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SYNOPSIS

This study describes the structural system that has been
evolved for reactor intermals. The internal structure of a
heavy water reactor plant located in a mild seismic zone is
ugsually kept independent of the cylindrical containment struc-
ture and is quite flexible under lateral vibrations., If such a
system is adopted in a moderate or gevere seismic zone, the abs~
olute as well as inter-floor geismic digplacements are found to-
be too large to be withstood by the equipment and piping systems.
Therefore the structural system in the latter case has to be
specially designed. This paper presents the results of the pre-
liminary earthquake analysis of the original and the redesigned
structural systems. Suitable assumptions have been made to rep-
resent the internal structuré as a multimass system and its dyn-~
amic behaviour has been obtained for a prescribed raft motion.

INTRODUCTION

The Narora Atomic Power Plant (NAPP) is the first such sta-
tion in India lying in a moderately seismic zone and having allu-
vial soil foundation, all earlier ones having been located in
low geismic zones. Like others it will have a heavy water reac-
tor. The main characteristics of the reactor building structural
system have been

(a) a common raft foundation for the containment structures,
calandria vault and internal framework which have been kept str-
ucturally independent from each other permitting lateral movement
under temperature or presgsure chang:zs, k

(b) the heavy pieces of equipment have been suspended thro-
ugh spring controlled steel hangers fram floors above and rest=-
rained through bellows from below so as to have controlled move-~
ments under varying temperature environment. The resulting int-
ernal structure therefore would be rather flexible under lateral
loads but it was not a problem in prev1ous plants where the sea.s- ‘
micity was low. .
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For NAPP as a first step a similar structural system was
naturally thought of as shown in Fig. 1. But it had to be cha-
nged to a stiffer system since the resulting seismic displace-~
ments could not be accommodated in the design of piping system
and equipment supports. This paper describes the salient fea-
tures of the structural changes and the resulting seismic dis-
placements and forces.

SEISMIC RESPONSE OF NRIGIIMAL STRUCTURE

The Structure: The original proposal is shown schematically
in plan and section in Fig. 1. The elevations are given taking
ground level as 100.00 m. The internal strucrure cons:.sts of
rigid walls and floors upto El. 95.50m above which it branches
off into two separate sub-structures, the calandria vault and
the various operating floors. For convenience of reference
the floors may be named as fuelling, pump, boiler and top floors.
The end of floor girders at boiler and top floors rest on the
containment wall brackets through roller bearings. Besides the
steel columns there are shielding walls also present in both
directions below the pump floor which act as shear walls and
make the framework much more rigid as compared to that above
this floor. The inter-storey stiffness worked out in the N-S
direction of the building are presented in Table 1. It is seen
that the stiffnegs is very large below El 112.30 as compared to
the two storeys above it. Therefore for preliminary analysis,
the system could be treated as a two degree freedom system with
magses lumped at El. 139.35 and 124.70.

Response: At the raft level, a modified El Centro motion
was applied (See Fig. 2). The floor displacements were worked
out taking damping as 2% of critical. Table 2 shows the values
in the first and second modes for three conditions (a) boilers
supported from top floor, (b) boilers supported at boiler floor
.and (c) column sizes increased to the largest rolled sections
available. The absolute as well as inter-storey displacements
are seen to be large in all the three cases indicating that
more substantial change was required to cut down the seismic
lateral displacements. Diagonal bracings or shear walls could
not be provided at all the necessary places because of functional
requirements of unobstructed space.

SEISMIC RESPONSE OF MODIFIED STRUCTURE -
The modified structure utilizes the large lateral rigidi-

ties of the inner containment perimeter walls for providing
gtlffness to the internal framework. In this scheme, the top
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"floor (El. 139.35) is deleted altogether, and the boiler floor
(El1 124.70) is connected to the inner containment perimeter wall
as shown in Fig. 3. °* The boilers are supported on the boiler
floor. This floor takes the vertical support from the cylindri-~
cal wall, '

The seismic analysis of the structure was carried out in
two steps. First the raft motion was derived from the free field
motion by considering the response of the structure as a whole
and taking the soil-structure interaction into account (3). In
this formulation the stiffness properties of the inner and outer
containments were considered through a lumped multimass model and
the internal structure upto El 112.30 as well as calandria vault
were taken as weights connected to the raft through a rigid link.
The resulting timewise accelerations at the centre of gravity of
the raft are shown in Fig. 4. In the second step, the raft motion
has been taken as the base motion for the internal structure.

The internal system is idealised as a fork type structure
with one stem and two branches as shown in (Fig. 5) model-l. The
stem represents the rather rigid part from the raft to the El.
95.10 where the two branches take off. One branch consists of
the calandria vault and the otheér includes the floors, columns
.and walls from El 95.10 to E1 112.30., The whole system is rep-
resented by lumped masses and stiffness properties at various
elevations are given in Table 3. The idealisation is done sep-
arately along the two principal axes of the structure in N-S
and E-W directions. In computing the stiffness some approxi-
mations have to be made due to the complicated shape of the
walls, openings, relative thickness of floors and walls and
the like, as follows:

(2) ,Walls have been considered as shear - bending canti-
levers, the restraint due to relatively thin floors being
neglected.,

(b) The effect of cross-walls is considered like that of
flanges of T-beams, that is, four times the thickness is con-
sidered as width of flange if it lies only on one side and
twelve times is considered if the cross wall lies on both
sides. '

(c) For computing shear deformation, the gross area of
wall without flanges is considered, the shape factor being

taken as 1.0 for flanged sections and 1.2 for rectangular
sections. '
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In computing masses, only 50% of the live load is conside-
red to be present on the floors at the time of earthquake. The
damping in each mode is assumed as 7% of critical damping. For
the determination of total earthquake response, quadratic mode
super-position method is adopted. As an alternative model, the
calandria vault is treated as a single lumped mass connected to
El 95.10 as shown in (Fig. 5) model - 2.

RESULTS

The time periods of the structure corresponding to two
model s are given in Table 4. It is seen that for vibration in
E-W direction, the time periods do not change appreciably whereas
in N-S direction there is considerable change of time periods.
therefore, the flexibility of calandria vault should not be neg-
lected. The mode shapes are shown in Fig. 5 for both the model s
in N-S direction. The peak floor accelerations considering the
flexibility of calandria vault are tabulated in Table 5. It is
seen that in both the directions the peak floors accelerations
increase at higher floors. Using this model, the shears, moments
and deflections were computed by the quadratic superposition method.

CONCLUSIONS

The significant points brought out by this study of a reactor
building to be constructed in moderate seismic area are as follows:

1. The internal structural design adopted in a non-geismic area
turned out to be too flexible giving rise to excessive total as well
as inter-storey displacements urider the design basis earthquake.

2. The whole internal structural system needed a complete con-
ceptual change to make it laterally stiff rather than flexible.
The required stiffness could not be achieved by providing diagonal
bracing or filler walls due to practical limitations.

3. A branched lumped mass model incorporating the stiffnesses
of the columns, walls and floors as well as that of the calandria
vault is found to be appropriate for the seismic response analysis
of the internal structure.
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