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Abstract

This study is a part of the design work of the nuclear power plant in Peoples Republic of
China. The aim of the study is to select the supports for the nuclear steam supply system main
equipment in the plant reactor building. The two types of supports were investigated in the
selection process, namely, hydraulic snubbers and visco-dampers. The modeling principle for
the snubbers in the lock-up mode is elastic rod and for the visco-dampers the two parallel
connected Maxwell models with nonsymmetrical spring and damper parameters. This
modeling concept of visco-dampers has been validated against experiments. The global 3D
model was developed for the reactor building of the plant including foundation soil, civil
structures and four loops of the primary circuit. The methodology of the analysis was the
direct integration time history analysis for seismic excitation, which was directly applied at
the base node of the model. The level of seismic excitation was 0.2 g and the synthetic three
component motion was fitted to match the chosen target spectrum. The results were the
snubber and visco-damper force time histories in the supports of steam generators and
primary cooling pumps.

| INTRODUCTION

The reactor building consists of the outer containment, the inner containment, the internal
structures and the base slab with the tendon gallery. The outer containment is a
conventionally reinforced shell structure that consists of a cylinder part and a flat dome. The
outer diameter of the cylinder is 51.2 m and the top of the dome is at elevation +74.20. The
thickness of the outer containment is 0.6 m both in the cylinder part and dome. The inner
containment is a prestressed concrete shell structure that consists of a ¢ylindrical part and a
hemispherical dome. The inner surface of the containment is covered with a 6-mm thick
carbon steel plate to secure the tightness. The inside diameter of the cylinder is 44.0 m. The
height of the cylinder part is 41.2 m and the top of the dome is at level +71.60. The thickness
of the cylinder and dome are 1.2 m and 1.0 m, respectively. Inner containment is prestressed
concrete structure. The tendons are divided into two horizontal and two vertical sets, The
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horizontal tendons in the cylinder and dome will be going around the whole circumference
s0, that the anchorage is in turn on the opposite sides of the containment. The vertical tendons
are inverted U-shaped tendons and they are divided into two groups of tendons at 90 degrees
to each other. The base slab is utilized for the anchorage of the vertical tendons. Internal
structures inside inner containment are conventionally reinforced concrete structures. Both
the outer and inner containments and the internal structures are based on a round concrete
base slab, which is founded directly on the bedrock. The base slab is a conventionally
reinforced massive concrete structure that is divided into two layers by the base liner. The
both containments are supported on the lower part of the base slab and the internal structures
are supported on the upper part of the base slab. In the cenire region of the upper part of the
base slab there is concrete shear key that enters a recess in lower base slab. The aim of the
shear key is to prevent sliding between the two layers of the base siab under seismic
conditions. The primary circuit consists of four loops each having a steam generator and
coolant pump. Hot and cold legs are located in two clevations in the nozzle area of the
pressure vessel.

2 STRUCTURAL MODEL

The analysis model is created interactively with MSC/PATRAN [1] version 7.6 pre-
processor. The solver for obtained finite element model is MSC/NASTRAN version 70 [2].
account were usedto model the structure. Each node in the model has six degrees of freedom,
a translation in the X-, Y- and Z-directions and rotations around these directions. A 3D-model
was created for the whole reactor building. The 3D-model consists of the outer containment,
the inner containment, the internal structures, base slab and primary circuit with supports.
The FEM-model was formed along centre lines of the concrete structures. The number of
shell elements used to describe the concrete walls and floors is 21994. The columns in the
internal structures were described by 48 beam elements. The properties of the elements were
determined according to the concrete material properties and the nominal dimensions of the
structures. The primary circuit heavy components like reactor pressure vessel, steam
generators and coolant pumps were modelled with the aid of shell elements and piping was
modelled with beam elements having annular cross-section, the supports of the components
were modelled with elastic springs or bar elements. Foundation soil was modeled with the aid
of springs and dashpots. The properties of soil elements were calculated using elastic half-
space theory. The structural model for civil structures and primary circuit are depicted in the
following figure. Although the model is integral containing both civil structures and the
primary circuit two plots are given. These separate plots also reflect the way that the integral
model was developed. The integral model was set up by merging two models: 1) one model
consisted of foundation springs and civil structures and the other model consisted of primary
circuit, The merging was camried out by using the database import option available in
MSC/Patran. The colour code in Figure ! indicates the varying thickness of slabs and
elevations inside the containment. In the code the red mean thick structures and blue thin
structures; the spectrum extends from 0.2 meters to 3 meters.
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Figure 2 Finite element model of primary circuit together with base slab

3  LOADS

The 5 % bedrock field ground spectra according to HAF 0101(1) [3] were adopted for targets
for ground motion simulation. The horizontal ground motion spectrum was anchored to 0.2g

and the vertical ground motion spectrum was anchored to 0.1g {4]. In the following table the

spectral ordinates as functions of frequency are given in tabular form

Table | Definition of horizontal and vertical ground response spectra

Horizontal spectrum

Frequency, Hz 0.25 3.3 14.3 25 33.3 50

Horizontal acceleration, g 0.062 0.610 0.538 0.346 0.2 0.2
Vertical spectrum

Frequency, Hz 0.25 4 14.3 25 333 50

Vertical acceleration, g 0.084 0.262 0.294 0.182 0.1 0.1

The earthquake ground motion fitted to the target spectra given in Table | was generaied with

the aid of simulation program SIMQKE [5]. The generated time histories shall have the

following characteristics: [6] 1)The mean of the zero-period acceleration (ZPA} values
{calenlated from the individual time histories) shall equal or exceed the design ground
acceleration; 2)In the frequency range 0.5 to 33 Hz, the average of the ratios of the mean
spectrum {calculated from the individual time history spectra) to the design spectrum, where

the ratios are calculated frequency by frequency, shall be equal to or greater than 1; 3) No one

point of the mean spectrum (from the time histories) shall be more than 10 % below the
design spectrum. When responses from the three components of motion are calculated
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simultaneously on a time-history basis, the input motions in the three orthogonal directions
shall be statistically independent. Two time histories shall be considered statistically
independent if the absolute value of the correlation coefficient does not exceed 0.3. The
generated time history in x-direction and corresponding response spectrum together with
target spectrum are depicted in the following to figures
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Figure 3 Horizontal x-axis ground acceleration time history
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Figure 4 Horizontal x-axis ground response spectrum fit
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4 MODELING OF SNUBBERS AND VISCO DAMPERS
The snubbers were assumed to function in the analysis in the lock-up mode and the modeling

for snubbers was with the aid of elastic steel rods having a circular cross-section area of about
6 square centimetres. For the visco-dampers the four parameter Maxwell model with two
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simple serial spring and dashpot Maxwell models connected in parallel was adopted. For the
analysis the model was characterized with spring and dashpot coefficients. The visco-
dampers function in two horizontal directions having equal spring and cylinder coefficients in
both directions. The result of the response of visco-dampers was evaluated by forming the
square root of the sum of squares of the spring forces in two parallel springs. The result of the
response in snubbers was evaluated by plotting the axial force in the rod as a function of time.
The Maxwell model and its parameters as well the location sketch for snubbers and dampers
are presented in following figures

|
k) k2 J

Figure 5 Four parameter Maxwell modei and the locations of steam generator snubbers
The values of parameters k;, ka. ¢; and ¢; are given in the following table

Table 2 Parameters of the Maxwell model for the visco-damper

Type k; N/mm §c;Ns/mm | ko N/mm c; Ns/mm | Fpx N

VD-820/630/15 3.2E+05 5.14E+04 | 2.77E+05 4.18E+03 | 6.0E+05

5 SEISMIC RESPONSE CALCULATIONS

The earthquake excitation was applied to a big mass because the large mass method was used
to get the desired time history. The big mass was connected to springs and dampers that in
their turn were connected to the base slab of the reactor building. The eigenvalues and -
modes were calculated by the Lanczos method for the response spectra calculations. All
modes below 50 Hz were used in the modal transient analysis to solve the displacement,
velocity and acceleration histories for various elevations of the reactor building. Damping of
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structures was determined by the equivalent viscous damping and the damping value was 5 %
for all modes. Solution time-span was selected to be 20 seconds with an increment of 5 ms
between each calculation point. Duration of the design earthquake was 15 seconds. For
cajculating the time dependent response in snubbers and visco-dampers direct integration
time history method using Newmark was adopted. The time step was the same as the
digitisation interval of the excitation time histories, namely, 5 milliseconds,

6 RESULTS

In the following figure the time history of the axial force in one steam generator snubber is
depicted
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Figure 6 The time history of the snubber force in the lock-up position during design
earthquake
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Figure 7 SRSS value for hotizontal x- and y-components of the damper force
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7 CONCLUSION

The modeling of visco-dampers was more complex than the modeling of snubbers in locked
position. The response analysis of the model involving visco-dampers was carried out by
direct integration that enabled the inclusion in the model the non-proportional point damping
elements. The snubbers were modeled as simple rods and the response of the model with
snubbers could have been calculated alse using mode superposition method because all
damping in the model was proportional.

From response curves it can be conciuded that the use of visco-dampers reduces the support
reacticns for earthquake load significantly. Tt increases the displacement response but this
was not studied in this paper.
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