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1. INTRODUCTION

1.1 General

To address local wall thinning of the Oyster (reek drywell, GPUN has
planned to prepare a supplementary report to the Code stress report of
record [1-1). For convenience, the supplementary report is 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 shell shown in Figure 1-1 and constitutes the second
part of the supplementary report. Buckling of the entire drywell
shell is considered in this analysis with the sandbed region being the
area of primary concern.

1.2 Report Qutline

Section 2 of this report cutlines the methodology used in the buckling
capability 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 limiting load combinations are covered in section 4.
Section 5 presents the summary of results and conclusions.

1.3 References

1-1 “Structural Design of the Pressure Suppression Containment
Vessels," by Chicago Bridge & Iron Co.,Contract # 9-0971, 1965,

1-2 "An ASME Section VIII Evaluation of the Oyster Creek Drywell," Gt
Report No, 9-1, DRF# 00664, November 1990, prepared for GPUN.
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In Reference 2-1, the safety factor for the Design and Level A & B
L 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
flooded condition).

L] The Determination of appropriate values for capacity and plasticity
reduction factors is discussr next.

2.2 Determination of Capacity Reduction Factor

The capacity reduction factor, ay, 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 [2-2). The factors
appropriate for a spherical shell geometry such as that of the drywel)
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
L] unstiffened shells. The curve marked ‘Uniaxial compression’ is
applicable since the stress state in the sandbed region is compressive
in the meridional direction but tensile in the circumferential
direction. From this curve, a; s determined to be 0.207.

The preceding value of the capacity reduction factor is very
conservative for two reasons. First, it is based on the assumption
that the spherical shel)l has a uniform thickness equal to the reduced
] thickness. However, the drywell shell has a greater thickness above
the sandbed regicn 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
L reducing the effect of imperfections introduced during the fabrication
and construction phase. A modification of the a; value to account for
the presence of tensile circumferential stress 1is discussed in
Subsection 2.3,

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

2-2
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2.4 Determination of Plasticity Reduction Factor

When the elastic buckling stress exceeds the proportional 1imit of the

material, a plasticity reduction factor, n;, is used to account for

the non-linear material behavior. The inelastic buckling stress for
R fabricated shells is given by n;0,0;,. Reference 2.6 gives the

mathematical expressions shown below [Article -1611 (a)] to calculate

the p'asticity reduction factor for the meridional direction elastic

buckling stress. & is equal to oia1e/oy and 0y is the material yield
£ strergth. Figure 2-3 shows the relationship in graphical form.

ny = 1.0 1f & < 0.55
(0.45/8) + 0.18  if 0.55 < 4 < ..6
1.31/(141.158)  1f 1.6 < &  6.25
1/8 if &5 6,25

2.5 References

]
2-1 ASME Boiler and Pressure Vessel <Code <Case N-284, ‘"Metal
Containment Shell Buckling Design Methods, Section IIl, Division
1, Class MC", Approved August 25, 1980,
®
2-2 Miller, C.D., "Commentary on the Metal Containment Shell Buckling
Design Methods of the ASME Boiler and Pressure Vessel Code,"
December 1979,
L ]
2-3 ASME Boiler & Prossure Vessel Code, Section 111, Nuclear Power
Plant Components.
[ ] 2-4 "An ASME Section VIII Evaluation of the Oyster Creek Drywell," GE
Report No. 9-1, DRF# 00664, November 1990, prepared for GPUN.
| 2-5 Johnson, B.G., "Guide to Stability Design Criteria for Metal
. Structures," Third Edition (1976), John Wiley & Sons,
E 2-6 Lletter (1985) from C.D. Miller to P. Raju: Subject: Recommended
| Revisions to ASME Code Case N-284.
®
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3. FINITE ELEMENT MODELING AND ANALYSIS
3,1 Finite Element Buckling Analysis Methodology

This evaluation of the Oyster Creek Drywell buckling capability uses
the Finite Element Analysis (FEA) program ANSYS [Reference 3-1]. The
ANSYS program uses a two step eigenvalue formulation procedure to
perform linear elastic buckling 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, [§],
and the applied stresses, Ogpr 8re developed and saved from this
static analysis. A buckling pass is then run to solve for the
eigenvalue or load factor, A, for which elastic buckling 1s predicted
using the equation:

( (K} +X(S]) (u)=0

where: A is the eigenvalue or load factor.
{u) 1is the eigenvector representing the buckled shape of
the structure.

This load factor is a multiplier for the applied stress state at which
the onset of elastic buckling 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, 0., at a certain location of the
structure is thus calculated as:

Ocp = X Oyp

This theoretical 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:]
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The most severe load combination for the emergency condition 1§ for
the post-accident (Case VI) load combination including:

Dead weight of vessel, penetrations, compressible material and
equipment supports

Live load of personnel lock

Hydrostetic Pressure of Water for Drywell Flooded to 74" -6"

External Pressure of 2 psig

Seismic inertia and deflection loads for flooded condition

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

3.5.2 Gravity Loads

The gravity loads include dead weight loads of the drywell shall,
weight of the compressible material and penetrations and live load:.
The drywell shell loads are imposed on the model wy defining the
weight density of the shell material and applying a vertical
acceleration of 1.0 g to simulate gravity. The ANSYS program
automatically distributes the loads consistent with the mass and
acceleration. The compressible material weight of 10 1b/ft? is 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 additional dead weights, penetration weights and live loads are
applied as additiona)l nodal masses to the model. As shown on Tatle
3-6 for the refueling case, the total additional mass is summed for
each 5 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 is then
applied uniformly to a set of nodes at the desired elevation as shown
on Table 3-6. These applied masses automatically impose gravity loads
on the drywell model with the defined acceleravion of lg. The same

3+5
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To find the correct loads to 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 and the corresponding meridiona)
stresses for the refueling (unflooded) and post-accident (flooded)
seismic cases are summarized in Table 3-9.

Unit loads are then applied to the 3-D model in separate load s'eps 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 unknowrs, 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 described 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 c..ors 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. Tne circumferential stresses for the same areas are
shown on Figures 3-9 and 3-10. The resulting average meridional
stress at the mid-elevation of the sandbed region was found to be;

URm = -7097 psi

3-7
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3.7 Theoretical Elastic Buckling Stress Results

o

’ 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 theoretical

[ ] elastic buckling loads and buckling mode shapes.
3.1.1 Refueling Condition Buckling Results

] As shown on Figure 3-15, it is possible for the drywell to buck!: in

two different modes. In the case of symmetric buckling shown on
Figure 3-15, each edge of the 36" drywell model experiences radial
displacement with no rotation. This mode is simulated by applying
@ symmetry boundary conditions to the 3-D model 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 critical
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 shell which
displace radially outward and the blue, those areas which displace

inward.
®
The first four buckling modes were solved for in this eigenvalue
buckling analysis with no buckling 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-D

@ model are allowed tc rotate 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

K3 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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Table 3-2

Cylind:r Stiifener Locations and Section Proporties

Elevation Height Width Area Bending lner‘ia (inf)
R % 1 (in) {in) (in?) Horizontal Vartical
966.3 0.75 6.0 4.5 15 5 0.211
1019.8 0.75 6.0 4.5 13.5 0.211
10645 0.50 6.0 3.0 9.0 0.063
1113.0(1) 2.75 7.0 26.6  387.5 12.75
1.00 7.38
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 one 1.0x7.37%"

Table 3-3

Material Properties for FBX-212B Steel

o __Material Property Value
Young's Modulus 29.6x10° psi
Yield Strength 38000 psi
Poisson’s Ratio 0.3

Density 0.283 1b/in3

3-12
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Table 3-11

Application of Loads to Match Seismic Stresses - Post-Accident (ase

2-D SEISMIC STRESSES AT SECTION (pst)

SECTION: 1 ? 3 4

2-D NODE: k14 302 L1 1037
COMPRESSIVE STRESSES FROM 2-D ANALYSIS ELEV: 116.3"  322.5" 489.1" 8123
0.058" SEISMIC DEFLECTION: 788.67 155.54 103.46  85.31
WOR1Z. PLUS VERTICAL SEISMIC INERTIA 499.79 420.39 512.76 723.14
TOTAL SEISMIC COMPRESSIVE STRESSES: 1288 46 584 .83 616,22 BOB .45

e S A " i e TN et o L e Y R )
INPUT SECTION 1 4 3 ¢
LOAD 3-D NODES:  53-85 170-178 400-408 526-534

SECTION INPUT 3-D UNIT LOAD DESCRIPTION ELEV: 119.3"  322.8" 488.1" 812"
A 1000 1bs at nodes 563 through 589 85.43 37.64 34 .94 §5.23

B 500 Ibs at 4275435, 1000 Ibs at 428-434 85 .88 33.82 36.76 0.00

C 500 bs at 1974205, 1000 \bs at 198-204 87 .64 43.37 0.00 0.00

D 500 1bs at 1618168, 1000 1bs at 162-188 89 .85 0.00 0.00 0.00
DESIRED COMPRESSIVE STRESSES (pst): 1288 46 584,83 §16.22 808 .45

3-D
INPUT
LOAD
SECTION LOAD TO BE APPLIED TO MATCH 2-D STRESSES RESULTING STRESSES AT SECTION (psi)

A 14637.8 1050.5.  555.36 511,45 B0B.45
8 2850.2 256.17 113.48 10477 0.00
C -1641.7 -189 58 -B4.21 0.00 0.00
0 -318.8 ~28 .64 0.00 0.00 0.00
SUM 1288 .46 584 .83 616,22 B08.45
SEISFL W]

3-20
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