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ABSTRACT

This paper describes the seismic study of a
450-MWe liquid metal reactor (LMR) under 0.3-g SSE
ground excitation. Two calculations were perforned
using the new design configuration. They deal with
the seismic response of the reactor vessel, the guard
vessel and support skirt, respectively. In both
calculations, the stress and displacement fields at
important locations of those components are investi-
gated. Assessments are also made on the elastic and
inelastic structural capabilities for other beyond-
design basis seismic loads.

Results of the reactor vessel analysis reveal that
the maximum equivalent stress is only about half of the
material yield stress. For the guard vessel and sup-
port skirt, the stress T.evel is very small. Regarding
the analysis of inelastic structural capability, solu-
tions of the Newmark-Hall ductility modification method
show that the reactor vessel can withstand seismics
with ground ZPAs ranging from 1.015 to 1.31 g, which
corresponds to 3.37 to 4.37 times the basic 0.3-g SSE.
Thus, the reactor vessel and guard vessel are strong
enough to resist seismic loads.

INTRODUCTION

One important concern in the safety analysis of
Liquid Metal Reactor (LMR) systems is the structural
integrity during seismic events. Under such condi-
tions, structural response to seismic excitations may
cause plastic deformations and possible damage to the
system* To safely assess the structural integrity,
response analysis of the LMR to safe shutdown earth-
quake (SSE) must be performed. Also, the structural
capability and design margin for withstanding other
beyond-design-basis seismic events should be analyzed.

*Work supported by the U.S. Department of Energy,
Office of Technology Support Program, under Contract
H-31-109-Eng-38.

This paper describes a seismic time-history anal-
ysis tf a 450 MH LMR using the FLUSTR-ANL computer
program [1]. The ground zero period acceleration (ZPA)
varies from 0.2 g to 0.3 g, depending on the site shear
wave velocity (6000 fps to 2000 fps). Here,the site is
assumed to have a shear wave velocity of 2000 fps, and
the SSE ground ZPA is 0.3 g. Because of the limitation
of the computer core storage, separate calculations are
performed dealing with: (1) the reactor vessel fluid-
structure interaction analysis; and (2) the guard
vessel and support skirt analysis, respectively. Both
analyses Incorporate the new thickness of structural
members in the mathematical models.

In the present study, emphasis is placed on the
analysis of horizontal excitation in which large
stresses are generated. The possibility of impact
between the reactor and guard vessels is examined.
In the reactor vessel analysis, the effect of fluid-
strcture interaction is included. Attention is further
given to the maximum horizontal acceleration of the re-
actor core as well as the relative displacement between
the reactor core and the upper internal structure.
Note that in both reactor and guard-vessel analyses,
the seismic excitation is a 20-s time history of accel-
eration at the support. The maximum acceleration is
0.46 g. This input time history is obtained from a
simple stick-model analysis of the LMR nuclear Island
subjected to a 0.3-g E-W horizontal SSE.

In this paper, detailed analyses of reactor and
guard vessels subjected to the 0.3-g horizontal SSE are
presented first. A simplified axlsymmetric analysis
dealing with 0.3-g vertical SSE is then given, followed
by assessment of the elastic and inelastic structural
capabilities for other beyond-design-basis seismic
events. Finally, important findings are summarized,
and remarks are made. Note that at the present time,
an inelastic seismic analysis can not be performed
numerically due to limitations of the computer code and
computer facilities. An approxioate estimate of the
inelastic structural capability based on the ductility
modification method is given. Also, results presented
later are based on the assumption that sodium is con-
tained in the reactor vessel.



ANALYSIS OF REACTOR VESSEL UNDER SSE HORIZONTAL
EXCITATION

The Mathematical Model

To facilitate the numerical calculation, a 180°
sector of the finite element Is developed. Figures 1
and 2 provide the computer-generated plots describing
the isoparametric and elevation views of the SAFR
reactor. In the mathematical model, important struc-
tural components are included, such as the reactor
vessel, Upper Internal Structure (UIS), IHXs, pumps,
cold trap, redan' assembly, and the core-support struc-
ture (CSS). In the analysis, the fluid Is simulated by
the eight nodes fluid element. The RV and redan are
represented by the Resultant Stress Degenerated Shell
(RSDS) elements. Major in-tank components, thermal
liner, skirt extension of the shield barrel, and the
core-support structure (including the shield barrel and
core-support cylinders) are approximated by beam ele-
ments. The beam element simulating the core support
structure is laterally supported by the redan and the
reactor bottom head at the top and bottom of the core,
respectively.

Since in this detailed 3-D analysis the response
of the reactor vessel (RV) and major components are
calculated simultaneously by solving the fluid and
structural governing equations, the effect of fluid-
structure interaction is appropriately considered.
This is quite different from the simple stick-model
analysis or conventional lump-mass technique, where
the reactor vessel is represented by a stick or a
shell, and no fluid-structure coupling calculation
is considered.

The Stress Field

Because of the reduction in the thicknesses for
many important structural members, an increase in the
stress values is expected. Such equivalent stress is a
scaled value obtained from the stress tensor at a given
location. It represents the local stress level and has
the form [2].
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in which ax, a and az are normal stresses with re-
spect to three orthogonal axes; °xy, °yZ> and o z x are
the shearing stresses. Once the equivalent stress is
calculated, It can be compared with the material yield
or ultimate stresses to determine the characteristic of
the subsequent structural response.

For illustration, Table 1 provides the maximum and
minimum values of moments (Mil, M12, and M22), shear
forces (Ql and Q2), stress components (ell, C12, and
O22), and the equivalent stress "e, as well as their
corresponding elements (see Fig. 2).

From the results, it is found that the maximum
absolute value of the shear stress is about 4556 psi,
which occurred at element 27 of the second row close to
the support and about 90° away from the E-W direction
of seismic excitation. The computed equivalent stress
is 7900 psi, which is considerably smaller than the
material yield stress of 17,000 psi (316 SS annealed.

95°F). Also, from Table 1, the naxlmua hoop and axial
stresses due to the horizontal seismic excitation are
5233 and 5173 psi. These stresses occur at element 217
(vessel lower head junction) and 1 (upper vessel near
support), respectively.

To demonstrate the numerical analysis, stress his-
tories and its Fast Fourier Transform (FFT) at elements
217 and 1 mentioned above are presented in Figs. 3 and
4. Results of all FFT frequency plots further reveal
that the dominant frequency is about 7.05 Hz. Although
the frequency of the support motion (4.35 Hz) is visi-
ble, it is overshadowed by the dominant frequency of
the vessel motion.

The Displacement Field

The displacement time history and FFT at the bot-
tom of the UIS and the top of the core are shown in
Figs. 5 and 6. They indicate that the maximum dis-
placement of the UIS and the core is 0.049 in and 0.144
in, respectively. They occur almost at the same time,
i.e., t » 8.17 s. The sum of the absolute value of the
two displacements is only 0.193 in, which is well below
the design limit of 2.2 in. Displacements near various
in-tank compnents are also investigated.

Basically, the vessel, core, pump well, and cold
trap move in unison, having a frequency of 7.05 Hz. He
have found that because of reductions of thickness for
the RV and RV lower head, the displacement at the bot-
tom of the vessel-core barrel junction is much larger
than that of the previous design. The x-component
displacements for the new design is about 0.17 in,
compared with 0.087 in calculated from the previous
design [3]. The maximum lateral displacement and the
dominant frequency at several important locations are
summarized in Table 2.

One concern to the reactor safety analysts is the
acceleration of the reactor core. The maximum accel-
eration of the reactor core, a, can be obtained from a
simple analytical formula [3]

f • I?]* (2)

where f and d are the maximum frequency and displace-
ment, respectively. For the case of the new LMR design
studied here (d » 0.16 in and f « 7.05 Hz), the maximum
acceleration of the reactor core is 0.81 g. This value
is much smaller than the allowable core acceleration of
3.5 g under SSE conditions.

ANALYSIS OF GUARD VESSEL AND SUPPORT SKIRT UNDER SSE
HORIZONTAL EXCITATION

The Mathematical Model

Figures 7 and 8 provide isoparametric, elevation,
and cross-sectional views of the guard vessel and sup-
port skirt generated from the mathematical nodel used
in the seismic analysis. The input horizontal E-W no-
tion is the same acceleration time history used in the
reactor vessel fluid-structure interaction analysis.
It has a duration of 20 s and a maximuM acceleration of
0.465 g occurring at t - 8.1 s. The integration tiae
step is 0.00625 s.

In the numerical analysis, the guard vessel lower
head is approxlaated by fifty-four (54) thin-shell
Resultant Stress Degenerated Shell (RSDS) elements.



The GV cylinder wall is simulated by sixty (60) RSDS
elements. The reactor support transfers all static and
dynamic loads from the reactor assembly and guard ves-
sel to the reactor cavity support ledge. It consists
primarily of a bimetallic cone-type structure that is
three Inches thick. The upper and lower portions oE
the cone are modeled by twenty-four (24) shell ele-
ments. Element and nodal numbers at several specific
locations are given in Fig. 8 for the purpose of illus-
trating and presenting the results. Large stresses
are found near the support skirt. The material yield
stress is important for interpreting the results. At
260°F, the yield stress of the upper skirt (316 SS
annealed) is 26,000 psi, whereas the yield stress for
the lower skirt and upper guard vessel (2-1/4 Cr-1 Mo)
is 34,000 psi. A yield stress of 27,000 psi at other
parts of the guard vessel (600°F) is not cited in the
interpretation of the results since the stresses are
very low.

The Stress Field

The stress fields are of importance to the reactor
designers and safety analysts. The maximum and minimum
values of moments (Mil, M12, and M22), shear forces (Ql
and Q2), stress components (O[j, oi2> an^ CT22^> an<* t n e

equivalent stress ce, as well as the occurring cycle,
are listed in Table 3.

From the results shown in Table 3, It is seen that
the maximum shear stress is about 545 psi and occurs at
element 132, corresponding to the 90° location at the
upper portion of the support skirt. The maximum equiv-
alent stress computed at element 132 (upper skirt 90°
location) is about 945 psi, which is far below the
material yield stress of 17,000 psi.

The response of the support skirt is of signifi-
cance in the design since it carries the weight of the
reactor vessel and in-vessel components, as well as the
guard vessel. The shear stress and frequency plots at
element 132 of the upper skirt are presented in Fig. 9
to illustrate the analysis. The maximum shear stress
takes place at element 132, approximately 90° away from
the east direction, the direction of seismic excita-
tion. At element 138, which is 180° away from the east
side, the absolute values of the stress components are
the same as those at element 127 of the 0° location
except the change of sign conventions.

Regarding the stress field of the guard vessel, we
have found that the stress levels are very small. The
maximum axial stress occurs at element 103 (first row,
0° location), whereas the maximum shear stress takes
place at element 109 (first row, 90° location). The
maximum values are only 106 and 117 psi, respectively.
We have also found that the maximum hoop stress of the
guard vessel occurs at element 66 (junction of cylin-
drical vessel and lower head, 180° location), which has
a value of 66 psi. For illustration, the axial stress
of element 103 (first row, 0° location) and its FFT are
given in Fig. 10.

The Displacement Field

The displacement field is also of interest to
reactor safety analysts and designers, particularly the
component of the x-direction where large shear stress
occurs. Results indicate that the horizontal displace-
ment relative to the support are small. It probably
can be inferred that both the skirt and the guard
vessel will move together with the concrete support
ledge as a rigid body during the seismic excitations.

A concern may also arise regarding the possibility
of impact between the reactor and the guard vessels.
To analyze such a possibility, we have found that the
maximum lateral displacements of the reactor vessel and
guard vessel at the junction of the cylindrical shell
and the lower head are 0.149 and 0.0033 in, respective-
ly. They occur at approximately the same time, i.e.,
t » 8.17 s. The sum of the absolute values is only
0.152 in, which is far below the 6.75-in nominal annu-
lar clearance between these two vessels. Thus, one can
conclude that the vessel impact will not occur during
the 0.3-g SSE.

ANALYSIS OF REACTOR AND GUARD VESSELS UNDER SSE
VERTICAL EXCITATION

Here, we provide the results of stress analysis
for the vertical excitation. To simplify the analysis
and to reduce the computer cost, an axisymmetric model
has been developed. In this model, the in-tank compo-
nents such as IHXs, pumps, etc. were not considered.
Instead, regions occupied by these components are
assumed to be filled with sodium. Two calculations
were performed. The first one deals with a static
analysis which calculates the stress field generated
from the dead load of LMR. The second one, on the
other hand, is a dynamic analysis that computes the
stress field caused by the vertical motion at the
reactor-support ledge. Note that in the dynamic anal-
ysis, the acceleration-time history of the support
ledge obtained from a stick-model analysis of the 0.3-g
vertical SSE is used as the input. Also, the ampli-
tudes of the input acceleration have been reduced
through a multiplication factor of 2/3 (0.667).

Calculations of the static and dynamic analyses of
a reactor vessel with fluid-structure interaction under
vertical excitation are performed. We have found that
all shear stresses are small. This Is quite different
from the case of horizontal excitation where shear
stresses are of dominant values. Results further
indicated that the maximum stresses are much lower than
those obtained in the horizontal exciation analysis.
The maximum equivalent stress occurs at element 378
(3-D model, junction of RV and CCS), which has a value
of 4972 psi.

For the guard vessel and the support skirt gener-
ated from the vertical support motion, larger stresses
are generated at the upper and lower skirts which carry
the loadings of the RV and other structural components.
The maximum stress is about 1842 psi, larger than
that of the horizontal-excitation analysis. However,
because the skirt Is relatively thicker (3"), the
stresses are found to be smaller than those of the
critical positions along the RV.

STRUCTURAL CAPABILITY FOR BEYOKD-DESIGN-BASIS SEISMIC
EVENTS

Elastic Capability

Elastic structural capability is of importance in
the safety analysis since within this limit no perma-
nent deformation and structural damage will occur. To
determine the maximum ZPA of ground excitation corres-
ponding to the material yield strength, the maximum
stresses due to both horizontal and vertical seismic
events are calculated by the SRSS method and presented
here.

Table 4 gives the maximum equivalent stresses
at important locations along the reactor vessel (sec



Fig. 2), i.e., at elements 1 (first row, 0° location),
9 (first row, 90° location), 17 (first row, 170°
location), 27 (second row, 90° location), 156 (near
junction of RV and baffle plate), 217 (vessel-lower
head junction), and 378 (RV-CSS junction, 90° loca-
tion). From Table 4, it can be seen that the equiva-
lent stress generated from the combined action of the
three stress components is about 8700 psi. This value
is considerably smaller than the material yield stress
of 17,000 psi (SS 316 annealed). The ratio of the max-
imum equivalent stress to the material yield stress is
about 1.0 to 1.95. This implies that for the new LMR
design, the response of the reactor vessel will remain
in the elastic regime if the ground excitation has a
ZPA of 0.586 g, equivalent to a Richter magnitude of
7.5.

Similar to the reactor vessel analysis, equivalent
stresses at several locations of the support skirt and
guard vessel are presented in Table 5. These Include
locations of 3-D model corresponding to elements 127
and 132 of the upper 3kirt, 115 and 120 of the lower
skirt, as well as element 109 of the upper guard
vessel. Again, stresses generated from the horizontal
and vertical excitations are taken from 3-D and axisym-
metrlc analyses, respectively. From the results, it is
found that the maximum equivalent stress is about 2,030
psi, which occurs at the lower support skirt and is far
below the material yield stress of 26,000 psi (316 SS
annealed at 260°F). The ratio of the maximum equiva-
lent stress to the material yield stress is about 1.0
to 12.80. This means that without the presence of
sodium in the annular region between the reactor and
guard vessels, the response of the guard vessel and
support skirt will remain in the elastic regime even if
the ground excitation has a ZPA of 3.84 g.

Inelastic Capability

Because of the energy-absorption capability,
the reactor components generally can withstand more
severe seismic events than those mentioned above. As
described by Newmark and Hall [4], energy absorption in
the inelastic range is commonly handled through the use
of the so-called ductility ratio, defined as

(3)

where u_ and are the ultimate and effective elastic
displacements, respectively [4].

The effects on the response of a structure deform-
ing Into the inelastic regime based on Newmark-Hall
"ductility modified response spectra" [4] is briefly
described here. In general, for small displacements
into the inelastic range when the latter is considered
to be approximated by an elasto-plastic resistance
curve, the response spectrum is decreased generally by
a factor which is one over the ductility factor. By
analyzing simple one-degree-of-freedom systems with
base excitation corresponding to a number of different
recorded earthquake time histories, it was shown that
the ductility factor could be approximated by

(4)

where U is the ductility ratio as defined in Eq. (2).

Once the ductility factor is determined, the elas-
tic response spectrum of acceleration io then reduced
by a factor of l/|i for the frequency of less than 2.0
Hz and by a factor of 1/F [see Eq. (4)J in the fre-
quency between 2.0 and 8.0 Hz. There is no reduction
beyond about 33.0 Hz. With this approximation, on can
arrive at design spectra that take account of inelastic
response for material with elasto-plastlc behavior.

Of course, determination of ductility ratio is not
an easy task. Many complicated factors are involved
leading to the determination of this raio Including:
(a) observations of performance of structures in earth-
quake; (b) interpretation of laboratory tests; (c) ob-
servations of damage to structures in the nuclear
tests; and (d) system safety [4].

The above-mentioned Newmark-Hall technique gener-
ally applies to response spectrum seismic analysis.
The nonlinear response of structures Is analyzed by the
linear elastic method via a reduced Input acceleration
spectrum. Here, we assumed that such a scheme Is also
applicable to the time-history method. Furthermore, we
assume that both the reactor and guard vessels belong
to the Class-II structures [4]. Thus, the ductility
ratio V can be assumed to be equal to 2.0-3.0. Using
Eq- (4), it can be readily seen that the factor of
acceleration reduction is about 1.732 to 2.236, based
on M = 2.0-3.0. Modifying this factor to the beyond-
design-basis seismic events of reactor and guard ves-
sels (0.59 g and 3.84 g, respectively), one can show
that the RV and guard vessel can withstand beyond-
design-basis selsmics with peak accelerations ranging
from 1.01-1.31 g and 6.65-8.59 g, respectively. These
correspond to 3.37-4.37 times the 0.3-g SSE for the
reactor vessel, and 22.17-28.63 times the basic 0.3-g
SSE for the guard vessel (no sodium) and support
skirt.

CONCLUSIONS

From the results of this study, several important
conclusions can be drawn as follows:

1. The magnitude of stress components generated from
the horizontal 0.3-g SSE varies along the circumference
of the reactor and guard vessels. The maximum axial
and hoop stresses occur at 0° and 180° locations,
whereas the maximum shear stress takes place at the
90" location.

2. The dominant frequency of the reactor vessel sub-
jected to 0.3-g horizontal SSE is about 7.05 Hz. The
overall response of the reactor vessel Is found to be
small. More specifically, the maximum equivalent
stress and lateral displacement are 7,900 psi and 0.17
in, respectively. The maximum horizontal acceleration
of the reactor core is 0.81 g, whereas the maximum
relative lateral displacement of the UIS and reactor
core (i.e., the displacement of the top of the reactor
core with respect to the bottom of the UIS) is only
0.15 in. These two values are considerably less than
the core design limits, where the Halt of the maximum
core horizontal acceleration is 3.5 g, and the limit of
the maximum relative displacement between the UIS and
the reactor core Is 2.2 in.

3. Except at a few places, moment and forces acting
on the in-vessel components under horizontal excitation
are also slightly increased. The variations of these
values between the new and old designs Is about 15Z.
Stress fields generated by the seismic moments and
forces are found to be quite small.



4. Regarding the concern of the Impact between the
reactor and guard vessels during horizontal excitation,
solutions of displacement plots of the two detailed
analyses showed that the maximum relative lateral dis-
placenent Is only 0.15 In, which is much smaller than
the 6.75-tn nominal annular clearance between these two
vessels. Thus, one can conclude that the reactor-guard
vessel impact will not occur during the 0.3-g SSE.

5. The ultimate Inelastic structural capability is
calculated by the Newmark-llall ductility modification
method. We estimate that the RV can withstand seismic
events with ground ZPAs ranging from 1.01 to 1.31 g,
which corresponds to 3.37-4.37 times the basic 0.3-g
SSE.

6. The inelastic structural limit of the guard vessel
and support skirt is much higher than the reactor veB-
sel due to the relatively lower seismic stress gener-
ated from the 0.3-g SSE. This is due to the fact that
the support skirt is much thicker than the reactor
vessel and that the guard vessel only carries its own
weight (no sodium). From the approximated estimations
of the structural capabilities, it is felt that an
adequate safety margin has been provided for both the
reactor and guard vessels in the LMR design.
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Table 1. Maximum and Minimum Stress Fields of Reactor Vessel
Under SSE Horizontal Excitation

Mil
M12
M22
Ql
Q2
on
012
022

°e

(in-lb)
(in-lb)
(in-lb)
(lb)
(lb)
(pal)
(psi)
(psi)
(psi)

Element
No.

419
422
419
420
435
217
156
1
27

Location

Redan-cold trap junction
Redan-pump junction
Redan-cold trap junction
Redan-cold trap junction
Redan-pump junction
Vessel-lower head junction
RV-baffle junction
First row, 0°
Second row, 90"

Maximum
Value

4,139.5
1,865.1
10,342.6
2,234.8
1,843.4
5,182.9
4,497.6
5,144.8
7,902.8

Element
No.

419
422
419
420
435
217
27
17

Location

—
—
—
—
—
—

First Row, 170°

Minimum
Value

-4,500.7
-1,798.6

-11,288.5
-1,936.2
-1,769.5
-5,233.7
-4,556.7
-5,173.9

Note: — Defined before

Table 2. Maximum Lateral Displacement and Dominant
Frequencies at Various Locations under SSE
Horizontal Excitation

Bottom
Top of
Bottom
Bottom
Bottom
Top of
Top of
Redan

of UIS
Core
of Core
of IHX-1
of IHX-2
Pump Hell
Cold Trap

Maximum
Disp. (in.)

0.049

0.i44
0.170
0.449
0.354
0.152
0.158*
0.068*

f
(Hz)

9.20
7.05
7.05
7.05
7.05
7.05
7.05
9.0

•Maximum displacement at base of pump well and cold trap



Table 3. Maximum and Minimum Stress Field of Guard-Vessel and Support-Skirt Under SSE
Horizontal Excitation

Element
No. Location

Maximum
Value

Element
No. Location

Mialnua
Value

Mil
M12
Ql
Q2
'Ul
<H2
0 22

(In-lb)
(ln-lb)
db)
(lb)
(psl)
(pal)
(psl)

(pal)

127
120
119
115
127
132
115
132

Upper
Lower
Lower
Lower
Upper
Upper
Lower
Upper

skirt,
skirt,
skirt,
skirt,
skirt,
skirt,
skirt,
skirt,

0°
90°
90°
0°
0°
90°
0"
90°

330.19
15.15
7.17

290.62
242.94
545.10
451.67
945.63

138
132
120
126
138
132
126

Upper skirt 180°

Lower skirt, 180°

-330.19
-16.02
-290.62
-290.62
-242.94
-474.71
-451.67

Note: — Defined before

Table 4. Maxlumum Stresses at Various Locations of Reactor Vessel Under
Combined SSE Horizontal and Vertical Seismic Excitations

Element No.

3-D
Model Location

Maximum Equivalent Stress (psl)

Horizontal
Excitation

Vertical
Excitation

Combined
Excitations

1 First row, 0°
9 First row, 90°
17 First row, 170°
27 Second row, 90°
156 RV-baffle junction
217 RV-lower head junction
378 RV-CSS junction

4875
7789
5114
7902
7803
4871
2015

1740
1740
1740
3561
3578
2938
4972

5176.2
7981.0
4501.9
8667.3
8584.2
5688.4
5365.0

Table 5. Maxiumum Stresses at Various Locations of Guard Vessel and Support
Skirt Under Combined SSE Horizontal and Vertical Seismic Excitations

Element No.

3-D
Model Location

Maximum Equivalent Stress (psl)

Horizontal
Excitation

Vertical
Excitation

Combined
Excitations

127
132
115
120
109

Upper skirt, 0°
Upper skirt, 90°
Lower skirt, 0°
Lower skirt, 90°
Upper vessel, 90°

405
945
406
845
203

1471
1471
1842
1843
195

1525.7
1748.4
1887.2
2027.5
281.5
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Fig. 3. Hoop Stress and FFT Near Vessel-Lower Head Junction Under Horizontal Excitation
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Fig. H. Axial Stress and FFT Near Upper Vessel Under Horizontal Excitation
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Fig. 5. Horizontal Displacement Time History and FFT at the Bottom of the UIS
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Fig. 6. Horizontal Displacement Time History and FFT at the Top of the Reactor Core



Fig. 7. Isoparametric View of the Guard Vessel
and Support Skirt

Fig. 8. Elevation View of the Guard Vessel
and Support Skirt
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Fig. 9. Shear Stress and FFT at Eleaent 132 Under Horizontal Excitation
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Fig. 10. Axial stress and FFT at Element 103 of Gurad Vessel Under Horizontal Excitation


