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1. INTRODUCTION

1.1 General

To address local wall thinning of the Oyster Creek drywell, GPUN has
planned to prepare a supplementary report to the Code stress report of
record [1-1). For convenience, the supplementary report 1 divided
into two parts. Part 1 of the supplementary report [1-2) includes all
of the Code stress analysis results other than the buckling capability
for the drywell shell, This report addresses the buckling capability
of the drywell sheli shown in Figure 1-1 and constitutes the second
part of the supplementary report. Buckling of the entire drywell
shall is considered in this analysis with the sanduved region being the
area of primary concern.

1.2 Report Qutline .

Secti~ * of this report nutlines the methodoloyy used in the buckling
capabiiiy, evaluation. Finite element modeling, analysis and results
are described in section 3. Evaluation of the allowable compressive
buckling stresses and comparisons with the calculated compressive
stresses for the iimiting load corhinations are covered in section &,
Section 5 presents the summary ot results and conclusions.

1.3 References

1-1 *Structural Design of the Pressure Suppression Containment
Vessels,” by Chicago Bridge & Iron Co.,Contract # 9-0971, 1985,

1-2 “An ASME Section VIII Evaluation of the Oyster Craek Drywell," GE
Report No. 9-1, DRF# 00664, November 1990, prepared for GPUN.
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2. BUCKLING ANALYSIS METHODOLOGY

2.1 Basic Approach

The basic approach used in the buckling evaluation follows the
methodology outlined in the ASME Code Case N-284 [References 2-1,
2-2). Following the procedure of this Code Case, the allowable
compressive stress is evaluated in three steps.

In the first step, a theoretical elastic buckling stress, Ojes 18
determined. This value may be calculated either by classical buckling
equations or by finite element analysis. Since the drywell shell
geometry 1s complex, a three dimensional finite element analysis
approach is followed using the eigenvalue extraction technique. More
details on the eigenvalue determination are given in Section 3.

In the second step, the theoretical elastic buckling stress is
modified by the appropriate capacity and piasticity reduction factors.
The capacity reduction factor, @;, accounts for the difference between
classical buckling theory and actual tested buckling stresses for
fabricated shells. This difference is due to imperfections inherent
in fabricated shells, not accounted for in classical buckling theory,
which can cause significant reductions in the critical buckling
stress. Thus, the elastic buckling stress for fabricated shells is
given by the product of the theoretical elastic buckling stress and
the capacity reduction factor, i1.e., 04.a;. When the elastic buckling
stress exceed; the proportional limit of the material, a plasticity
reduction factor, n;, is used to account for non-linear material
behavier. The inelastic buckling stress for fabricated shells is
given by nia04,.

In the final step, the allowable compressive stress is obtained by
dividing the buckling stress calculated in the second step by the
safety factor, FS:

Allowable Compressive Stress = "1°i°1e/FS

o ]
1
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In Reference 2-1, the safety factor for the Design and Level A & B
service conditions is specified as 2.0. A safety factor of 1.67 is
specified for Level C service conditions (such as the post-accident
flooaed condition),

The Determination of appropriate values for capacity and plasticity
reduction factors is discussed next.

2.2 Determination of Capacity Reduction Factor

The capacity reduction factor, a;, is used to account for reductions
in actual buckling strength due to the existence of geometric
imperfections. The capacity reduction factors given in Reference 2-1
are based on extensive data compiled by Miller [2-3]. The factors
appropriate for a spherical shell geometry such as that of the drywell
in the sandbed region, are shown in Figure 2-1 (Figure 1512-1 of -
Reference 2-1), The tail (flat) end of the curves are used for
unstiffened - @lls. The curve marked ’Unifaxial compression’ s
applicable since the stress state in the sandbed Eogion is compressive
in the meridional direction but tensile in the circumferential
direction. From this curve, a; is determined to be 0.207.

The preceding value of the capacity reduction factor 1is very
conservative for two reasons. First, it is based on the assumption
that the spherical shell has a uniform thickness equal to the reduced
thickness. However, the drywel)l shell has a greater thickness above
the sandbed region which would reinforce the sandbed region. Second,
it is assumed that the circumferential stress is zero. The tensile
circumferential stress has the effect of rounding the shell and
reducing the effect of imperfections introduced during the fabrication
and constryction phase. A modification of the a; value to account for
the presence of tensile circumferential stress is discussed in
Subsection 2.3.

The capacity reduction factor values given in Reference 2-1 are
applicable to shells which meet the tolerance requirements of NE-4220

2-2
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of Section IIl [2-4). Appendix A of Reference 2-5 compares the
tolerance requirements of NE-4220 to the requirements to which the
Oyster Creek drywell shell was fabricated. The comparison shows that
the Oyster Creek drywell shell was erected to the tolerance
requirements of NE-4220 Therefore, although the Oyster Creek drywell
is not a Section IIl, NE vessel, it is justified to use the approach
outlined in Code Case N-284,

2.3 Modification of Capacity Reduction Factor for Hoop Stress

The orthogonal tensile stress has the effect of rounding fabricated
shells and reducing the effect of imperfections on the buckling
strength. The Code Case N-284 [2-1 and 2-2] notes in the last
paragraph of Article 1500 that, “The influence of internal pressure on
a shell structure may reduce the initial imperfections and therefore
higher values of capacity reduction factors may be acceptable. -
Justification for higher values of a; must be given in the Design
report.”

The effect of hoop tensile stress on the buckling strength of
cylinders has been extensivelly documented [2-6 through 2-i1]. Since
the methods used in accounting for the effect of tensile hoop stress
tor the cylinders and spheres are similar, the test data and the
methods for the cylinders are first reviewed. Harris, et al [2-8]
presented a comprehensive set of test data, including those from
References 2-7 and 2-8, which clearly showed that internal pressure in
the form of hoop tension, increases the axial buckling stress of
cylinders. Figure 2-2 shows a plot of the test data showing the
increase in buckling stress as a function of nondimensional pressure.
This 1increase in buckling caepacity is accounted for by defining a
separate reduction factor, a,. The capacity reduction factor a; can
then be modified as follows:

Himod ° ¥ *

2-3
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The buckling stress in »niaxial compression for a cylinder or a sphere
of uniform thickness with ne internal pressure is given by the
following:

Sc » (0.608)(a;)EL/R
- (0.608)(0.207) Ei/R

Where, 0.605 1s a constant, 0.207 is the capacity reduction factor.ay,
and E,t and R are Young's Modulus, wall thickness and radius,
respectively. In the presence of a tensile stress such as that
produced by an internal pressure, the buckling stress is given as
follows:

Sc.mod = (0.605)(ay + ap)Et/R
= (0.605)(0.207 + ay)Et/R
» [(0.605)(0.207) + AC] Et/R :

where AC is ap/o.GOS and is given for cylindrical geometries in the
graphical form in Figure 2-3. As can be seen in Figure 2-3, AC is a
function of the parameter Xe(p/4E)(2R/t)?, where ,p, is the internal
pressure. Miller [2-12] gives the following equation that fits the
graphical relationship between X and AC shown in Figure 2-3:

AC = ap/o.sos = 1.25/(5+1/X)
The preceding approach pertains to cylinders. Along the similar
lines, Miller [2-13] has developed an approach for spheres as
described next.
The non-dimensional parameter X is essentially (og/E)(R/t). Since in

the case of a sphere, the hoop stress is one-half of that in the
cylinder, the parameter X is redefined for spheres as follows:

X(sphere) = (P/BE)(2R/t)?

2-4
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When the tensile stress magnitude, S, 1is known, the eguivalent
internal pressure can be calculated using the expression:

p= 2tS/R

Based on a review of spherical shell buckling data [2-14, 2-1§),
Miller [2-13] proposed the following equation for AC:

AC(sph.re) - ‘.06/(3,2‘ + X/X)

The modified capacity reduction factor, @i mod’ for the drywel)
geometry was obtained as follows:

af.MOd = 0.207 + Ac(sphere)/°'5°5
2.4 Determination of Plasticity Reduction Factor .

When the elastic buckling stress exceeds the proportional limit of the
material, a plasticity reduction factor, my, is used to account for
the non-linear material behavior. The inelastic buckling stress for
fabricated shells 1s given Ly nya@,0,,. Reference 2-2 gives the
mathematical expressions shown below [Article -1611 (a)] to calculate
the plasticity reduction factor for the meridional direction elastic
buckling stress. & is equal to @;04,/0, and 0, is the material yield
strength. Figure 2-4 shows the relationship in graphical form.

n; = 1.0 if & < 0.5
(0.45/8) + 0.8 if 0.55 ¢4 ¢ 1.6
1.31/(1+1.153) if 1.6 <A g 6.25
1/ if A > 6.25

2.5 References
2-1 ASME Boiler and Pressure Vessel Code Case N-284, ‘“Metal

Containment Shell Buckling Design Methods, Section III, Division
1, Class MC", Approved August 25, 1980.
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3. FINITE ELEMENT MODELING AND ANALYSIS

5.1 Finite Element Buckling Analysis Methodolngy

This evaluation of the Oyster Creek Drywe'! buckling capability uses
the Finite €lement Analysis (FEA) program ANSYS [Reference 3-1]. The
ANSYS program uses a two step eigenvalue formuiation procedure to
perform linear elastic bucklirg analysis. The first step is a static
analysis of the structure with all anticipated loads applied. The
structural stiffness matrix, (K), the stress stiffness matrix, [S],
and the applied stresses, 0,,, are developed and saved from this
static analysis. A buckling pass 1is then run to solve for the
eigenvalue or load factor, for which elastic buckling 1s predicted
using the equation:

(([K)+2([S]) (u)=0

where: A is the eigenvalue or load factor.
(u) 15 the eigenvector representing the buckled shape of
the structure.

This load factor is a multiplier for the applied stress state at which
the unset of elastic buck)ing will theoretically occur. All applied
loads (pressures, forces, gravity, etc...) are scaled equally. For
example, a load factor of 4 would indicate that the structure would
buckle for a load condition four times that defined in the stress
pass. The critical stress, o.,, at a certain location of the
structure 1s thus calculated as:

fep * 4 0y

Tn1s theoretica: elastic buckling stress is then modified by the
capacity and plasticity reduction factors to determine the predicted
buckling stress of the fabricated structure as discussed in Section 2.
This stress is further reduced by a factor of safety to determine the
allowable compressive stress.

3-1
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3.2 Finite flement Mode)

The Oyster Creek drywell has been previourly anatyzed wusing a
simplified axisymmetric model to evaluate the buckling cspapility in
the sandbed region [Reference 3-2). This type of analysis
conservatively neglects the vents and reinforcements around the vents
which significantly increase the stiffness of the she'l near the
sandbed region. In order to more accurately determine the buck!ing
capability of the drywell, a three dimensional finite element model 1s
developed.

The geometry of the Oyster Creek drywell 1s shown in Figure 31
Taking advantage of symmetry of the drywell with 10 vents, a 36°
section is modeled. Figure 3-2 illustrates the finite element model
of the drywell. Tris mode! includes the drywell shell from the base
of the sandbed region to the top of the elliptica) head and the vent
and vent header. The torus is not included in this model because the
bellows provide a very flexible connection which does not allow
significant structural interaction between the Jdevwell and torus.

Figure 3-3 shows & more detatled view of the lower section of the
drywell model. The varfous colors on Figures 3.2 and 3-3 represent
the different shell thicknesses of the drywell and vent. Nominal or
as-designed thicknesses, summarived in Table 3-1, are used for the
drywell shell for all regions other than the sandbed region. The
sandbed region shown in blue in Figure 3-3 {s considered to have a
thickness of 0.700 inch. This 45 less than the 95% confidence
projected thickness for outage 14R. Figure 3-4 shows the view from
the inside of the drywell with the gussets and the vent jet deflector.

The drywel) and vent shell is modeled using the 3-dimensional plastic
quadrilateral shell (STIF43) element. Although this element has
plastic capabilities, this analysis is conducted using only elastic
behavior. This element type was chosen over the elastic quadrilateral
shell (STIF63) element because it is better suited for modeling curved
surfaces.

3-2
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At @ distance of 76 inches from the drywell shell, the vent s
simplifiea using beam elements. The transition from shell to beam
elements is made hy extending rigid beam elements from a node along
the centerline of the vent radially outward to each of the shell nodes
of the vent, ANSYS STIF4 beam elements are then connected to this
centerline node to mode! the axia) and bending stiffness of the vent
and header. Spring (STIF14) elements are used to model the vertical
header supports inside the torus. ANSYS STIF4 beam elements are also
used to mude! the stiffeners in the cylindrical region of the upper
drywell. The section properties of these stiffeners are summarized in
Table 3-2.

The sandbed region at the base of the drywel] was designed Lo provide
a smooth transition to reduce thermal and mechanical discontinuities.
The sand provides lateral supnort to the drywell sphere in this
region. The foundation stiffness for the sandbed s considered to be
366 psi/in per Reference 2.4.10 of Reference 3-2. ANSYS STIF14 spring
elements are extended radially outward from each node of the shell in
the sandbed region to model the sand support as shown in Figure 3-3.
The stiffness for each of these sand spring elements 1§ calculated by
multiplying the foundation stiffness of the sand by the contributory
area of each node in the sandbed reqion.

3.3 Drywell Materials

The drywell shell s fabricated from SA-2128 FBX steel The
mechanical properties for this material at room temperature are shown
in Table 3-2. These are the properties used in the finite element
analysis. For the perforated vent Jjet deflector, the material
properties were modified to account for the reduction in stiffness due
to the perforations.

3.4 Boundary Conditions
Symmetric boundary conditions are defined for both edges of the 36’
drywell model for the static stress amalysis as shown on Figure 3:5.

This allows the nodes at this boundary to expand radially outward fronm

3-3

W o —



(T T

the drywell centerline and vertically. but not in the ¢ircumferential
direction. Rotations are 2lso fixed in two directions to prevent the
poundary from rotating out of the plane of symmetry. Nodes at the
bottom edge of the drywel) are fixed ir &1) directions to simylate the
fisity of the shell within the concrate foundation. Nodes at the ends
of the sand spring elements and the header support spring elements are
aluo fixed.

3.5 Loads

The loads are applied to the drywell finite element mode! in the
manser which most accurately represents the actual loads anticipated
on the drywell, Details on the application of loads are discussed in
the following peragraphs.

.51 Load Combinations 5

A1) load ~ombinaiions to be considered on the drywell are summarized
on Table 3-4. The most limiting load combinations in terms of
possible buckling are those which cause the most compressive stresses
in the sandbed region. Many of the design basis loacd combinations
include high internal pressures which would create tensile stresses in
the shell and help prevent buckling. The most severe design 1o0ad
combination identified for the buckling analysis of the drywell 15 the
refueiing condition (Case IV). This load combination consists of the
following loads:

Dead weight of vessel, penetrations, compressible material,
equipment supports and welding pads.

Live loads of welding pads and equipment door

weight of refueling water

External Pressure of 2 psig

Seisnic inertia and deflection loads for unflooded condition

The normal operation condition with seismic is very similar to this
condition, however, it will be less severe due to the absence of the

refueling water and equipment Coor weight.

3-4
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The most ‘severe load comhination for the emergency condition 1% for
the past-accident (Zase V1) load combination inciuding:

Dead weight of vessel, peretrations, compressible material anu
equipment supports

Live 10ad of personnel lock

Hydrostatic Pressure of water for Drywell Flooded to 74 -6

External Pressure of 2 psig

sefsmic inertia and deflection luads for flooded condition

The application of these loads is described in more detatl in the
following sections.

31.6.2 Gravity Loads

The gravity loads include dead weight loads of the drywell shell, -
weight of the compressible material and penetrations and live loads.
The drywell shell loads are imposed on the mode! by defining the
weight density of the shell material and applying a vertical
acceleration of 1.0 ¢ to simulate gravity. The ANSYS program
automatice)ly distributes the loads consistent with the mass and
acce'eration. The compressible material weight of 10 1b/ft? s added
by adjusting the weight density of the shell to also include the
compressible material. The adjusted weight densities for the various
shell thicknesses are summarized on Table 3-5. The compressible
material is assumed to cover the entire drywell shell (not including
the vent) up to the elevation of the flange.

The additiona)l dead weights, penetration weights and live loads are
applied as additional nodal masses to the model. As shown on Table
3.6 for the refuelinn case, the total additional mass is summed for
each § foot elevation of the drywell, The total is then divided by 10
for the 36° section assuming that the mass is evenly distributed
around the perimeter of the drywell, The resulting mass 1is then
applied uniformly to a set of nodes at the desired elevation as shown
on Table 3-6. These applied masses automatically impose gravily loads.
on the drywell model with the defined acceleration of lg. The same

35
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method 15 used te apply the additional misses to the model for the
post-accideni, flooded case as summarized ir Tabig 37

1.6.3 Pressure Loads

The 2 psi externa) pressure load for the refueling case s applied to
the external faces of al) of the drywell and vent shell elements. The
compressive axial stress at the transition from vent shell to beam
elements 1s simulated by applying equivalent axial forces to the nodes
of the shel)l elements.

Considering the post-accident, flooded case, the drywell 1s assumed to
be flooded to elevation 74'-6" (894 inches). Using a water density of
62.3 'Ib/ﬂ3 (0.036] lb/in’; the pressure gradient versus elevation is
calculated as shown in Table 3-8, The hydrostatic pressure at the
bottom of the sandbed region is calculated to be 28.3 psi. According
to the elevation of the element centerline, the appropriate presrures
are applied to the inside surface of the shell elemants.

3.5.4 Seismic Loads

Seismic stresses have taen calculated for the Oyster Creek Drywell 1in
Part | of this report, Reference 3-3. Meridional stresses are imposed
cn the drywell during a seismic event due to a 0.058" deflection of
the reactor building and due to horizontal and vertical inertial joads
on the drywell,

The meridional stresses due to a seismic event are imposed on the 3-D
drywel] model by applying downward forces at four elevations of the
model (A: 23'-7".8: 37'.3".C: S0'-11" and D: B8'-9") as shown on
Figure 3-6. Using this method, the meridional stresses calculated in
Reference 3-3 are duplicated at four sections of the drywell including
1) the mid-elevation of the sandbed region, 2) 17.25" below the
equator, 3) 5.75' above the equator and 4) just above the knuckle
region. These four sections were chosen to most accurately represent
the load distribution in the lower drywel)l while also providing a .
reasonably accurate stress distribution in the upper drywell.
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To find the correct loads tu match the seismic stresses, the total
seismic stress (due to reactor building deflection and horizontal and
vertical inertia) are obtained from Reference 3-3 at the four sections
of interest. The four sections a 4 the corresponding meridional
stresses for the refueling (unflooded) and post-accident (flooded)
seismic cases are summarized in Table 3-9.

Unit loads are then apglied to the 3-D model in separate load steps at
each elevation shown in Figure 3-6. The resulting stresses at the
four sections of interest are then averaged for each of the applied
unit loads. By solving four equations with four unknowns, the correct
loads are determined to match the stresses shown in Table 3-9 at the
four sections. The calculation for the correct loads are shown on
Tables 3-10 and 3-11 for the refueling and post-accident cases,
respectively.

3.6 Stress Results

The resulting stresses for the two load combinations desco oed in
section 3.5 are summarized in this section,

3.6.1 Refueling Condition Stress Results

The resulting stress distributions for the refueling condition are
shown in Figures 3-7 through 3-10. The red colors represent the most
tensile stresses and the blue colors, the most compressive. Figures
3-7 and 3-8 show the meridional stresses for the entire drywell and
lower drywell, The circumferential stresses for the same areas are
shown ¢n Figures 3-9 and 3-10. The resulting average meridional
stress at the mid-elevation of the sandbed region was found to be;

Om * <7097 psi

3-7
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3.7 Theoretical Elastic Buckling Stress Results

After completion of the stress runs for the Refueling and Post-
Accident load combinations, the eigenvalue buckling runs are made as
described in Section 3.1. This analysis determines the thesretical
elastic buckling loads and buckling mode shapes.

.71 Refueling Condition Buckling Results

As shown on Figure 3-15, i1t is possible for the drywell to buckle in
two different modes. In the case of symmetric buckling shown on
Figure 3-15, each edge of the 36° drywell mode! experiences radial
displacement with no rotation, This mode 15 simulated by applying
symmetry boundary conditions to the 3-D mode! the same as used for the
stress run. Using these boundary conditions for the refueling case,
the critical load factor was found to be 14.32 with the crivical
buckling occurring in the sandbed region. The critical buckling mode
shape 1is shown in Figure 3-16 for applied symmetry boundary
conditions. The red color indicates sections of the :hell which
displace radially outward and the blue, those areas which displace
fnward.

The first four buckling modes were solved for in this eigenvalue
buckling analysis with no buckliny modes found outside the sandbed
region for a load factor as high as 16.32. Therefore, buckling is not
a concern outside of the sandbed region.

It is also possible for the drywell to buckle in the anti-symmetric
manner shown in Figure 3-15. For this mode, the edges of the 3-0
mode! are allowed to rotati but are restrained from expanding
radially. This case is considered by applying anti-symmetric boundary
conditions at the edges of the 3-D model. With the two pass approach
used by ANSYS, it is possible to study anti-symmetric buckling of the
drywell when the stresses are found based on symmetry boundary
conditions. The resulting load factor found using anti-symmetric
boundary conditions is 16.81. The mode shape for this case’ is shown
on Figure 3-17.
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Because the load factor is lower for symmetry boundary conditions
with the same appliec stress, the symmetric buckling condition 1§ more
1imiting. Multiplying the load factor of 14.32 by the average
meridiona) stress from section 3.6.1, the theoretical elastic buckling
stress is found to be;

ORie * 14.32 x (7097 psi) « 101,650 psi
3.2.2 Post-Accident Condition Buckling Results

Considering the post-accident case with symmetry boundary conditions,
the load factor was calculated as 9.91. Multiplying this load factor
by the applied stress from section 3.6.2 resu'ts in a theoretical
elastic buckling stress of

Oppie * 9:91 x (9693 psi) « 96,060 psi

The critical mode shape for this condition is shown in Figure 3-18.
Again, the critical buckling mode fs in the sandbed region.

3.8 References
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Part 1 Stress Analysis," GE Report No, 9-1, DRF # 00664, November
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Oyster Creek Drywel) Shell Thicknesses

section

Sandbed Region

Lower Sphere

Mid Sphere

Upper Sphere

Knuckle

Cylinder

Reinforcement Below Flange
Reinforcement Above Flange
E11iptical Head

ventline Reinforcement
Gussets

Vent Jet D~flector
Ventline lonnection

Upper Ventline

Lower Ventline

311

Thickness (in.)

0.700
1.154
0.770
0.722
2.5625
0.640
1.250
1.500
1.187% '
2.87%
0.87%
2.500
2.500
U.437%
0.2%0
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Table 3-2
Cylinder Stiffener Locations and Section Properties

flevation Height  Width Ares  Bending Inertia (1o
T - el (a) (af) Horizontal  Yertical

6.0 4.5 13.5 0.211
6.0 4.5 13.% 0.711
6.0 3.0 5.0 0,063
113,01 2.7% 1.0 26,6  387.% 12.75
1.00 ].38 ¢
1131.0 1.0 12.0 12.0 144 .0 1.000
(1 - This stiffener is made up of a 2 beam sections,

one 2.75x7" and ons 1.0x7. 375"

Table 3-3

Material Properties for FEX-2128 Steel

+ e At 0 10)_Property Nalye
voung's Modulus 29.6x10% psi
\.eld Strength 38000 psi
Poisson’s Ratio 0.3

Density 0.283 1b/in3
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Table 34

Oyster Creek Drywell Load Combinations

CASE I - INITIAL TEST CONDITION
Deadweight + Design Pressure (62 psi) + Seismic (2 x DBE)

CASE 11 - FINAL TEST CONDITION
Deadweight + Design Pressure (35 psi) + Seismic (2 x DBE)

CASE 111 - NORMAL OPERATING CONDITION
Deadweight + Pressure (2 psi external) + Seismic (2 x DBE)

CASE 'V - REFUELING CONDITION
Deadweight + Pressure (z psi external) + Water Load «
Seismic (2 x DBE)

CASE V - ACCIDENT CONDITION
Deadweight + Pressure(62 psi @ 175°F or 35 psi @ 281°F) +
Sefsmic (2 x DBE)

CASE V1 - POST ACCIDENT CONDITION
Deadweight + Water Load @ 74°6" + Seismic (2 x DBE)
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Table 3:6

Oyster Creek Drywel] Additional Weights - Refueling Condition

.
BEAD  PEMETR. MINC, TOIA § FO0T  LOAD PER LOAD PER  LOAD PER
TLEVATION  WRIGMT  WEIGMT  LOADS LOAD  RANGE M6 DEG. o NODES OF  FULL NODE  WALF wODE
(font) () (1) (f) (f) LOAD (f)  ELEMENT®  APPLICATION  (Wf) ()

B L R L sRasRsne P el e L C e DR S L mouERban. BEREEnaey

15.% $0000 80000
¢ 168100 168100
0" 1o 11200
o 18- 129300 180 3 16110 LI 19
the  S86000 $56000
* v $56000 $5600 ¢ 121-160 6850 M7
" 11500 11100
3 64100 §1500 118600
3025 108000 100000 206000
*26-30 roe mn & 17684187 alek 0wn
N 16500 16500
n 750 %
» 15450 15450
M Pe0s0 20050 '
38 1500 1600
313 62250 6228 & 188106 18 AL
3 1850 1550
0w 41000 43380 84380
** 3640 85800 0590 ¢ 197208 1074 W
S04 1102000 1102000
" a%-508 1102000 110200 L] DL RUHL 1378 (111
54 7850 7850
bl 188 ) 7850 788 [ A36-dda e a“
56 56400 peo0e 80400
60 96200 100 20000 115800
oK 0 196300 19630 3 454462 2454 ny
L1} §2000 20000 12000
bl T 72000 1200 [ A77-480 800 450
"0 §750 §750
” 56-70 §750 §7% L 608-518 n 3
n 8850 8850
” n-n LI L1 L] §26-534 i 88
0 21650 21680
Al P L) 21650 2168 L §83-561 M 13%
LY 1000 1000
%0 16000 15000
" ose-90 16000 1600 L} §71-879 0o 100
875 20700 20700
8406 690000  €88000
§5.7% 20100 20100
bl 180 738800 73880 [} 589597 9238 (13
TOTALS: 2184150 388200 862000  DAJAISD  3AMISC 343438

# - LOAD 7O BE APPLIED IN VERTICAL DIRECTION ONLY,
& - WISCELLANEOUS LOADS INCLUDE 698000 LB VATER WEIGHT AT 94 78 FT. ELEVATION
100000 LB CQUIPMENT DOOR WEIGHT ‘AT 30.26 FT. ELEVATION AND WELD PAD LIVE
LOADS OF 24000, 20000 AND 20000 AT 56. 60 AND €5 FT. ELEVATIONS
REFWGT W)

3-1%
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Table 37

Oyster Creek Drywell Additional Weights - Post-Accident Condition

.
DEAD  PENCTR.  WISC TOTAL §FO0T  LOAD PER LOAD PER  LDAD PER
ELEVATION  WEIGMT  WEIGWT  LOADS LOAD RANGE 36 DEG. "o WODLS OF  FULL WODE  WALF WODI
(foet) (f) (o) (Wf) (1nf) LOAD (Wf)  ELEMENTS APPLICATION  (Yof) ()

D it P cSReesae. P R AR EEE . L AEEREREN TR L R PR PR TR

15.56 $0000 $0000
i) 168100 168100
H 11200 15200
" 1820 220300 22930 ] 116-118 w1 1911
100 856000 $58000
” - $56000 55600 ] 161+168 8950 FTRL)
H 11100 11100
5 s $1500 115600
30.28 108000 105000
"~ o680 231700 170 ] 179187 2806 Ty
| 16800 18500
n %0 50
n 15480 15450
1 20050 20080
i) 1500 1500 '
L 1T 1 62280 6228 "SR Bt 13 18 189
" 1850 1580
a0 41000 L3380 50
-0 85900 0560 . 197-208 1074 53
S04 1102000 1102000
. 48500 1102000 110200 ] IR 13778 La88
5 50 7850
" 5188 7880 8% ' a3b-aad 5t “
56 56400 56400
60 95200 70 §5900
" 56-60 152300 18230 ] YRS 1904 852
(1 $2000 $2000
" §1-88 52000 5200 ' 477480 650 as
0 5750 §760
- 8670 5750 878 (] S08-816 H 3
" 8850 (T
" 2108 aes0 (T ] 326-534 11 5
(TRY) 71650 71850
" 9185 71650 2168 ] §53-561 m 148
e 1000 1000
90 15000 15000
850 16000 1600 ] 571-878 200 100
83.7% 20700 20700
TR 20100 20100
“* 91-98 40800 4080 ) 589587 510 1)
TOTALS: 2184150 388200 0 2872350 2872380 257238

¢ - LOAD TO BC APPLIED [N VERTICAL DIRECTION ONLY.
& - MO WISCCLLANEOUS LOADS FOR-THIS CONDITION

FLOODWGT Wil
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Table 3-8

Flooded (Condition

Mydrostatic Pressures for Post-Accident,
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Table 3.9
Mer .dional Sefsmic Stresses at Four Sections

20
Shell Meridional SLresses
Elevation Mode) Refueling Post-Accident

———twction _ (inches)  Node ~losd). lpsi)

A) Middle of Sa dbed 119 3 1258 1288
B) 17.25' Below Equator 323 302 29% 58%
C) 5.78 Above Equator 489 461 214 " 616
D) Above Knuckle 1037 1037 216 808

3-18
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Teble 3:10

Application of Loads to Match Seismic Stresses - Refueling Case

20 SCISMIC STHESHES AT SECTION (pa))

.l.....O..l..’....’..’.’.....ﬁ.I...l.

SECYION. 1 ! | D |

b Wbt n w? (11| 1 a?
COMPRESSIVE STRESSEE FROM 24D ANALYSIS LV R JE L T L IS A L
0. 08" SLISMIC DEFLECTION. AT IS B e MY
WORIZ. PLUS VERTICAC SELSWIC INERTIA: W8 1M b nn
TOTAL SEISRIC COMPRESSIVE STRESSES Mse 22 Mem 7AW NLW

3D STRESST 4 AY SLCTION (po1)

.

'.' SHERARBAREART FEEs Y L L L L
(L LI SECTION ) t } ‘
LbAD 3D NOOLS: 8368 1°0-170 400-408 LIG-EM

SECYION INPUT 30 UMIT LOAD DESCRIPYION v TIE S 1 IR 1T
i 1000 1ba &t nodes K3 through 569 Ay MM MW WD

L} $00 You o AE7RANE, 1000 Tbu at 420-404 (TR LT B LR 0 00

t 8§00 Whs ot 1678208, 1000 Tos ot 198204 VM aw 0.00 0.60

v $00 Tbe ot 16INIEH, 1000 Ybs ot 162- 108 LN 0.0 0.00 0 00
DESTRED COMPRESSIVE STRESSES (pai) Wse 2l mase LM LW

30
(L L
LUAD

SELTION LOAD TO BE APPLIED 10 WATCH -0 STRESSLS RESULTING SYRUSSES AY SECYION (pst)
L wor 2 I N AR08 MM LW
L] 2I0L 4 e B N 0.00
4 1483 6 1 B 0.00 000
L LI e 08 0.00 v.00 oo
Sum. S22 a0 RAM NS W
SEISUNFL W)
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Table 3-1)

App)ication of Loads 1o Match Seismic Stresses - Post-Accident (ase

20 SEISMIC STRESSES AT SECTION (pat)

e LT T T T S Ll bt b b -

SECTION: i i 3 4
1-0 wo0L 0" st L)) 13
COMPRESSIVE STRESSES FROM 2<0 ANALYSIS  ELIV 198" a8t At oy
O 068" SEISMIC DEFLECYION Mo e ISE M DDA MWD
WORTZ PLUS VERTICAL SEISMIC INERTIA M A METE Tl
TOTAL SEISMIC COMPRESSIVE STRESSES. 1200 46 BB B BIG.ZD MOR &S

30 STRESSES AT SLCTION (po))

,-' SPEGANP SRR EETAEARREAARRRERR AR ASa

L L SECTION. 1 ? 3 4
LOAD 34D WODES . S3-88  170-178 400-408 26534
SECTION INPUT B+D UNIY LOAD DESCRIPTION ELFy: et Mt Mt oy
A 1000 The ot nodes S63 through 569 M M MM MR
L SO0 Ybs ot AE7HA3S, 1000 Yos et A2B-404 M Me NN 0 00
4 SO0 es at 1974208, 1000 Ybs et 198204 u oy 000 000
4 SO0 Yo ot 16IRI6H, 1000 Ybe ot 162-1R8 LN 1 000 0.00 0 oo

SesNEae caEEwn. R, PR

DESIRED COMPRESSIVE STRESSES (pat) 1200 46 S84 §)  BI6. 22 BUE 4%

30
L L)
L OAD
SELTION LOAD TO B APPLIEL YO WATCK 2D STRESSES RESULTING STRESSES AT SECTION (pi)
A 14637 % 125051 685,36 611 4% OB 45
L} 2e%0 2 6.1 1AM e 0.00
¢ «1041 .7 <188 50 w21 0.00 0.00
4 ~318 8 28 64 000 0.00 b oo
S 1eBh 46 S84 B3 B16 22 BOR 4
LEISFL W)
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Figure 3-15. Symmetric and Anti-Symmetric Buckling Modes
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4. ALLOWABLE BUCKLING ST 3§ EVALUATION

Applying the methodology described in Section 2 for the modification
of the theoretical elastic buckling stress, the allowable compressive
stresses are now calculated. Tables 4-1 and 4-2 summarize the
calculation of the allowable buckling stresses for the Refueling and
Post-Accident conditions, respectively. The modified capacity
reduction factore are first calculated as described in sections 2.2
and 2.3. After reducing the theoretical instability stress by this
reduction factor, the plasticity reduction factor 1s calculated and
applied. The resulting inelastic buckling stresses are then divided
by the factor of safety of 2.0 for the Refueling case and 1.67 for the
Post-Accident case to obtain the final allowable compressive stresses.

The allowable compressive stress for the Refueling case is 10.44 ksi,
Since the applied compressive stress is 7.10 ksi, there s a 47%
margin. lne allowable compressive stress for the Post-Accident,
flooded casc¢ is 14.38 ksi. This results in a margin of 48% for the
applied compressive stress of 9.69 ksi.
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Table &-]

TROEX 88! mev. 1

Calcuiation of Allowable Buckling Stresses - Refuelinn Case

Parameter

Theoretical Elastic Instability Stress, Oie (ksi)

Capacity Reduction Factor, ay

Circumferential Stress, 0c (ksi)

Equivalent Pressure, p (pei)

"X" Parameter

aC

Modified Capacity weduciion Factor, % mod
Elastic Buckling Stress, o, = @y noq O4e (ksi)
Proportional Limit Ratio, A = a./oy

Plasticity Reduction Factor, ny

Inelastic Buckling Stress, oy = n;0, (ksi)
Factor of Safety, FS

Allowable Compressive Stress, 0,17 = ¢4/FS (ksi)
Applied Compressive Mericdional Stress, o, (ksi)
Margin = [(0,11/04) - 1] x 100%

4-2

Yalue

101.65

0.207

-0.28
0.000
0.000
0.000
0.207
1.04
0.554
0.993
9



TRBEX8%3) aev. |

Table 4-2

Calculation of Allowable Buckling Stresses - Post-Accident Case

Parameter Yalue
Theoretical Elastic Instability Stress, o4, (ksi) 96.06
Capacity Reduction Factor, 2 0.207
Circumferential Stress, 0. (kst) 4.05
Equivalent Pressure, p (psi) 13.50
"X" Parameter 0.082
aC 0.069
Modified Capacity Reduction Facter, @i mod 0.32
Elastic Buckling Stress, o, = %4 mod Tie (ksi) 30.74
Proportional Limit Ratio, A = a./ay . 0.809
Plasticity Reduction Factor, ny 0.735
Inelastic Buckling Stress, oy = 10, (ksi) 22.62
Factor of Safety, FS 1.67
Allowable Compressive Stress, o,y « 04/FS (ksi) 13,88
Applied Compressive Meridional Stress, oy, (ksi) 9.69
Margin = [(0,11/0,) - 1] x 100% 39.7%

4-3
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TRoEX"8%S! mev. 1

Table 5-1

Buckl:ng Analysis Summary

—-hodad Combination

Refueling Post-Accident
Service Condition Design Level C
Factor of Safety Applied 2.00 1.67
Applied Compressive Meridional Stress (ksi) 7.10 9.69

A1lowable Compressive Meridional Stress (Esi) 10.44 13.55

Buckling Margin 47% 40%

5-2



