.
For the vacuum building, the results of
the stick models are compared to those
obtained from the axisymmetric finite

~element model.

A number of design verifications were
then carried out. A major concern Was
related to the soil bearing pressure and
the overall stability safety factors.

The stability of the buildings was veri-

fied against overturning, s1iding, and

~uplifting under different seismic levels
EM ground water tables.

Figure 8.b

111u§trates the distribution of the soil
bearing pressure for the combined base
arrangement of the vacuum  building asso-
c1ated' with the basic l1oad combinations.
The first diagram corresponds to the case
of dead plus 1ive loads, the second to
Cp]fiqg DBE conditions, and the third com-
bmes_these two. Similar to the vacuum
building, the results obtained for the
reactor building indicate that the isola-
ted base arrangement is not feasible even
for the 0.15 g DBE level due to excessive

bearing pressure and inadequate stability
safety factors.

lTable 1. Comparative modal characteristics
-_moda1 frequencies and associated compo-
Site damping ratios for reactor building

Natural modes [solated base Combined base

of vibration with SSI1*
fixed with SSI
First horizontal 2.79 HZ . M 3,04
N-S (15.7%) (5%) (12.5%)
First horizontal 2.86 3. 3% 3.19
E-W (14.6%) {5%) (10.3%)
First Yertical 4,74 15.39 4.88
(28.8%) (5%) (28.8%)
:§n11-5£FEkture-intéF§¢tinn . b . W &
Table 2. Comparative maximum response

accelerations at characteristic levels for
reactor building

(0BE 0.1%.

Elevation Reference plant Gentilly=3

and location (DBE 0.08g)

fixed base fgsolated Hase

combined base

1 Xe & X1 X2 X3 X1 X2 Xl
0.43 0.38 0.45 1.92 1.79 0.21 1..39 L% 519

0.29 0.38 0.1z 0.33 0.32 0.15 0.13 0.35 0.5

145.90 m, steel roof

138.30 m, concrete

116.40 m, concrete 0.23 0.17 0.07 0.23 0.20 0.14 0.20 0.20 0.1%

+9
100.00 m, concrete 0.11 0.08 0.05 0.17 0.15 0.12 0.15 0.1S 0..¢

0.08 0.08 0.05 0.15 0.16 0.17 0.15 0.15 Q..7

87.70 m, Base slab

*Y] - Horizontal absolute acceleration (g) E-M
12 - Horizontal absolute acceleration (g) N=S
X3 - Vertical absolute acceleration

Preliminary structural design was per-
formed at a number of critical ]ocatmns
for the reactor and vacuum buildings. As
expected, additional cross—sect1ona1
over those of the reference
plant were needed and determined sepera-
tely for the two earthquake ]evels cons1-
dered. In the reactor building, the main
additional material quantities were 10 the
reinforced concrete base slab and' sljear
walls (Figure 3). In the vacuum building,
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rable 6. Comparative mayi,

re r,_.,]ated to p]acements at cha racter East ¢ Hr"“ra Do
' "ef prestressmg vacuum building ikl s i 1
of the level OF '~ a1l and 9,
-- jnment dOME ; h thickness e Reference plany
'ln th o D_f the base Ta e 5) . Location $tick mode! 3 LR -’-,;
o f-nEP6§S inment wall (Figur‘ s t—— A H‘_-;;ﬂ;“ %
under the conta W .
e A e — y My, ™
. nse 0.43 , T — e
: muym respo Top of dome 0.02 .28
ve max 1muis " 0,
Tgb’e o Cm:{at;ha racteristic levels Ring beam i 0.02 .y
dTSﬂ’&CE!ﬁEﬂt;ur ,d"ng yater tank slabd J.98 0.57 2. %0
for reactor Top of pressure 0.02 0.003 5 o
2 TosE 0.1%9 release condu’t « 33 &4
AEY -3 hdnd *
?: Reference plant #’ Sase Siev : . 0.1
g;';‘ flevatton ¢ DBE .08 ) ed Bas® fsolated a8 e ———— — - «18 0. 15
i and location M1 *y - Morizontal relative displacement (em) e |
: Py 13 | § 1 12 . ¥ = Vertical relative displacement [,_-_m] ——
02 I3 ti
i 166,90 u, steel foof 0.6 0.78 .DB 90 0.2%
138.00 &, Soncrese 5.24 0.18 0.02 p.62 0.71 0.16 0.92 :” £
gz 0.48 0,43 0.16 0.58 V. ‘
e e o Sar Giiv BY &N 0.8 0T fne structural 7ntegrjty of
100.00 m, concrete 0.08 0,02 © 9.20 0.21 0.2 Segments Of the fUEI tunnk | thﬁ U3
SN liand ¥ ¢ 8 NESE T sure release conduit (F; o' and ) iy,
*1] - Norizontal relative displacement (cm] E-¥ fied with emphas is on Jure Z } Mo

12 « Morigontal relative displacement (cm) N5

the N L ”‘-Jr:..al,:,m.:‘-

I3 - Yartical relative displacesent _p]acement between adjacent b Eﬂat?v@ :
was found that a stee) Hnmm?nqé‘a_f |
| tghrjoughout as well gas beﬁr ie ﬂapf'
Table 4, Comparative modal characteris- joints betwgen the variogys : OWS 5y 0%
tics - modal frequencies and associated The design verificats SOments ]
composite damping ratios for vacuum erjabled the deter‘minatmn o Herfq,
building t‘]ona'! quantities needed fDrOf the dr{Tpll
agd yielded the estimated ].nCPConstrum;;
:;‘”:;:.:":";’ 'v::rt;c;‘nfm' T Gentilly-3 with SSI* 0] the station over that f t;-’ase n er;
v xed base 0St
stick model stick mode! axisymmetric model p an3. The COSt eSt]mate hase breferewp
Dousing W e On]y for Civil] WOrks E_’rl pre.
Sai%g Water 0.105 K2 0.108 0.105 earthquake floor- r , 1 thoi
g (0.5%) (0.5%) (0.5%) been generat esSponse Spect r Oligh
Internal tr::::' (25:? ;-99 1.62 . -re.aCtor bU1]dTng the ]'Ocatmﬂz
, (7.8%) (6.6%) :Ee additional equipment Costsestmate o
irst ho
Ca:ufn:::"::,], (‘5‘5’1 3. 24 e e SCOpe Of the pr‘eSEnt StUdy 1S beyon#
(9.4%) (9.25%) :
Firse Vertical 7.52 p
' .67
& L4 Ln 5 CONCLUDING REMARKS

analysis performed, th

Tab1 tion Nducted, and the estim.
?gseef: r;gzogsompa;;;:weatmaxmum response ;git ;:GP’:?‘EZTaghequ:é]]t]i;JT_ensg acﬂodnc?veraf'
Yacuum building aracteristijc a.e flﬂidfs t | s ions

:l:ld construciChEr:eca]v]ayrizﬁasjb]e o desjg:

o e ti:n Daat”éngt?n"A type nucsl easriC rggageit;
feren entilly site, even with the dif-

ces associat ]
ed wi TR S '
and support in th seismic intensi)

U 9 S011 characteristics.
Construct NOt technically feasible 1
any of the reactor buildin

vacuum building
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~yum building and connecting tunne]
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jant 1s-est1mated at 0.6% of the total
"Hﬁﬂt cost for the seismic case of 0.15

p d 1.33% for the seismic case of ¥

' pBE, al

0-30 g DBE-
The floor response spectra generated

ent study (not shown here)
he used to asSes further additional

CﬂU1d h uipment i D

REFERENCES
American society of Civil Engineers,
structural analysis and design of

1980, ana ly
nuclear plant facilities, ASCE Manuals

and Reports On Engineering Practice,

No. 58.
canadian S
Desj gn P

tandards Association, 1981,
rodecures for seismic qualifi-
£ CANDU nuclear power plants,

a
CAN-N289.3-M81.
Canadian standards Association, 1978,

Des1gn requirements for concrete con-
tainment dtructures for CANDU nuclear
ower plants, CSA Preliminary Standard

N287.3-78.
control Data Co., 1980, MRI/STARDYNE for

scope 3.4 operating system, User

Information Manual.
Daly, A. and lordanescu, M., 1982, User's

manual for computer program SOIL, Soil
stiffness and Dampings, Canatom Inc.,
NR-2190-21020-04.

DeSalvo, G.J. and Swanson, il 3970,

ANSYS engineering analysis system,
User's Manual, Swanson Analysis Systems

Inc., Houston.
Johnson, G.R., Christiano, P, and

Epstein, H.l., 1975, Equivalent
stiffness of layered soil media,
Stiffness Coefficient for Embedded
Footings, ASCE, Journal of Geotechnical
Engineering Division.

Mamet, J.C. and Moselhi, 0., 1985, Out-
line of current analysis procedure for
CANDU 600-MWe reactor buildings, Cana-
dian Journal of Civil Engineering,
Vol. 12, No. 4, pp. 796-804.

Richard, F.E., Hall, J.R. and Woods,
R.D., 1970, Vibration of soils and
foundations, Prentice-Hall Inc.,
Englewood, Cliffs, N.J.

569




