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ABSTRACT DE84 007 27 2

The system seismic analysis of an innovative primary system for a large
pool type l iquid metal fast breeder reactor (LMFBR) plant is presented. In
this primary system, the reactor core is supported in a way which d i f fers s ig-
n i f icant ly from that used in previous designs. The analytical model developed
for this study is a three-dimensional f i n i t e element model including one-half
of the primary system cut along the plane of symmetry. The model includes the
deck and deck mounted components, the reactor vessel, the core support struc-
ture, the core barrel , the radial neutron shield, the redan, and the conical
support s k i r t . The sodium contained in the primary system is treated as a
lumped mass appropriately distributed among various components. The s i g n i f i -
cant seismic behavior as well as the advantages of this primary system design
are discussed in de ta i l .

INTRODUCTION JS

from the inception of nuclear power, there is a consensus that the most
attractive breeder power system is the liquid metel cooled
reactor (LMFBR) Two types of breeder system concepts,

breeder
the pool type

the,loop type systems, have been considered.
entire radioacti/e primary system sodium is contained

the pool type plant, the
in a very larye primary

vessel (typically about 22 m in dianster for a 1000 Ml,'s plant). Major com-
ponents which are. suorcerged in this large DOOI of sodium are: the reactor
core, blanket, reflector, lov.'er internal structure, core support structure,
upper internal structure, instrument tree, neutron shielding fuel handling
equipment, primary pumps, intermediate heat exchangers (IHX) and the associ- '
ated piping. In the loop type plant, the layout more closely resembles that
of a conventional LWR plant, i.e., the primary pump, the IHX and the associ- '"
ated piping are located outside of the reactor vessel. Due to high boiling
point of sodium (380°C) and its excellent heat transfer properties, a LMFBR
plant is generally operated at low operating pressure and high operating
temperatures around 500°C cr higher. The combination of low pressure and high
temperature leads to thin-walled vessel and piping design. Generally, it is
quite a design challenge to meet simultaneously both thermal and seismic
design criteria.

In this paper the system seismic analysis of an innovative primary system
for a large pool type LMFBR plant is presented. Implied in this analysis are
realistic design approaches and criteria developed in a joint effort between
Atomic International (AI) and Argonne National Laboratory (ANL) which are
employed to reduce the seismic load proposed on the structure. The nuclear
island is considered embedded down into the basemat so that the vessel support
is essentially at ground level. The safe shutdown earthquake (SSE) ground
motion is chosen to be 0.25 g ZPA for sites having a shear wave velocity of
1220 m/s (4000 fps) which should cover abo-jt 75% of the potential sites in the
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DISCLAIMER

This report was prepared as an account of work sponsored by an agency of the
United States Government. Neither the United States Government nor any agency
thereof, nor any of their employees, makes any warranty, express or implied, or
assumes any legal liability or responsibility for the accuracy, completeness, or use-
fulness of any information, apparatus, product, or process disclosed, or represents
that its use would not infringe privately owned rights. Reference herein to any spe-
cific commercial product, process, or service by trade name, trademark, manufac-
turer, or otherwise does not necessarily constitute or imply its endorsement, recom-
mendation, or favoring by the United States Government or any agency thereof.
The views and opinions of authors expressed herein do not necessarily state or
reflect those of the United States Government or any agency thereof.



U.S. Following an apparent trend in the nuclear industry for future reactor
plants, the operating basis earthquake (OBE) is set to be one-third of the
SSE.

Seismic Design Considerations and System Descriptions

In designing the primary system against the seismic loading, one of the
most important safety considerations is the relative motion of the reactor
core and the control rods. For maximum safety the movement of the reactor
core should be minimized. In a design where the core support structure is
supported from the reactor vessel bottom head, the displacement of the core is
the sum of the relative displacement of the vessel head from the support
flange and the" relative displacement of the core from the vessel head.
Although the net moment arm for the core is the same as compared to the case
where the reactor core is supported directly from the vessel support point,
these two components of the displacement generally do not move with the same
frequency. Therefore, the vector sum of these two components is usually
larger than the displacement in the case where the reactor core is supported
directly from the vessel support point assuming the same structural stiffness.

Moreover, if the reactor core is supported off the vessel head, the
reactor vessel carries both the reactor system and the entire sodium inven-
tory. The motion due to the flexibility of tha vessel is transmitted to the
reactor core while the rocking of the reactor core induces bending stresses in
the vessel head. In this case, failure of the reactor vessel would affect the
reactor core. In the hanging core support structure design however, the
reactor vessel only carries the weight of the sodium. There is no concen-
trated load at the vessel wall. This leads to a thinner reactor vessel. This
design has an important safety advantage, i.e., the failure of the reactor
vessel only means loss of sodium to the guard vessel which does not affect the
hanging core support structure and the reactor core. Also, due to less dis-
placement of the reactor core, the core support structure does net have to be
as rigid as the bottom support design. However, the core support structure
becomes more complex. Therefore, a trade off study was conducted. The hang-
ing core support structure design was fc-jnd to be more cost effective and was
selected as the reference for the concept design.

The basic reactor layout is shown in Figs. 1 and 2. Unique to this
design is the hanging core support, structure and its backup support system.
The hanging core support structure consists of four major parts. They are the
skirt and its flange, 10 box beens, the core support basket and the inlet
piping. The core support structure supports the reactor core, the core bar-
rel, the support grid, the fixed neutron shield and the redan assembly. The
reactor internals backup support system (R1BBS) consists of five columns sup-
ported from the deck by loading 10 "Belleville" springs and attached to the
lower end of the core support structure Dy a breech type lock. The RIB3S is
an additional redundant system provided for the highly unlikely event of the
core support structure failure.

The reactor deck and the primary vessel form the primary system pressure
boundary. An important design consideration is that the seismic-events should
not significantly affect the leak-tightness of the reactor deck. This is
accomplished by a very stiff deck design. The deck is a stressed skin, circu-
lar box-beam type structure constructed of carbon steel. It supports the



primary pump, the IHX, the three rotatable plugs thermal and neutron shield-
ings, the shut down heat removal systems and other equipments. The reactor
vessel, the deck and the core support structure are supported by the conical
support skirt through three bolted flanges.

ANALYSES OF THE PRIMARY SYSTEM

Preliminary structural and seismic analyses of the primary system des-
cribed above are performed by using the ANSYS finite element computer program
(2). The structural integrity of the primary system is assessed according to
Section III of the ASME Boiler and Pressure Vessel Code (3). Additionally,
the major seismic design criteria concerning reactivity control are:

• Limit the maximum differential vertical movement between control rod
and core assemblies to 4.45 cm. (1.75 in.) for the SSE. .

o Prevent liftoff of the assemblies during an OBE, which translates
into a maximum vertical acceleration of 0.76 g during the OBE.

o No crushing of core assembly ducts under horizontal OBE and SSE.

The most stringent of these is the second item above, namely no liftoff of the
subassemblies during the OBE. This criteria often resulted in very large
increases in stiffness in the core support structure (CSS). It is noted,
however, that even if a core assembly should lift off, such a displacement
would be of the order of about 1.27 cm. (1/2 in.). In addition to assuring
1 eaktightness of the deck, its maximum vertical displacement was limited to
±1.27 cm (1/2 in.).

The purposes of these analyses were to demonstrate the feasibility of the
design, to identify problem areas, and to ensure sufficient safety margin. At
this time, a rather coarse model of the entire primary system is set up so
that the system response under various loadings can be evaluated. In areas
where various design concepts are still under evaluation, such as the upper
and lower internal structures and the details of deck mounted components, only
approximate beam elements are used to represent the anticipated masses and
stiffnesses of the structures. It is expected, however, that the overall
response of the system will not be greatly altered by these local effects
because their general characteristics have been included in the model.

Model Description

In the current practice of reactor seismic analysis, the axisymmetric
model is often used. A major drawback in the axisymmetric model is that the
cross sections of the components and structures remain undeformed during the
earthquake excitation. As a result, the out-of-round vibrational modes are
neglected. This drawback may not be severe for the bottom supported reactor
core with the horizontal redan design. The current design with the hanging
support structure and the vertical redan, however, is highly nonsymmetric.
Therefc e, a three-dimensional model provides a more attractive approach. All
of the important vibration modes, including the out-of-round modes, can be
predicted in the 3-D analysis. The interaction between the deck and deck-
mounted components can also be considered.



The analytical model developed for this study is a three-dimensional
finite element model including one-half of the primary system cut along the
plane of symmetry. The sodium contained in the primary system is treated as a
lumped mass properly distributed among various components. Plots of various
parts of the model are given in Figs. 3 through 5. Figure 3 shows the deck
model which consists of the top and bottom plates, the inner and outer rings,
the radial support webs, the component penetration sleeves for the pumps and
the IHXs, and the conical support skirt. The three rotatable plugs are
considered as a lumped mass located at its center of gravity. The pumps, the
IHXs and the upper internals structure are considered as circular cylindrical
pipes with proper dimensions. The thermal and neutron shield of the deck are
treated as evenly distributed in the bottom plate of the deck. Figure 4 shows
the hanging core support structure which consists of the cylindrical skirt,
the stiffener ring, the support beams, and the bottom core support hub.
Figure 5 shows the core barrel , the radial neutron shield and the vertical
redan. The IHX penetration shell is modeled as a pipe attached to the redan,
whereas the core internals are treated as lumped mass. Finally, the reactor
vessel is treated as a circular cylindrical pipe supported directly off the
conical support skirt. Both dead weight and seismic loading are considered to
make the pri iary stress evaluation complete.

Structural Response to Dead Load

Since all the masses of various components have been included in the
model, the analysis of the primary system under dead load is straight-
forward. The gravitational force is applied to the model. The buoyancy force
exerted on the structure submerged in the sodium is accounted for by reducing
the density of the structure. The weight of the sodium in the region of the
hot'pool above the free surface of the cold pool is treated as lumped mass at
appropriate node! points. The deformed shapes of the deck and the reactor
assembly components are shown in Figs. 6 and 7. From Fig. 6, it is noted that
the maximum displacement in the deck occurs in the bottom plate which carries
both the weight of the thermal insulation and the weight of the radiation
shielding. The maximum displacement in the reactor assembly occurs at the
bottom of the core support structure as shown in Fig. 7. The redan also has
noticeable unsymmetric deformation due to the presence 5f the IHX penetration
cylinders. All these displacements, however, are ler- than 1 in. Further-
more, the deformation of the core support structure c - be reduced by
refinement in the CSS skirt stiffener and the CSS bar : areas. The results
of the analysis are summarized in Table 1. It is not that the highest
stress occurs in the beams of the core support struct ..2. This stress is
below the ASME code allowable stress.

System Seismic Response to Horizontal Earthquake Moti

The estimated seismic design spectra for this de jn effort are given in
Fig. 8. The horizontal earthquakes with these desigr .jectra are used as the
loading for the model described above. Both the QBE i the SSE arc con-
sidered. Prior to the analysis, a scoping calculatic -.-as performed. It was
found that a horizontal earthquake motion in line wit 1 core support beam
results in higher stresses than an eerthquake in a di :tion lying between two
beams. Therefore, the direction of the seismic load assumed to be parallel
to the symmetry plane of the model in the analyses.



The calculated modal participation factors for the deck and deck mounted
components are shown in Table 2. The mode shape plots of the typical modes
are shown in Figs. 9 and 10. The most dominant vibrational mode is mode 2
which is the deck mounted component swinging mode. The pumps and the IHXs
swing with the earthqiiakp motion which causes mild local bending in the deck.
This mode is the most common vibrational mode for the deck. It appears in
several different frequencies with different magnitudes. The maximum dis-
placement for the deck mounted components under the SSE is 3.43 cm. (1.35
in.). The deck distortional modes occur at freqencies greater than 8.7 Hz
where local deck distortion is accompanied by mild swinging of the in-tank
components.

The calculated modal participation factors for the hanging core support
structure and its supported components under both OBE and SSE loadings are
shown in Table 3. The mode shape plots of the typical modes are shown in
Figs. 11 and 12. The most dominant vibrational mode in this case is mode 12
which is the reactor core rocking mode with a frequency of 3.9 Hz. The entire
reactor core and core support assembly rocks back and forth. The maximum
displacement of the reactor core reaches 0.64 cm. (0.25 in.) under SSE con-
ditions. The redan in this case also rocks with some local out-of-round
deformation at the in-tank-components region. The maximum displacement in the
redan is 22.36 cm. (9 in.) under the SSE. At the present time, the IHX and
the redan sleeve are not connected to each other in the model. However, since
the displacement is not very large, no interference problem is expected. The
other significant modes ara generally related to the local out-of-rourd
deformations of the redan. Generally, tne redan out-of-round deformation is
coupled with some mild rocking motion of the reactor core and the core support
structure as shown in Fig. 11.

The stresses in various components under OBE and SSE loadings are
summarized in Table 1 together with those for the dead load. The displace-
ments of various components under seismic loads are summarized in Table 4.
These stress and displacement values are summed over all modes with modal
coefficient ratio greater than (J.I by taking the square root of the sum of the
squares. It is noted that the stress in the core support structure basket can
be reduced by local stiffening.

System Seismic Response to Vertical Earthquake Motion

The vertical earthquake with the design spectra shown in Fig. 8 is used
as the loading in the modal analysis of the primary system. Both OBE and SSE
are again considered.

The calculated modal participation factors for the deck model are given
in Table 5. The shapes of the typical modes are plotted in Figs. 13 and 14.
The most significant vibrational mode for the deck is mode 5 which is the deck
bouncing mode with a frequency of 8.7 Hz. The deck bounces up and down while
the deck mounted components swing in ana out. The vertical displacement at
the inner ring of the deck is 0.76 cm. (0.3 in.) for SSE and 0.38 cm. (0.15
in.) for OBE. The horizontal displacement at the lower end of the deck
mounted component is 0.64 cm. (0.25 in.) for the SSE. The maximum displace-
ment and stress in the deck occurs in the lower deck plate where thermal and
neutron shields are attached. The other vibrational modes are related to the
local bending of the deck mounted components as shown in Fig. 14.



The calculated modal participation factors for the hanging core support
structure and its supported componets under both OBE and SSE loadings are
given in Table 6. The mode shape plots of significant modes are shown in
Figs. 15 to 17. The most dominant vibrational mode in this case is mode 4
which is the reactor core bouncing mode with a frequency of 3.9 Hz. The
entire core and the core support assembly bounce up and down while the redan
rocks with local out-of-round deformation at the IHX sleeve region. Mode 3 is
a less severe reactor core rocking mode with a frequency of 3.8 Hz. The
reactor rocking motion is induced by the asymmetric distribution of the
redan. The rest of the vibrational modes are associated with the redan out-
of-round deformation accompanied by some mild vibration of the reactor core as
shown in Fig. 17.

A summary of the stresses and displacements in various components under
OBE and SSE conditions are given in Tables 1 and 4, respectively. It is noted
that all stresses and displacements are below the design limits except the
stress in the core support structure basket which can be reduced by local
stiffening.

Summary and Conclusions

The system response of an innovative primary system to dead weight and
seismic loading is presented. Unique to the design is a hanging core support
structure and its backup support system. The design is highly redundant and
versatile. The hanging core support structure is decoupled from the reactor
vessel so that the vessel only has the function of containing the sodium.
This has an important safety advantage, i.e., the failure of the reactor
vessel only means loss of sodium to the guard tank which does not affect the
hanging core support structure and the reactor core. As a result, the vessel
can be made thinner which results in the overall commodity saving for the
system. The bolted flange design has the advantage of ease of construction.
Unlike the bottom support design where a great deal of work has to be done
inside containment, the current core support structure including its supported
reactor internals can be fabricated outside of the containment and installed
in place without structural welding inside containment. Since in-containment
construction is on the overall project critical path, this results in a sig-
nificant saving in construction cost.

Besides providing backup support in a hypothetical case where the core
support structure is assumed fail, the columns in the RIBBS can also serve as
conduits for test cable for nuclear instrumentation. It is also possible to
use the column as a monitoring device to continuously monitor the deflection
of the reactor core.

System seismic analyses of the reference design indicate that the deck is
basically a very stiff structure with little deformation due to seismic load.
The in-tank components generally swing during earthquake with a maximum
deflection of less than 5.08 cm. (2 in.) at the lower end of the component in
a safe shutdown earthquake. Hence, no interference of the components is
expected. The redan is the most flexible structure in the primary system in
the current configuration, the deflection is localized near the IHX cylinder.
The maximum deflection is approximately 25.4 cm. (10 in.) for a safe shutdown
earthquake. Therefore, some local stiffening may be needed at the top of the
redan. The reactor core and internals generally would bounce and rock during



earthquake which cause the core support structure to become the high stress
area in the system. However, sufficient safety margin can be designed into
the core support structure to ensure safe reactor operation. As demonstrated
in the analysis, the maximum stress can be expected to be less than 20 ksi for
SSE loading after local stiffening of the core support basket. The relative
horizontal displacement of the core and the control rod drive is expected to
be less than 1.52 cm. (0.6 in.) for a safe shutdown earthquake. The vertical
relative displacement is less than 2.54 cm. (1 in.). The vertical accelera-
tion of the core is less than 0.76 g so that there is no lift off of the
reactor subassembly. In conclusion, this primary system design offers sub-
stantial advantage over previous ones and warrants further development.
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Fig. 1. Elevation View of the Primary System Layout.
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Fig. 2. Plan View of the Primary System Layout.



Fig. 3. The Deck Model

Fig. 4. The Hanging Core Support Structure Model.
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Fig. 5. The Core Barrel, the Radial Neutron Shield and the Vertical
Redan Model.

Fig. 6. Deformed Shape of the Deck under Dead Load,



Fig. 7. Deformed Shape of the Core Support Structure and its Supported
Components under Dead Load.

Table 1 Sugary of stresses In the.primary system and
the ASME code allov/abie stresses

Seismic

OBE SSE
a2, Ksi a 3 Ksi

•These high stresses w i l l be reduced by local s t i f f e n e d

ASME Code Allowable Stresses:

Stress Combination: o^ + o2 < I - 5 sm
o3 < 1.5 (1.5 SJ

Sm = 16 .2 Ks i
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Table 2. Calculated Modal Par t i c ipa t ion Factors for the Deck and Deck Mounted
Components under Horizontal Seismic Loading.

«*»•* MCDAL PARTICIPAT1CH FACTCSS «»»*»

DE

1

2
3

5
6
7
s
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25

FREQUENCY

3.425
3.472
3.572
3.574
7.044
7.431
7.624
7.771
6.672
9.152
9.315
10.67
14.95
15.55
17.53
IS .76
21.07
21.44
21.50
S3.70
24.67
27.10
27.13
27.31

' 27.43

P.FACTOR

.7621
46.57
31.67
11.69
24.33

-16.JS
26.39

-1.625
-15.15
-13.53
3S.21
6.127
37.94
63.3?

-£.453
-5.605
-2.252
-.9265
-7.453
-2.564

.1552
.2S53
16.51
2.033

-.6435

KCDE COcF.

.4452
26.47
17.00

• 6.259
3.172
1.S77
2. £40
.1668
1.1S3
1.263
2.447
.2764
.6494
.5959
.1011
.43610-01
.16570-01
• 65K0-32
•52!"!0-01
.13810-01
,7iS3D-03
.32710-02
.60460-01
.73460-02
.22740-02

H.C. RATIO

0.016S19
1.GCGC0O
0.£42137
0.236814
0.119224
0.07C290
0.1C7279
0.306302
0.044599
0.047714
0.092452
0.010443
0.024533 .
0.037623
0.G0331S
0.00183S
0.0C0626
0.030245
0.301957
0.000522
0.C0CC39
0.D00124
0.002234
0.000273
0.0000S7

EQUIV.

5fiS-7
550.0
323.5
427.5
378."
356.2
355.3
3'.3.4
1Z5.5
SE4.4
3C3.6
71?,.S
1035.
240.3
S5.1S
5S2.1
5S1.4
870.3
752.9
107.6
3S.04
5.15S
18.21
5.591
2.515
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Fig. 9. Mode Shape Plot for the Deck-Mounted Components Swinging Mode in a
Horizontal Earthquake.

Fig. 10, Mode Shape Plot for the Deck Distortion Mode in a Horizontal
Earthquake.



Table 3. Calculated Modal Participation Factors for the Hanging Core Support
Structure and its Supported Components under Horizontal Seismic
Loading.

«»*«• KCOAL PARTICIPATION FACTORS *••«#

KOBE

1

z
3
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25

FREQUBfCY

1.437
1.5J5
2.326
2.91$
2.SSI
3.153

3.269
3.355
3.451
3.485
3.693
A. 130
4.147
4.315
4.332
4.641
4.600
5.183
5.329
5.393
5.6C0
5.965
6.261
6.433

P.FACTOS

3.004
13.75
3.555
6.JT3
2.C'S
20.46

-.2623
6.259
5.725
2.79S

-13.82
104.3

-.1716
9.746

-4.119
-.7C42

.72CS
3.693

-2.493
1.792
4.551
2.154
3. 192
2.£U
6.653

CODE COEF.

13.97 •
6i.es
9.02S
10.29
4.423
28.15
.4796
8.C26
6.971
3.213
15.60
94.19
.1378
7.764
3.032
.5142
.4553
2.311
1.269
.8643
2.141
.9410
1.229
.9783
2.174

M.C. RATIO

0.145362
0.656951
0.055S45
0.109;E5
0.046553
0.2«?C-'i
0.0050>2
0.0352:6
0.O74OJ&
0.034170
0.165573
1.000003
0.001453
0.032426
0.032US
0.005459
0.005C66
0.024!;31
0.013'.73
0.0091St
0.022727
0.C09991
0.013C53
0.01C3S5
0.023079

EQUIV. MASS

24.11
23.16
45.94
74. S3
59.34
73.19
496.5
2;3.1
177.9
103.9
35.75
699.9
7349.
31.23
500.9
3S6.9
1528.
58.23
49.23
69. Z't
91."2
S3.41
41.74
46.01
45.40
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Fig. 11. Mode Shapt Plot for the Reactor Core Rocking Mode in a Horizontal
Earthquake.



Fig. 12. Mode Shape Plot for the Redan Distortion Mode in a Horizontal
Earthquake.

Table 4. Smtutary of Deformation in the Primary System under Seismic Load.

*Desir:n

Horizont^i

Ve r t i c i l

•-ore/Deck

OSE

1.50

: . . ' 5

Oiso. ( i n

SSE

•J.60

1.75

) Core

QBE

l . C - 1

.76

Ace.

.5

(g)

SSE

,'JA

;;A

Inner

Bottom

Bottom

Bottom

TOD of

Eottcn

Top cf

Ring of

of Pump

of !hX

of Lj IS

Core ;-•

of Core

Redan

Deck*'

r re l *

i a r r e l *

Horizontal

Disp.
( in)

0.01

0.3S

0.92

0.11

0.27

4."9

Ace.

0

2

1

1

0

0

t

.22

.63

.09

.22

33

.43

'6c

OBE

I
i

!

j
i

!

i
!

Vert ical

Diso.
(in')

0.03

0.01

0.03

0.03

0.39

0.40

0.4S

Ace.
(3)

0.

0.

0.

0.

o.

0.

0.

31

17

49

31

51

63

Horizontal

Disp.
( in)

0

o

1

0

0

0

9

.03

.66

.84

.23

.53

.55

.75

Ace.
(9)

0.42

5.07

2.33

2.36

0.77

0.S6

5.44

SSE

Vertical j

Disp .
( i n )

G.G6

| 0.03

i 0.07

0.06

0.74

1 0.76

0.93

Ace.

O.-JOJ

0.3-1 |

•-' . 3 C
1

C.50 ]

i.:c

1.1? !



Table 5. Calculated Modal Participation
Components under Vertical Seismic Loading

Factors for the Deck and Deck Mounted
ic Loading.

•««». KODAl PARTICIPATION FACTORS *««»•

ODE .

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
16
19
20
21
22
23
24
25

FREQUENCY

3.581
1.035
4.153
4.155
S.676
9.265
10.01
10.36
10.55
11.74
12.1S
12.71
16.02
17.14
17.77
20.67
21.15
21.68
23.92
21.45
26.21
27.22
27.41
27.46
27.64

P. FACTOR

-6.920
.2417
.££340-01
.3535
52.35

-30.60
•20.Co
6.929

-1.254
68.65

-35.6S
-1.SC6
-6.S93
4.165

-4.255
-1.303

1.292
.1S49
13.15

-2.053
-6.CZ4

.1333
-.9453
-2.052
-.4169

MODE COEF.

2.693
.91540-01
.31423-01
.3<M4
4.223
2.156
1.189
.3557
.4154D-C1
2.445
1,139
.50250-01
.98440-01
-5364D-01 •
.47S6D-01
.13053-01
.12353-01
.20690-02
.70o9D-01
-905>0-C2
.21240-01
-136CD-02
.22633-02
-6291D-02
.13140-02

H.C. RATIO

0.627SS5
0.021347
0.007340
O.070992
1-0O3COQ
0.502783
0.277323
0.033559
0.014350
0.570C55
0.P555D6
0.0117 13
0.022957
0.012509
0.011113
0.033C45
0.002J31
0.000716
0.016533
3.002112
0.004953
0.000317
0.030663
0.001167
0.0003Q6

EQUIV. MASS

425.9
413.4
341.0
522.9
128.8
199.0
220.6
201.0
243.9
489.6
393.4
3S1.9
621.7
247.5
10S.7
619.5
695.9
597.3
443.7
29.26
72.59
2.506
3.426
4.877
3.573

Fig. 13. Mode Shape Plot for the Deck Bouncing Mode in a Vertical Earthquake.



Fig. 14. Mode Shape Pot for the Deck Mounted Component Bending Mode in a
Vertical Earthquake.

Table 6. Calculated Modal Participation Factors for the Hanginu Core Support
Structure and its Supported Components under Vertical Seismic
Loading.

•*»»« KCOC.L PARTICIPATION FACTORS *•***«

OE

1
2
3
4
5
6
7

e
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25

FREQUENCY

1.972
2.OS'S
3.784
3.927
5.KC
5.135
6.670
8.C31
8.579
8.9?6
9.917
12.24
12.62
12.93
13.32
13.44
13.77
15.62
17.77
17.93
13.21
18.31
IS. 33
IS. 55
19.03

P.FACTOR

-.10323-02
-.5=?5

13.52
67.SJ

-1.519
1.&9S

-.4320
.6750

-.5520
-.1C0C3-C2

. W 1

.2776
-.7824

1.171
-.2163
-.76020-02
-.33-0

.90C7
-5.4S7

.4K1
-6.£52
- . « 3 2
-.Z02C
3.012

-.9245

KC3E COcF.

.31343-02
1.562
11.C9
51.71
.6913
.7552
.1141
.1223
• 15CC
.1A523-03
.4975D-01
.165:3-01

.42;cr-oi

.5S37O-01

.97423-02

.33^2-03

.15.CCD-0T
.27053-01
.11S5
.95Cr3-02
.1347
.91410-02
.40170-02
•5SC5O-01
.16500-01

H.C. RATIO

0.000061
0.030223
0.214471
1.003DC0
0.013:69
0.OK505
0.00220S
0.002376
0.00C501
O.OC:303
O.OO0J52
3.030320
O.0CC3i-i
0.001129
0.0301C2
o.ooa;:6
0.000253
0.000323
0.0C2292
0.000135
0.002S04
0.C00177
0.0CC573
0.C01123
0.000321

E8UIV. KiSS

.343SE*05

.3723E-05
431.3
1356.
9.943
60.61
34.39
225.4
171.8
.SSCSE«OS
37.20
132.1
74.15
31.76
141.3
1S3.5
2J4.2
15.25
141.1
2S6.1
237.4
S53.3
902.5
439.S
79.75
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Fig. 15. Mode Shape Plot for the Reactor Core Bouncing Mode Associated with a
Vertical Earthquake.

Fig. 16. Mode Shape Plot for the Reactor Core Rocking Mode Associated with a
Vertical Earthquake.



Fig. 17. Mode Shape Plot for the Redan Distortion Mode Associated with a
r Vertical Earthquake.


