OFFSHORE POWER SYSTEMS

TITLE ANALYSIS OF DUKE MCGUIRE CONTAINMENT SHELL
TO DETERMINE RESPONSE OF A CRITICAL PANEL
TO UNIFORM INTERNAL PRESSURE

DOCUMENT NUMBER: RP 352369

DATE: October 10, 1980



L aladBll]

U

Farm

o
"M

Mce (121 00- 06- £003

L)

U [*9

[

ot

strength (by ASME 8 & PV Codge, Sectic

ects of longitudinal and circumferentia

A ~-
ABSTRACT

e e

containment shell may experience uniform internal

ted with a postulated “hygrogen burn" which are sig-

the maximum design pressure for the vessel (15.0
asi is consistent with an allowable mem-
stress difference based on Tresca

" %y {1 T T
unstiffened shell, limited to approximately 3V per=

= |

[1I). Various
code safety factor, actual! yield strength, Von Mises
stiffeners, plas-
acements suggest that the shell can sustain
ity. That
based on either:

Gross plastic instability of the structural system
Limited radial deflections or

T
niced

it
e

ductility

<

1
i
ReVION NO. ——

RP35ASS
Document i

"

Page ot : L Pages

————— e+ —— - —




e mec 113, J9- 00003

Ay A AANEEy e
2! = e 4
Mo v IV ICiti 9
-~
- 1
Ll 1
—_—
T M e LT ;
=i )
a- ¢ VUUL | LU -
- -~ e T AIASA APy - -
/ A - - =R e N N =
- - - - - - - - .-~ . -
- A e yem My o maEge ANAL UEY -
X - s = =ME 7
IR s 018 SSSISH AL T34 /
3 & 54 A ~ra mme g e a3
YIS RESMH <
. bl R ) el W s
- B~ P L TT Dol o -
- - REFEREMNEES -
- - L e e -l

D
=

193100 NO. e

to

Oocument

£8 ]
O

L)
on
p -
e
e




: Mee 113, Lo- 8O- 003

¥

YT AAS AT A
- PLVATATR R AN
-

he purpose of this report is to present results of the Duke McGuire
containment snell analysis that was conducted to provide estimates of

s functional capability. The configuration of the McGuire

containment snhell is contained in Reference 1.

Section 2 cantaing a discussion of material characteristics employed
in the analysis and how they compare t0 those Jtilized in calculations
nased on the ASME B8 & PV Code, Section [l. ruies. Section 3.0 contains
a descrigtion of the finite elemen: mocdel and Section 4.0 presents tne
analysis results

wicrofiche of the computer calculations supporting Section 4.0 can be

sund in a companion document, Reference 2. ODocumentaticn of the com-
oute~ program usad to conduct the analysis can be found in Reference 3.
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The material characteristics agdressed 1n evaiuating to functicn capabl
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of the McGuire containment snell under internal pressure lcading signify a

] . 3 { e 3 i~ : ACME Comed 1
relaxation of the conservatisms implicit in the ASME 3 & PV Code, Section Il
design prassure calculations. Differences arise in orescription of material
sield strength at temperaturs, stress or strain 1imits and yield criteria.

Uararial Yield S*ress
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The ASME 3 4 PV Code, Section IIl prescribed minimum yieid strength at tem-
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ssrasure for SA 318 Grade 50 material is 32 KSI. The yileld strengin oi the
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SA 316 fGrade 60 material used in this an3ivsis s #<&.d KSI based on actual

9 x 10° nsi was used to characterize

or
(18
i
3
15
wr
.
'
w
I
-
(%)
S
3
]
wy
-
(&}
L
[ -
‘
w
-
m
-
(&
“
(3]

Stress or Strain Limits

The ASME 3 & oV Code, Section [II stress limits are Dased on maintaining certain
factars of safety against material first yield as well as material ultimate strength.
The resulting allowable membrane stress intensity for SA 516 Grade 50 material is
aooroximately 50 percent of the specified material minimum yield strength. The

analysis of functional capadbilit; reported her2in is based on an-elastic-perfectly

range. Functional capability may oe limited by 2 predicted total strain in terms
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2.3 Yield \rizeria
- Aeut o - - s i d s 4 cn e :
he ASME 8 & PV Code, >Section ili design sressure calcuiations are Dased on

-omparing "stress intensities” (principal stress differences) to 3 percentage
of yield strength (or a more conservative percentage of ultimate strength

nis relates to margin against yield with yieiding defined by the iresca

% \7
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yield criterion. The analysis of functional capability 1s based upen a Von

N -t - - e avt -~ - i = . - i } b -
tiges yield criterion (maximum distortion strain energy). in the case of an
nstiffanes containment snell under uniform pressure, the maximum Von Mises

‘squivalent stress” would be 15 percent lower than the corresponding maximum

ASME "stress ‘ntensities'. Therefore, with all other things being equal, apply-
" - + . * » . .. >
' ng 2 Von Mises yield criterion will result in a predicted shell capapility as

s 15 peruent more than that predicted by applying the maximum snear Siress
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itions imposed on the mcdel shown in Figure 3 are:

displacement (UZ)=0 for ncdes at elevation 220.0 inches.

acements (UZ) of nodes at elevat 2=50.0 inches

xes (ROTY)=0 for noces at elevations

‘ : a 0
rangential displacement (UY)=0 for nodes at g=0° and 8=1.5".

-,

ion about vertical axis (ROTI)=Q for nodes at 2=0% and

’

ut radial axes

u 20T%)=C for nodes aleng 2=0.0 inches,
s, 3200 and 8s1.5°.
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3. Anplied Loacs
he applied loading consisted of uniform internal pressure cn the panel elements
as well as 3 corresgonding uniform vertical load applied at elevation 7250.0 inches
5 address lonaitudinal stresses (uplift from the vessel head) on the circumferential
soundaries of the model.
3 Analvsis
The analysis was conducted using the ANSYS Revision 3 (Update §7J1) computer program
:j Reference 3 The entire model was composed of ANSYS STIF 438 - Plastic Trianguiar
e Srell alaments w'th panel and circumferential stiffener flange elements having doth
- pending and memsrane stiffness capability and other stiffener elements naving mem=-
srane 3tif€fness only. The static analysis addressed elastic-perfectiy plastic (no
:’- strain nardening) material benhavior with yielding based on 2 Von Mises yield criterion.
Large displacement theory was invoked with convergence aidec Dy the incorporation of
' stress stiffening.
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ANALYSIS RESULTS
A linear elastic static analysis was first conducted at an internal pressure

- - 4 -~ - . y Y . f ‘
circumfersntial stiffener discontinuity=-iccaticn (A; 01

2 A N -~ 1 1 |
15 psig. As expected, thne structure rema ned compieteiy ei

-

astic with a

-

imum Yon Mises sauivalent stress, anywhere in the modelled structure of

1 1 ‘ . % DR -~
corresponding longitudinal stitvener-

to panel plate bending at the

f AN -

Figure 2.) Basad on

3 yield strength of 42.1 KSI, tne analysis indicated that the structure would
remain complately elastic up to an internal pressu~e of approximately 30 psig.
The maximum "membrane” (midsurface) stress in the panel at 13 psig internal
~ressure was 10.7 KSI (Von Mises equivalent), as shown in Table 1. In an
dentical unstiffened shell the maximum "membrane" (midsurface) stress at 1§

ig internal pressure would e 11.35 KSI (Von Mises equivalent). The results

shares "hoop 10ad" with

stiffener oy means of panel action and longitudinal stiff-

r tending
~s disnlacement, inelastic static analysis was congucted for internal pressures
ging from 30 psig to 50 psig, in steps of § psig; from 52 psig to 88 psig, in

os of 2 psig; and at 63 psig. The analysis for an internal pressure of 30 psig
e itaration only, conducted for the purpose of "starting” the

se displacement formulation. As such, computed results at 30 psig de not include

large displacement and plasticity convergence criteria employed for internal

ssures up %0 and including 64 psig were as follows:
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a) Plasticity Ratio = .01, ratio of incremental plastic strain
within an iteration to total elastic strain,
5) Large Displacement Increment = .00l inches, incremental dis-
olacement within an iteration.
At 66 psig internal pressure, the final iteration was characterized Sy a plasticity
ratio of .02% and a large displacement increment of .00Z inches.
A+ E3 psig internal aressure, the final iteration was characterized by a plasticity
ratic of .0l1 and a large displacement increment of .CQL inches
At €3 psig internal pressire, the structure becomes unstable. The final iteration

A0

asticity ratio of .C3C and a large displacement increment
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A, 8, C, and D of Figure 2. The basic data points for the plots wers pressure loads
0f 32 psig througn 63 psig, extrapolated back %o zero displacement at zero load. The

~lats iilustrate a2 load-displacement curve that is linear and stable up to 80 psig and

stable up %0 68 psig. Table 4 contains a tabulaticn of significant stresses in the
cirsumfarential (ring) stiffener at a load of 68 psig, indicating that limited portions

astic limits. At an internal

imately 1.38 inches, and examination of the computer outdut reveals that the maximum
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strain. anywhere in the structure (panel;, 15 .UiUG (approximately

g strain accurring in the local region of the stringer/

g
/. The maximum strain in the longitudinal stiffeser is .0019

.~ s 3 b 1

5‘-4"‘.. "a :'
cimes yiald strain) and tne maximum strain in the wed of tne circum-
¢ a 2lal i) el el *a1 1 & #sm s al - 3 \ T - T -
s .0022 (approximately 1.5 times yieid strain;,. ine maximua strain
-~ . s N 1 N < AR & f 1 < 1

the circumferential stiffener is .0015 (approximately yield strain).
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Professiconal Cualifications
of
Richard S. Orr
Chief Engineer of Structural Engineering
Offshore Power Systems
February 9, 1381

My name is Richard S. Orr and my Dusiness address is 8000 Arlington

Expressway, Jacksonville, Florida 32211. [ am currently Chief Engineer of

Structural Engineering for Offshore Power Systems. In this position [ have
rne functional responsibility for the design of all structures assembled on
the Floating Nuclear Plant. [ have been assigned to this position since

a€ 1872. Prior %o tnat, [ performed the same function as Manager

ral Engineering for Westinghouse Special Project Division.

Srom March, 1367 to September, 1371, [ werked for Westinghouse
Nuclear Energy Systems in the areas of structural review, plant arrangement,
and development of new concepts. From October, 1962 to March, 1967 I worked

-
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for Rendel, Palmer & Tritton in London, England, where [ spent two years in
the analysis of prestressed concrete pressure vessals and two years on site

during the construction of a power plant.

! earned a Master of Arts (first class) degree in Mechanical
Sciences at Cambricie, England in 1962. [ am a Professional Engineer
registared in the stites of Florida and New Jersey. I am Chairman of ACI

Committee 349 which prepares code requirements for concrete nuclear safaty




related structures. [ have been a member of code committees of the American
Society of Mechanical Engineers preparing requirements for both steel and

concrete containment vessels.



