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In the Matter of
Northern States Power Company

(Monticello Nuclear Generating Plant, Unit 1)

i Gentlemen:

This is to inform the Board of certain information provided in a pre-
Timinary fashion by one of the NRC Staff consultants relating to cri-
teria in buckling of steel containment structures. The report is
attached along with a staff evaluation of this matter.

In this connection, the staff believes that the information does not
adversely affect the evaluation conducted by the staff in this case.
If you have any further information, please let us know.

Sincerely,

Myron Karman o
Counsel for NRC Staff

Enclosure: 4
NRC Staff Evaluation of
Factors of Safety Against Buckling

cc w/enclosure:
Monticello Service List
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ENCLOSURE

'NRC STAFF EVALUATION OF FACTORS
OF SAFETY AGAINST BUCKLING

In areport entitled "Stability Criteria for Primary Metal Containment
Vessel Under Static and Dynamic Loads" written for GE by R. L. Citterley
of Anamet Laboratory, Inc., a factor of safety against buckling ranging
from 2.0 to 2.75 is recommended. Also recently the 1977 summer addenda -
~of ASME Code requires a factor of safety of between 2.0 and 3.0

against buckling depending upon the applicable service limits.

Due to the lack of experimental data and uncertainties in establishing

the theoretical buck11ng load, we have an ongoing technical assistance

program to study this issue. Any final design recommendations or guide-

lines resulting from this program will be evaluated for possible use in

our licensing work. We are not at this time in a position to make any

" changes to previously accepted criteria. As indicated above, through the
help of our outside consultant, the Staff will develop our techn1ca1

- position further. _
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MEMORANDUM FOR: D. B. Vassallo, Assistant Director
' ‘for Light Water Reactors
Division of Project Management
 THRU: 'K\‘ J. P. Knight, Assistant Director

- for Engineering . - T ,
. Division of Systems Safety S

 FROM: " 1. Sihweil, Chief
o - Structural Engineering Branch
Division of Systems Safety -

" SUBJECT: -~ INFORMATION TO BE PROVIDED TO ACRS AND LICENSING BOARDS
. . . (SEB: 001, 002) . : s

We just received the attached progress report from our consultant that
questions the current criteria for buckling of steel containment shells.
We believe that the appropriate licensing boards and the ACRS should .

. be notified. _ : I :

_ : It should be realized that this report is preliminary in nature and has

?ﬁh\ not been fully evaluated by our branch. We believe it may have :
' an impact on the design of steel containments such as those used for the
BWR Mark III and PWR Ice-Condensers. : S '

B £ R s [
. I. Sihweil, Chief -
Structural Engineering Branch
- Division of Systems Safety -

Attachments: As stated

cc . w/encl: o

R. Mattson K. Wichman
-+~ . D, Eisenhut  SEB Members
" L. Shao o

r




. INTERNATIONAL STRUCTURAL
ENGINEERS, INC.
P. O. BOX 93505
GLENDALE, CALIF, 01206 U.S.A.

. January 11, 1978

Dr. A. Hafiz

. Division of System Safety

Office of Nuclear Reactor Regulatlon
Nuclear Regulatory Cammission
Washington, D.C. 20555

~Subject: - Buckling Criteria and application of Criteria to des,ign B

of steel contairment shell. Number RS-77-8.

Dear Dr. Hafiz:" :

‘Our f;Lrst progress report is enclosed in accordance w1th the
requirements of our NRC contract. .

We have started preparing a bucli.ng deslgn criteria document
_covering the buckling design of steel contairment shells. As parts of
thls document are campleted, they will be forwarded to you. _

€ \ We are still evaluat:.ng the static and dynamc loadmg condltlons
\%

hich the steel contaimment shell is subjected Th.xs study should
be canpleted shortly. . o o

reports.

' Sincerly,

Please contact us if you have any questlons related to the progress |
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January 3, .’8 Progress Report for "huckl& Criteria and Applicaﬁi‘on

of Criteria to Steel Containment Shell" (#RS-77-8).

As stated in our proposai, after we received the go-ahead from ‘
NRC a detailed literature survey would be carried out to determine
the state of the afc on.che use of Buckling criteria on the desién of'
metal containment vessels under static and dynamic loads._ The following-

work has been completed on chis phase of the contract: . f';f'

1. Library search. We have conducted a detailed literature search

'using‘information retrieval_systems such as the Engineering Index,

.

* NASA Publicacions, U.S. Defnese Depaftment Publications, and the ‘Inter-

national Engineering Index.

. Solicited Information. We have contacted the 1ead1ng authorlties

in the buckling fleld requesting them to send us any information that

would help us to establish buckllng criterla for steel contalnment vessels.
~Append1x A contains a sample 1etter and a l1st of people contacted

" Individual meetingswerealso held with:

‘Dr. P. Gou {General Electric)~
Dr. R. Citerley (Anamet Laboratorles)

Dr. C. Babcock (California Institute of Technology)

to obtain their views on establlshing buckling crlteria, sarety factor'

_ and ASME Code requirements. Subsequent to the meeting with-Dr._Gou

-

", we received a summary of the dynami¢ loads that General Electric uses

- in the design of their containment structures..

.'Based~on our investigations the following statements can be made

- about the stateﬁof the art to date:

1. Most of the experimental results available in the 1iteratufe

-1-




for deterrﬁ’mg design criteria are ba},ed on model tests and the -

correspondence. between model tests and full size structures still nceds

" to be assessed. Design'ctiterié verified by experiment which considers

- effects of imperfections, dynamic ioads, asymmetric loadings ahd non-

linear effects ‘1s practically nonexistent. To obtain this type of -

- information will not be an easy or inexpensive task. It appears that
"our best method of obtaining experimental data for éstablishiﬁg design'
- criteria is_thfough carrying out a'large‘numbér of cafefully planned -

‘model tests.

‘2.1 A latge number of computéf programs exist for déterminingx,‘

.ijckling loads of shells of revolu;ion and géneral sheils.' Program§

A théh séem to haQé‘gained the ;onfidence of énginéers devéiqping:aeéign,
“:'Ctiteria_afe BOSbR 4, STACS, NASTRAN and MARC. EQen thoﬁgh many of

" these ?rogréms consider nonlinear éffecﬁs, véryvlittle cérrelatién ﬁas

‘been obtained between the results of these computer-programé to predict

experimental buckling results even when the imperfectioﬁs of the test

‘models are well known beforehand. For the actual design condition when -
"~ imperfections "and loadihgs are not well defined, cohputer prog:ams
-' .can.only be used as guidélinés or as a first step before knockdown

- factors are imposed. Ic»aISO'séems important that the limitations of

theéé'computer ptdgrams should be well documented;and'the codes should

" be easily available to those interested in the buckling characteristics

- of containment structures.

3. The ASME Section III Buckling'Criteria Regulatinn Guide 1.57
NE-3224 which states that
(A) One‘half the value of critical buckling stress'détetminedAby-

one of the methods given below



1. _Rigrous analysis which considers gross and local buckling,

: geometric ihpeffections, uonlineafities, lsfge deformations,
‘and inertia forces (dynamic loads only).
2. “Classical (linear) analysis reduced uy mafginslwhith'peflect
.;he-diffeyence betwceu’theoretiéal epd ectual loau cepacities.
3. eTests-of'physica1 models under sonditions of constraint which
l'feflect ﬁhe differenee betyeen theoretiealland ectuel load
capacifies.‘ ...‘. jle: {_f' |
must-be ehenged; The use'ofrthese-eriterie permits uesiguers to
selee;.uhe method which yields.a buckllug stress whicu.is leasﬁ ¢¢u;
, sesvatlve. In fact;'even with'tue'use ef the one Half fectef it isl
poss1ble for a shell to buckle at a stress below that predlctcd by
,; SHRR Method 3. For example, it is well known that some axial compre551on

cyllnder model tests yield results for carefully made spec1mens close

to 90 percent of the c13531cal buckllng value and others with imper—
1‘fections yield results less than 20 percent of the classical value
iThe use of Method 3 is valuable in establlshlng guldellnes for buckllng )
. criteria but_could be_dangerousvand.yleld unconservat1Ve buckllng‘stresses
lﬁll_;f the.physical models did not exactli approxiﬁate‘;he 1oeding and'A
"imuerfeetions of ﬁue full“scele epereting modele' Since it is.impossiblel
M'to know the exact geometric 1mperfect10ns and static end dynamlc loadlngs
of the full scale operating model Method 1. whlch ‘uses rlgorous ana1y31s
has ‘some of the same problems of Method 3. In cases where these factors
were known fo; test models,(figorous analyses were not,»iu uosc cascs, '
~ able toiaecuretely pfedict the experimentalvbuckling ualues. iMost'.

authori;ies in the field agree that Method 2 is the most reliable methqd :

. and this should be'reflected in the ASME Seetion III_Regulatory'Guidc 1.57._.




" The other \Qhods should be used in congunc’ion with Method 2 and only

in special cases, determined by HNRC, used to establish design criteria.

4. Until more test data is obtained to study the cffectsnof imper-

fections, asymmetric loading, load interaction, dynamic and nonlincar .

effects,-a conservative factor of safety-such as 3 should'be used,

5. A general procedure for determlnlng the buckling stress of a

-metal containment structure has been developed and is summarized below.

1. The containment structure w1ll be accuratcly modeled by

B using a general finite elcment program such as SAP 6 or NASTRAV

»‘_2-: Ihe‘dynamic and static load combinations of )
| ”Aa) dead loads o | B
'b)_construction 1oads ,'.
'h:c)-aCCident'design loads (LOCA)A
d) external pressureA: “ o
'7:fé) seismic loads |
':f>'penetration'loads.
":r”'g) thermaliloads_.h’_h

" H) symmetric;and'asymmetric'loads

'will ‘be imposed on the finite element model of the containmcnt-

“'p structure and a linear static and- dynamic analy31s using SAP 6 or

NASTRAN programs will be performed for all‘critical laod.combina-_i

tions}b Maximum stresses will be determined and tabulated

3. Aftet determining a set of critical maximum stress combina-

h_tions the maximum stress along any meridian will be assumed to- be
'axisymmetric.A This has' been . shown in the _past to be an accurate
and conservative approximation. These critical ‘maximum stress-

combinations will then be input to thc BOSOR 4 program and the




o igm ‘. overal“uckling load will be'det;zzfmin . The BQS()R 4 progranm
é?fT\’, | ééﬁsiders nonlinear prébuckling deformations and perform; a
_bifurcation analysis to determine the buckling load. Lsing this
. probqsed‘pfocedureasymmetpic1oads, interactioﬁ effects, dyqamié'
__ioadings; seismic effects and noniiﬁear prebuckling défdrmation
can be cdﬁéideredd. |
4. Once the overall buckling gfresées-are detefmiﬁed;:qﬁese‘
buckling Stfesses will be reduced By-margins‘which Qiil reflecﬁ
':;he differencé'between.theoretical.and~actual loéd capaéi:ies.
"The NASA design criﬁerié lower bound curves béséd on experimental
:dafa will Be used to Aetermine cﬁesc reduéed m&rgins ofvsafety.f
’5,. After'o?erall buckling ié iﬁve%tigated,ﬂloéalized buckling

will,thén be considered based on the stresses obtained from the

,linear‘static:énd:dynamic analyéis. iAny part of.tﬁe étru;ture that
ddes‘ﬂq;-satisfy~both tﬁe ibcal hnd-dVeréli buékling-fequirements‘
.wili'be'fedesignéd pﬁ{il;tﬁeéencritefia are satisfied. |
>At,tﬁé'éfésent_tiﬁe.§e afé
_ .'1).§valﬁating the variqus"containhen; vesééi‘ioading qoﬁditioh$ -
which'must be conﬁideréd foAdetermine'the dpbiigd static aﬁd dynahic
.stfessgs.‘  | ”
. ,2)i;§n£hesiéing fhe infofﬁation that we'have'obtainéd'and eﬁalud—

tihg and recasting this information in'the'form of a buckling criteria

- design document.
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SCIIOOL OF ENGINEERING -
DEPARTMENT OF CIVIL ENGINEERING

' October 12, 1977

Déét Colleééﬁe:_ )

The undersigned are involved in a project'Which.requires the -
‘compilation of information on the buckling of shells, including
‘shells of raevolution, under localized and  nonsymmetrdc loadihg.

- -We intend doing a thorough survey of the open literature as wcll as

‘relying on such compendiums as the Column Research Committee of -

- Japan's Handbook of Structural Stability and Applicd Mechanics ,
Reviews. ‘We are concerned, however, that much useful information
will be overlooked because of the relative obscurity of the journal
in which it is published or its unavailability in journal form.

. Thus, .we wéuld-be.gratefulufor.any~heip whichvyouvmight~qive
‘us in this task by taking-a few moments to search your memory and
.your files for titles and authors of papers and reports on the
subject of buckling under nonsymnetric- loading. -Copies of hard-to-
get items would be appreciated.  Your. aid will be acknowledged in -
. the final report on the subject, . a : o

o . Sincérely,

f; ?,¢[‘)£: '423Z%§;~.' . L , J’kzﬁjzz; o if;//152%212141452\62£:
S.F. Masri : P. Seidy . V.I. Weingarteg/ ;

. Professor = o Professor S Professor and Chairman
' ' E : Dept. Civil Engineering




.‘ . . . .

<

" B. Budiansky, Harvard University i RN

J.W. Hutchinson, Harvard University

. W.T. Koiter, Technological University of Delft the Netherlands

N.J. Hoff, Stanford University
C.R. Steele, Stanford University
W. Flugge, Stanford University

~J. Singer, Technion-Israel Institure of fechnology
-W. Nachbar, University of Callfornia at La Jolla

Dr. L.H. Donnell ' - S

‘Dr. D. Bushnell, Lockheed-Palo Alto Research Laboratorles

Dr. B.0. Almroth, Lockheed-Palo Alto Research Laboratories

D. Brush, University of California at Davis

C.D. Babcock, California. Institute of Technoelogy

" E.E. Sechler, California Institute of Technology

M. Baruch, University of Wisconsin

.G.J. Simitses, Georgia Institute of Technology

G. Wempner, Georgia Institute of Technology
T.H.H. Pian, Messachusctts Institute of Technology
W.A. Nash, University of Massachusetts, Amherst

- C.S. Hsu, University of California at Berkeley

E.H. D111, University of Washington

~J. Arbocz, California Institute of Teehnology
‘Dr. J.H. Starnes, Jr., NASA-Langley Research Center

E.F. Masur, University of Illinois at Chicago Circle

. Dr. V. Tvergaard, Danish Center for Applied Mathematics and. Mechanlcs
" Dr. F.I. Niordscon, Danish Center for Applied Mathematics and Mechanics
‘Dr. M. Esslinger, Institut fur Flugzerzban, Braunschwelg, Germany
A.C. Walker, University College, London
- J.M.T. Thompson, University College, London

R.M. Evan-Iwanowski Syracuse University

D.G. Ashwell, University College, Cardiff, Wales

Dr. E.I. Grigolyuk, Academy of Sciences of the USSR, Moscow

Dr. W.F. Thielemann, DVL Inst. fur Feltigkeit, Mulheim-Ruhr, Germany
W. Schell, Technological University, Darmstadt, Germany

_Dr. C.D. Mlller, .Chicago Brldge and Iron Company




