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ABSTRAET;_ the structure 1s represented by a 3-D finite elementxmizzcitorFiz;lilng
stﬂc:ural analysis of this 3-D finite element model, a condensed stick model is
Stw;aped- This stick model 1s used for the dynamic analysis of the structure
dev:equenter the 3-D finite ?lement model with static inertial loading is analysed
:::h 4 apprOaCh is an economical and practical way of analysing complex structures:
. IHTRODUCTION The reactor pool structure is founded
| on.- the rock below and is structurally
e Maple-X nuclear reactor: 1s proposed separate Lrom . the -outside Dbuilding.
ro be puilt at (?halk River lelclear At . elevatlion 146 m, there 1is & partial
Laboratories' This reactor 1S a floor slab supported on steel beams.
orototype of the new multi-purpose The main operating floor is at elevation
research Seastor . Lor the fFuture -to ENS i, At that celevation,” 10 parts

+s marketed by Atomic Energy of Canada
which houses

rimited. The building,

the reactor and other equipment, 1is

required to be designed for a

potentially severe earthquake. For

that purpose a seismic analysis of

the building structure has been

undertaken. The methodology, modelling

considerations and brief results of

this analysis are described.

2. DESCRIPTION OF THE STRUCTURE

f‘e Hafle-x' reactor building is

32:t:“9 1‘1 ﬂ:r in shape 23 m wide and
9. The structural plan is

ma | s
heimirf Figure 1. The total building
°f 30 m consists of 7 m high

Peript

a g‘erﬂ concrete walls supporting
ﬁmﬂr: high cross braced steel
oy A cross sectional elevation

E . h::::f concrete pool structure
B Gy the Maple-x reactor.
P e, tring  elements
E e "% &t the lower part

the 4, " °S8 braced steel frame above
allg Elwﬁt ion. - The concrete
the .. - @8 retaining structures
¢ TAteq at elevation, 141 m.

of the area, concrete flooring is used.
In other parts, there is a fixed steel
platform. The control room 1s located
at one side of the building. A number
o) 3 staircases provide the vertical
access. A bridge crane supported on
the external columns is used for material
handling. Above the 149 m elevation,
the building has an offset with a reduced
width of 17.5 m. The roof is supported
on steel trusses spanning 16.5 m across.
A system of horizontal bracing is used
at the roof 1level for transferring
horizontal loads to the vertical bracing

system.

3. 3-D ANALYSIS MODEL

The structural steel frame is represented
bYW three dimensional (3-D) finite
element model. The computer program
STARDYNE is used for this purpose. The
mhdel 1s made of 177 nodes and 455
beam elements to represent the structural
interactions. The geometry of the

model is verified using computer plots.
A plot of the 3-D model is shown 1in

Figure 3. The columns are modelled
as members pinned at the base. The
beams and bracing members are modelled
to be pinned at both ends. The roof
trusses are replaced by -equivalent
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ers with sectional properties
iy +he same deformation
“racteristics. For other members,
the CIrosSs sectional properties of

+he selected sections are used.
3 static load analysis of the 3-D

el iS5 performed to determine the
stiffness characteristic of the
structure. For that purpose, a set
of fictitious concentrated static

roof level.
building due

loads is applied at the
The deformation of the

to these loadings 1is studied. The
pattern of displacements is found
:: be reasonably symmetrical. For

average displacement A of  the

:metﬂre due to an applied load P,
spring stiffness is obtained as

4

f@r“; . :: is intended to replace the

s r’:cture by a member having
valent moment of Thartia 1,

e

By ‘:M:::: modulus of elasticity E.
of the fleiu the._ lateral stiffness
the 3-p fra.:al member with that of
of inereis 1 of' the equivalent moment
 Thig oy N thﬁ member is obtained.

0r 2 IE ? mdir. is repeated for both
| alueg of 4 lirections to obtain the
hmu’“ﬂ-h I in two directions.
3 il B '._-_.E- A " 1 direction, the stiffness
: ar - .GCtiﬂﬂ&l
cross

of the
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Fi1g. 4 Dynamic Analysis Stick Model
1S5  obtained by Spymmibg HBp  the area
of all the individual columns.

351

The
structure is determined from a dynamic

analysis
spectrum

formulation
method can be obtained in Biggs

A simplified
analysis.

masses

4, DYNAMIC ANALYSIS

seismic responses of the building
using the well-known response

method. The theoretical

of the response spectrum
(1964).
stick model, as shown

is used for the dynamic
for motions

has S1X
elements.

in Figure 4,
The stick model,
horizontal direction,

connected by beam
The lower part of the model represents
the concrete structure. The sectional
properties of the element are calculated
on the basis of the geometry of the

walls. For the upper part of the

structure representing the steel frame
the egquivalent sectional properties,

as explained in Section 3, are used.

For motions in

an additional mass at no
with the connecting element,

in. _the

This mass,
represents the  effects of the roof
trusses. The masses lumped at each

culated by adding the dead
and a fraction

loading. This
o - 508

node are cal
loads of all components

of the specified live
fraction 18

taken to be 25%
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Fig. 5 Ground Response Spectra

sustained part

the effect of
ig found to
the base of

and represents the

of the flioor loads.
foundation interaction

be small. Consequently
the model is assumed fixed for the
analysis.

The ground response spectra
corresponding to an acceleration of

0.22 g are used for the analysis.
These spectra are shown in Figure
. ¥ They represent the effects of
a potentially severe design basis
earthquake as wused for the design
0f nuclear power plants. The damping
values used in the analysis are based
on the recommendations in CAN3-289.3
;izzi}. St:uiiirriingiﬁé ft-:::' the' bolted

€ reinforced

co?crﬁ'ete, a damping value of 5% of
Critical has been used.

| A frequency analysis of the Structure
;; performed Using routines of the
;hARDYNF computer program, Si

€ Stick model 1S uncou led T
s§parate COmputer runs, o;i |

three
for each

MOOE |

HORIZONTAL Y Direct 10N

MODE 1

Fig. 6 Mode Shape of Structure

participation factors. Mode

J.for tl:le first three modes are Ilnt
in Figure 5. Subsequently t::} Dttfj
frequency analysis, the response Eg’pf‘t;'-:‘lf
“analysis of the dynamic Stick -m};
1s performed, also using routineé‘t k
the STARDYNE program. The regpgni
spectlra, asS given in Figure 5, jis usn
for input in the horizontal directim;.
In the vertical direction, the im',,;
Spectra 1s scaled by a factor of O.;%E?

S. SPECIAL CONSIDERATIONS

The dynamic analysis produces
accelerations and displacements at
the nodail PO BES  Of the structure.
Additionally, the storey shears and
bending moments at various levels are¢
obtained. A close review of the resu

1S undertaken to determine thell
?Ppropriateness . As a result, the
ollow:Lng considerations are found

to be needed:

Rigid Body Modes: The accelefation%
:t flodes close to the base, as obtal™®
r o
arom the response spectrum 5T
a € found to bpe lower than the grouhj
2cceleration. For node numbers 1 aﬂ:
lllr the accelerations are found t° D,.
OWer than G e - A The base€ ghe?

an
d the bending moment for
Numberg 1 thal
and 2 are also lower



this is due to the
cation of high frequency

of the structure
concrete walls is
steel structure.

response of the lower
+herefore; under estimated
analysis. N rectity
accelerations of these

manually adjusted wusing
Presented by Biswas and

The global stick model
wc,nl. inde analysis is not suitable
1ed :ﬂicting the seismic response
for pr +s due to local modes. The

Wncolumnﬁ are flexible 1in the
e;tefﬂal sransverse to the bracing
&iﬂctioﬂ ghese columns can exhibit
legs. pration mode in this direction

jocal V3  tati T d3

. | the excitation. O predict
gue tosponse of the columns 1in the
the T° direction an uncoupled

se g
tl‘”'svj; is used. In this approach
w:ismic response of the attachment
the established from a global

15The ljocal response 1s then
ubtamed by applying an amplification
¢actor to the response of the attachment
+ The amplification factor depends
IS croseness of “the "natural
¢grequency Of the 1local element and
e global structure, as well as the
damping characteristics. Amplification
¢actors as used for selismic response
of equipment in nuclear power plants,
as presented by Duff (1975), are used
for that purpose. Using such an
approach a local acceleration value
of 2 g is obtained. This acceleration
is used in the transverse direction
for member design.
The adjusted response accelerations

it different points of the structure
re given in Table 2.

T?ﬁle 2. Accelerations Due to a Design
Earthquake

L TS

—CCeleration (g)

- Bl aels. Y ' Vart, 3
¢ o B 0.49

£ g""s 0.70 0.42
& 0--52 0.55 0.36
i 0-43 0.50 0.28

g o N7 0, 34 0.20

6.

is

STRUCTURAL ANALYSIS

The structural analysis of the building

performed with the use of the 3-D

Static model described in Section 3.

F .

or ear:.?h node point, inertial
;cceleratlons are determined from
note 3. The 1inertial 1loads at each

joint are

generated by multiplying

the nodal weight by the acceleration.

Tﬁree Bets of loads, one for each
direction of seismic input, are
generated. These loads are applied
as static loads to the 3-D model and

a

Structural analysis is performed.

These member 1loads, as obtained from
the analysis, are used for the
structural design and sizing of the
steel members. EB ' an ~output - from
the analysis the reaction 1loads at
the base are obtained. These loads
are used for the design of the concrete
walls and foundations.

%>

A

SUMMARY AND CONCLUSIONS

seismic analysis of the Maple-X

reactor bullding structure has Dbeen
presented. The analysis is done in
two stages to avoid the use of large

dynamic models.

Such models are very

expensive to run. The wuse of a
condensed stick model for the dynamic
analysis is wvery cost effective. The
local responses of members are generated

using an

uncoupled approach.

Subsequently, using the 3-D model,
member forces are obtained which can

be

used for the structural design.

Such a two-stage analysis can be an
effective tool for the design of complex

structures.
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