NUREGICR-2489

Evaluation of the Buckling
Stress Criteria for the Steel
Containment of the Watt Ear
Nuclear Reactor

Preare by P.Soled., V.Weingarten, S.Maii

Internationml Structural Engineers

Prepared for
U.S. Nuclear Regulatory
Commissieon

A PDR



NOTICE

This report wall prepared as an account of work sponsored by an agiency of the United State
Government. Neither the United States Government nor any agency thereof, or any of their
employees, makes any warranty, expressed or Implied. or assumes any legal liability of me*
sponisibility for any third party's use, or the results of such use, of any Inforlmation, apparatus.
product or process disclosed in this report, or represents that Its use by such ithird party would
not infringe privately owned rights.

Availability of Refereince Metriala Cited in NRC Publications
Most documents cited in NRC publications will be available from one of the folloiwifg sourcess:

1. The NRC Public Document Room, 17171H Street, N.W.
Washington, DC 20665

2. The NRC/GPO Sae~sProgrm,.U.S. Nuclear Regulatory Commissioin,
Washington, DC 20665

3. The National Technical Information Service, Springfield, VA 22161

Although the listing that follows represents the majority of docurnents cited in NRC puulicationa,
it isnot intended to be exhaustive.

Referenced documents available for inspection and copying for afee from the NRC Public Docu.
ment_Room include NRC correspondence and internal NRC memoranda; NRC Office of Inspectn
and Enforcement bulletins, circulars. information notices., inpecto and investigation noties
Licenosee Event Reports; vendor reports and correspondence; Commission pepe-g; and applicant and
licensee documents and correspondence.

The following documents inthe NUREG series are available for purchms from the NRC/GPO Sale
Program: formal NRC staff and contractor reports. NRC-sponeored conferenc p Mrocedings, and
NRC hooklets and brochures. Also available are Regulatory Gulides. NRC regulations Inthe Code of
Fedleral Regulations,and Nucilear Regulatory Commifton luu'ewav

Documents available from the National Technical Information Service include NU9EG seires
reports and technical reports prepared by other federal agencies and reports prepared by the Atomic
Energy Commission, forerunner agency to the Nuclear Regulatory Commission.

Documents available from public and special technical libraries include all open literature items,
such as books, journal and periodical articles, and transactions. Federa Roparv notices, federal and
state legislation, and congressional reports can usually be obtained from these librarinit.

Documents such as these, dissertations, foreign reports and translations, and non-NRC conference
proceedings are available for purchase from' the organization sponsoring the publication cited.

Single copies of NRC draft reports are available free upon written request: to the Division of Tech
nical Information ard Document Control, U.S. Nuclear Reglaetory Commission, Washington. DC
20555

Copies of industry codes and standards used inasubstantive manner inthe NRC regulatory process
are maintained at the NRC Library, 7920 Norfolk Avenue, Bethesda, Maryland, and are available
there for reference use by the Public Codes and standards are usually copyrighted and may be
Purchased from the originating organization or,iif they wre American National Standards, from the
American Natonal Standards institute. 1430 Broadway, New York, NY 10018.
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PRMFACE

This report was prekared under Contract NRC-03-79-124, and
completes our evaluat~on of the bucklln?\I stress _criteria for
the steel containment of the Watts Bar Nuclear Reactor.

Technical (and. COAR) monitor for the Nuclear Regulatory
Commission  initially was A.Hafiz. who was subsequently
changed to S. B. Kim.  The Project Manager for ISE was _

B. ossber?. The evaluation has been done by Or$. P. Seide,,
V. Weingarten and S. F. Masri



FINAL REPORT
6/30/81

Upon reviaewing the Watts Bar Nuclear Plant Units 1and 2
Containment Vessel Building analysis and the response to the questions
sent to the appli cant (see attached appendicius), we have reached

t " .fellowing conclusions:

1. The applicant's analysis and design methods appear
to be in accordance with prevailing industry practices.

2. The present state of the art of static and "~nmic
itructi...] analysis and design allows the applicant
to perform a more accurate and refined analysis than
was used by the applicant.

3. In the absence #, these more accurate analyses, there
still remali at, is of uncertainty regarding the adequacy
of the applicant's design. This does not necessarily
imply that the present design is unsafe but only that
amore accurate analysis is required to quantify the

margin of safety of the design.



4. The more accurate analysis performed by the applicant
should include attention to the questions still of

concern to the contractor:

a) The behavior of the shell in the vicinity of the
Moetrations does not appear to have been modeled
accurately in both tne dynamic and buckling analysis.
Thus, the effect of stress concentrations near the
openings and the adequacy of the stiffening around the
openings are uncertain. There Is virtually nothing in
the literature on the amount of stiffening required
to nullify' the opening from a buckling point of view.
The present analwsis therefore assumes that the
stiffening has the desired result without any verification.

b) For the shell c~ntaining penetrations, it appears
that no checks for convergence or accuracy were carried
out for the stresses in the area of the penetration.
Since the stresses around the penetration may trigger
buckling, the solution accuracy should be investigated.

c) By doing asm tte analysis for the supported equipments
the eff~ct of thj equipment on the containment shell is
neglected. Thus, the effects of interaction botvhen the
motion of the shell and its attachments are not properly
handled. Recent studies in the publishers literature
(P09 ESSA. April 1979) have shown that stnificent



interaction can develop under Seismic eXCitation even If
the isS ratio of the equipment is on the order Of ONe
(1) percent Of the main structure.

5. The use of any general purpose computer code such as
ANsYS, NASTRAN or MARC would provide the more accurate
analysis procedures needed for the verification of
containment design. The use of any of *Mee PregrAMs
Mould remove the need for many of the assumtions made
i nthe appli~ant's analysis.

For International Structural Engineers

Dr. P. Seiede
Dr. V. Weingarten
Dr. S. MaPr
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APPENDI CES

TVA's 4/14/81 responses to ISE's second group of questions

ISE's 10/27/80 review of TVA's first responses and more gstestions
. TVA's 8/15/80 response to ISE's first group of questions
ISE's 4/9/79 first group of questions to TVA

VBNP 2/23/79 buckling stress criteria supplied by TVA

SUPPLEMENT

Applicant's Response To The ISE Report
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UNITED STATES
NUCLEAR REGULATORY COMMISSION

Nr.WsON Beng NE

ltrnatoa Srcural Engineers

P.0O. Bl 9590
Blen"16e California 91206

Dear Nr. Nossberg:
Reference:  NRC Contract 003-79-124
Enclosed please find response from the applicant (TVA) 1O the

uestions' in your October 27, 196 letter. Plesas Call Me if
there IS any guestions.

Enclosure: As stated



TVA4

fitentite M. A. sohmsener, alet
Li cef sing Branch No. 2
Division of LWoeSmID

11's. Nuclea "leaatory COMILatn
Wash~kstobt DC  20"5

Dear iN. sohiencels

I's t~ie Matter of the ApplioatiO of

g Doket soe. 50-3%
Tommeses Val | ey Autbority 50-391

In a letter ated Deoeer 5 19800 frm 1. L. Tedesoo tormg TWA was

requested to provide addittoi onl aiflostiOs with respect to the Vatts 3wr

Nucdear Plaot Camtaloift Vessel 14114136 Audyue Inclobed Is the
requested IntormstLan.

very truly yaws#

L. N. 3N11s NMge
belier septLetiond saret?

d &acwew W~

-11 4ald

SIO—1—0—s



UVRUREW

VA'lh WA NUCLEAR PLANT MIfS | ANM 2
COKAENM  VESEL BUILDING ANALYSIS

Before proceeding with the responses to the revised Mnulear
Regulatory Comkissicfl questions, additional desipl and analysis
data. on the containmenit vessel are presented W demonstrate the
adequacy of the design. An overviev of ysur cmments to Owr
responses indicates that your concern, is primarily with the shel
stablity maoud major penetrations and the accurecy of
decoupling the dynamic response of the, locks and batch from the
primary Struoturé under pressure transient and seismio

The Watts Bar cnameti s unstiffened Iongltudinallk/ With the
exception of the span between elevations 7031-9-3/80 sAM
716 .7-3/g and around maor penetrations. In the area of these
penetrations, the contairtment shell Is heavily reinforced with
1.3/Sminch by 22-inch stiffeners as shown on the attached Chimap
3i&o'q and Iron (Cal) drawings 46 and 213 with sup ortin% ’

, an

Gawaswns, 43, 55, 83, 84t 859 $yo 919 929 96, 99, 200, 20
209 to define stiffener Sizes.

Table | (copy attached) gives asoon” of daum stress
intensities In the shel around the maor, penetrations resulting
from the oust severe load combination. The oclim labeled
'‘inertial stress |s the stress in the shel _from the decoglpled
anaysis of the locks and equipment hatch. The column labeled
‘initial stresso Is the stress In the areaof the penetrations
from the combined affects of design basis accident (poessure
transient), seismic, and dead loads. Note that eve if the
inertial stresses are maltiplied by a factor of 2p the total
stress intensity would be less than the AM3 cofe allowbles.

Apart from their role in carrying th general .ewbrne Siress
around the penetrations, the ‘local stiffening warud the
Personnel locks and equipsent hatch are veM " effective In
suppressing the adverse effsect of local buckling. . This Is
especLalj%atrue if the mesh of the reinforcement is smalle than
the minima local buckle region- Vutheuce, the stiffening
reduces the shel stresses Tn the panels betwee stiffeners
wherea the allowable buckling stress for the panel Is hlge
han for an unstiffaned cylinder. The miAim “alUMble boUd"n
stress for a'ia ew. essiri for amthelogpels cotlnsthe |
egup~etbatch and personnel ld | ips Per "g~an 1"s
(I/i owppred to an equivaent allowable buckling Stress of
0.7 li/la In areas of the shel witen veatOal stifenes.

Table | is a list of the stress intensities In th —ananmn
shel is the area of the leok* and batch. fthes = sirsess
intensities ane calculated from the midam tension Owd _
Moeweive strsesses and are less Men the st"es Latowsstes In



the goenus shell. rae mulua oouipressive streswe in the are
of the lodok and hatch were not tabulated, but due to the ,
additional stiffening, the?/ will be less than the compressive
stress 10 the general shell.

nionr 6 (ospy attached) of the response t4 the orl%r:nal
questions shove that the buokling ratios were Uwes than | for all

area of the genral shell. The additional membrane TVprusu
stresses In the are of the looks and batch due to the oa

rsponse. or the looks and latch Will be lesse than or equal to the
maxion membrane (PE) 8inertial stress* of 1.6k/fin hw in

table 1. hon If tE6 maximas oouipressive stress is adutplied

bY a factor of 2, It Will still.be nuh-less than the inoremental.
allowable buckling stress of 5.2 .k/In. (149 - 9.7) between, the

local are a'~imd the looks and batch and the genéral shell.

Therefore, tae buckling ratio of the shel In the area, of the

leeks and batch Is less; than | and this arza of the ntien

meets the specification, buckling oritoria.

Provide a desoription, of bow the beaoklln ourves contained In the
report vere applied to the buckling of tho oontaMmt Vessel,
The desoription should Inolude the applioation of these buckling
comes to asymmetrio dyfaao loads In the aromas where
penetrations” are present.

Away of amo 211

Ve are still concerned flor the reliabilit of the buckling
Malysas.  The behavior of the shell, In the vicinity of the
Benetratlons do"s not appear to bae" heen modeled aeourately In
oth the dyaMie and buciding analysis. Thus, the effeot of
strums .osncentrafions nar the openings and the adeqluaq .of the
stiffening arowud the opelnin  aré undertain. _There 1s virtually
Pothing In the literature on the amount of stlffenln% required to
AU IIg/_ the og nin  from a huckling gqmt of view. The presenat
analysis therefore assumes that thé Stiffening has the desire
result without any verifioation.

The ea aOretlalS stiffemes on the Vatts hkr containment are
"edowe to have Sufficenet Stiffnesses to mnftore nodes at the
eiremnfumntial stifteners so us to preclude agenerl
instablity sofe of buckling failure. Vertical’and additional



34.

circumerwential stiffening was designed (see C8 drawings 46 and
213) so-as not to compromise the areas around the mgjor”
penetrations from a stress intensity or buckling viewpoint. The
ware replacement of the oEenlng, ‘according to AR code, .
section Mg subsection NE, combined with”the special stiffening
essentially tnullifies the effects or the opening. llefer to the
introduction far further discussion of buckling relating to the
looks and batch*

Provide a description of the assumptions Involved in modeling the
ecutafament, vessel in  ~re to use the progren identified IN
question 3. This description should include a discussion of any
convergenice and/or accuracy checks that were made.

ReView of answer 4t

for the oaynsetrio shell, the convergence check is acceptable.
lewever, for the shel containing penetrations, It appears that
no checks for convergenoo or accuracy were carriedout for the
stresses in the area or the penetration. Sinae the stresses

wround the penetration may trigger buckling, the solution
accuracy shguld be iLvesgigte%% :

141200°

As described In the introduction, the shell stresses In the areas
of the locks end hatch have been evaluated sod meet the
specifications end A8M code eriteria

-msionll

Rplain the oncedure of obtainin the stre" distribution in the
shell using lumped. mass besm model inste& A of a shell model far
the dynamie seismic analylss.

AWIMI o OhD 6

The ae of the Timeahenko shear bea as anmalog for a
&Us (Witnout penetrations) shell of revolatiem IS _
table; houwer, for the ‘constament vesse Imder disousAim
there Is no dootmentation or justification that MU simplistie
approach is applicable end that It wil sot mpaprees shell modes
Istt_he real atructure that will be waited by sansmi  peimd
motion.



The large masn”  attached to the ooutainst 'qud awe the two
erSomMmel loob alW the equipmet batch. in the ame of thes
emetratioms, the osutaLment 21hell |'s hiaviireinforoed with
1-3/0-inc by 22-Inch stirfenens ~asovi an ittached cll
druxins 46 ad 213. Usese stiffenere restrict the response of
the shel to dysamic uvement of the loolm and hatch, _
Therfore, these dynsdo aotions of the looks and batch will be
Very local and not be assocoiated with - 1113t shell modes of
the struotiwe.  Wder these conditions the shebl. modes of the
real structurer will not be si nlflcan_tl'ly differet from the shell"
modes Of an auisysmetrio model and will not be si Nnfoaly
excited by seismic loads.

Ixplaft the justtioiation for' using an Ausymmetric Py go$&
eamputer propau for the oontaimsnt lesdl

LitLough the anwer to qustion 7 states that the approach to
analyzing the lodok and hatche as asup{)orte subsytm Wes use
ftu the dYmalo analysis of masear plaits, it does net address
the question of the accuracy of this approagh ft." OynpMM
buciamlyss- iether twunefiation or this approach is

As $BIW O attached 02& 1 M X@wih 213t the areas wade
the pereomfi4 loots and equipmet hatch are heavily relstwrced
with' 1-3/5-Smh b}/ 22-lash dllffeme  rs*tan* dtiffener &
sem.Jution with the 3-lafh thick woaste fr the equipmet hatch
end the 2-Inch thick woastes for the perscmnel [ooks will
preclude buckling of the eintalmeat shell in these ares.

loain In Meail the wieritlasad Its Justfiostimm hr
deteamniala  the Intereaction effeets beween the gentalment ashel
sad the attached eguipument



By doing a soversta analysis for the supported equipments the
effect of t-e-quipient on the containment shell Is neglected.
Thus, the effects of interaction between the notion of the shell
and its atacbmenta are not properly handled* beaet studies In
the -published literature (P00 NSA,” April 1979) have shown that
sinniticant Inteonation can develop under selauie excitation
*van if the am ratio of the equipment is on the order of

| yvrcent of*the main structure.

The study In the published literature reference (PC, NSA,
April 1979) shows a maxima error an the nonconservative side of’
94 percent when an uncoupled analysis Is perforised In lieu of a
coupled analysis. It was shown In the Introduction that the
stresses from the uncoupled analysis_can be Increased by

100 percent without exceeding specifications and AM6 code
alowables for stress intensity and buckling. This further
substantiutes the adequacy of the Watts Bar contalament, design.

031037.08
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October*27, 1980

M. Sang Bo Kim o
U.S. Nuclear Regulatory Commission
Office of Nuclear Regulation
Washington, D.C. 20555

As. Watts Bar Containment Building
Contract No. NRC-03-79-124

bar Mr. Kim;

We have concluded the review of TVA's responses to our questions.
Enclosed is a copy of the results.

Task 2j, as specified in the contract, calls for a second too-da)é meeting
with the applicant in Tennessee or Maryland. = The agenda would be the
questions and our reservations as described in the attachment.

Task 3 specifies that a final report be submitted, encompassing the
results of Task 2. we currently have enough information to proceed
directly to Task 3. To do so, we would need a directive from you

regarding if and when the second meeting in Task 2will take place.

Pleatse advise as soon as possible whether to prepare for asecond two

i ' . The final report
6 1 MeRHNG Qertdirs tAThP r(k)fortlln%(,e gln_avlver\e/\ﬁs%rtto Start 5 soon_As
possible to meet the December 31 deadline.

Sincerely,

Bgt Mosther
Eacloswres

P.00. BOX IM  @GLENDALE, CALIFORNIA 9IN.5X  TELKPHONG 121318374330



REVIEW OF TVA's
RESPONSES TO QUESTIONS
SUJBMITTED APRIL 9, 1979

SUBJECT. Watts Bar Contai nment Building
Contract No. NRC-03-79-124

After a careful review of the TVA document entitled "Watts Bar-Nuclear
Plant - Containment Vessel Building Analysis" -dated February 19,, 19809
Dr's. Seide, Weingarten and Hasri find themselves in agreement with some,
but not all, of TVA's explanations. In particular, the replies to
questions 1,39 5, 8and 10 are considered satisfactory. Drs. Saide,
Weingarten and Masri find themselves in some disagreement with the replies
to the remsining questions (2, 4,6, 7and 9). Their coments on the
cited replies are listed below:

20tion 2. _ , _
vroaide scription of how the buckling curves contained in the

report were applied to the buckling of the containment vessel.

The description should include the application of these buckling

curves to tasymmetnc dynamic loads in the areas where penetrations

are present.

Laview of Answer 2: o _ _

No are still concerned for the reliability of the buckling analysis.
The behavior of the shell in the vicinity of the penetrations does not
appear to have heen modeled accurately in both the dynamic and
buckling analysis. Thus the effect Of stress concentrations near the
openingS and the adequacy of the stl_ffen_lng% around the openlnﬁ are
uncertain. There Is virtually nothing in the literature on the
amount of stiffening required to nullify the openln? from a

buckling point of view. The present analysis therefore assunmes that
the stliffening has the desired result without any verification.

Provi deascription of the assunptions Involved i nnodeling the
contaj nment vessel i norder to use the pro%rams identified In
Question 3. This description should Include a discussion of any
convergence and/or accuracy checks that were made.



Paayloﬂnswerélz _

For the afisywunetric shell, the conver?ence check is acceptable.
However, for the shell containing penefrations, |ta?pears that no
checks fcor convergence or accuracy were carried out for the
stresses in the area of the gene_ratlon. Since the streutes around
the penetrating may trigger buckling, the solution accurp.,.cy should
be investigated.

Epain t e procedure of obtaining the stress distribution in the
shel | using Tunped mass beam Aoddl instead of a shell model for the
dynam ¢ sersmc analysis.

Review of Answer 6:

The use of We Timoshenkon shear beam as an analog for a prfect
§WIthOUt penetrations) shell of revolution is acceptable;li-oievrs
or the containment vessel under, discussion there is no documentation
or justification that this sinplistic approach |saPpI|cabI e, and
that 1 twll not suppress shell modes i nthe real structure that

will be excited by seismic ground motion.

ExpanWejustification for using an axisymuetric geometry computer
program for the containment vessel.

Reie oew-f Anwer ,
Athoug te answer to question 7states that the approach to analyzing
the locks and hatches as asuPported_subsystemwas used for the
d?/namc anal ysis of nuclear plants, itdoés not address the question

of the accuracy of this aFRroach for dynamc buckling anal ysis.

Further justification of this approach”is needed.

Expainfndetail the criteria and its Justification for determinin
the interaction effects between the containment shell and the attached
equipment.

Revewof Answer 9: _ _
@oing  satela analysis for the suplpo_rted equipment, _the effect
of the equipment on the Containmnent shell is neglected.  Thus the effects
of interaction between the motion of the shell and its attachments
are not properly handled. Recent studies in the published literature
SPO, BSSA, April 1979) have shown that JjGnjfjcnt interaction can
evel op under seismic excitation even If the mass ratio of the
equipment Is on the order of one percent of the main structure.



The questions 2, 4,6, 7and 9 are not yet completely answered and
as our reviews indicate, they raise some serious reservations about
the containment building desi gn.

We feel that these areas should be addressed immediately at the
next two day meeting (as specified in Task 2 of Contract MRC-03-79-124)
between theapplicant, ourselves and the COAR.
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UNITED STATES
NUCLEAR REGULATORY COMMISSION
WASHINGTON. D. C. 2065

Eﬁrespaqt d'eaﬁ t Mossherg

International Structural Engineering
.0.BOX 9595
endale, California 91206

Subj ect: Vatts Bar Containment Building Contract No. 'IRC 03-79-124

Dear M. Mossherg:

Encl osed please find acopy of TVA's response to our questions regarding
the subject matter. W are sending the response to you so that you may
conplete the contract work, The contract period 1 sbeing ext ended _from
May 319 1980 to Decenber 31, 1980. Confirmation of the extension I's

expected to be issued by the Division of Contracts, NRC
Sincerely,

Struct 4l Engineering Branch
Dvis of Engi neerlnfq ,
Office of Nuclear Reacfor Regulation



WATTS BARt NUCLEAR PLANT

CONTAINMENT VESSEL
BUCKLING ANALYSIS

February 19#1980



Before proceeding with the responsen to the MRC questions,, a
brief description of the contanment vessel follows. The
containment is a low-leakage,, free standing steel structure
consisting of stiffened cylindrical walls with a hemispherical
head. The atiffeninj 1spri rrar|_l¥ circunferential; however* one
of the vesselts lower bays is stiffened vertically. The
circunferential stiffe'ners are spaced roughly four times M.
go foot intervals) and the vertical stiffeners are spaced at
dtegree intervals. Cther locally stiffened areas are provi ded
around the equipment hatch and two imersonnel locks. The base of
the containment vesnol i s anchored in a concrete mat usin
pretensioned bolts on the inside and outside of the vesse
extending down into the concrete mat.  Equipment supported from
the axisytwd'ltric containment vessel include the personnel locks,,
equipment hatch and other minor attachments shown in Figure

Fioure | shows a scitieatic representation| of the containment
vessel geome~try. Important inlormatiofl includes the shell
thicknesses, vessel overall dimensions# ring locations, and the
site of the stiffener rings. The location of the major supported
equi pnent i s al so shown with dimensions roughly to scale.

F_igure_ 2 shows a plot of the frequenc~ies for the modes of natural
vibration of the containment vessel. The natural frequency for
the first and second axial modes for each of the Fourler

harnoni cs of major interests are plotted.

|ISLIWEU-M f2r

QV29tion 1. Provide a description of the exact applied loads
iie.4 or the buckling analysis. if any computer peograms were
used to obtdin thestc liads. a complete” description of the
computer programs shouid~ts supplied. This description should
include a di'scussion of the analytical and nunerical nethods used
in the program, as well as a statement of its limitations and the
methods used in its verification.

The cont~rolling load combinations for the buckling analysis are
combinations No. 3 and No, | ain section 3,0.2,3.2 of the Watts
Bar FAUN. The hydrostatic and thermal loads In these
comb~inations are “not considered significant from a huckliry
standp~oint ind design internal pressure tends to increase the
buck'ling strength. ~ Therefote, for the buckling analysis dead
weight and transient pressure |oadn were combined w h Operating
and Design Basis b~rthquakes, since these combinations rodluce
the greatest meridional and hoop compressive trembrane stresses.
For further discussion* see Appendix A.

4 description of the computer programs used to dote.-mine loads Is
rovided In out response to question 3. This description
ncludes a U%cussion of program limitations and me-thods used.
The Fourier series used to rvpresent the specified asymmetric
pressure tr~aslent was plotted fot all elevations for
represefltati~ve transient times# and the plots were checked



ajatnat the WAh pressure curves* Fourier coefficients also were
dalcul ated by Anamet Labe and a cross check on the Coefficients
was made,

| 1tnt2 ide a_dencription of how the buckling curves
gcl)<ntaltltgt ?n mgv}epo?t vevgre Igap |I€C? to the bucﬂﬁng gof the

containment vessel.  The description should include the
application of. these buckling curves to asymmetric dynamic |oads
An the areas wbere piene~trations are prespnt.

BEURgmel

Mepmbrane stresses | nthe containment due to deadweighte seismic
and transient pressure |eads were cal cul ated* The deadweight
stresses wre deternined using hand calculations and seismic
stresses were determinedc  using the beam model described in our
resyonse to Qu.stiou. 6. An asymmetric transient |oad analysis
was” pe~tformed” using a shell of  revolution model for the pressure
transients from all of postulated breaks.

The buckling analysis was performed usaing CDt computer program
£1391.  The maximim deadweight and earthquake stresses wer e
combined with the transient |oad stresses at each of 40
timesteps, at 123 elevations and at 24 points around t he vessdl,,
evenly spaced at 1S degree i-ntervals.

Figures 3.6-1 through -10 in the Watts Bar FSAR were used to
determine the critical buckling stress based on the containment
vessel geormetry. In grnerall, these curves are based on
theoretical and experimental results for buckling of shell _
structures. The shell hays between the stiffeners are considered
as ninplysupported cylinders and the vertically stiffened bay
assumes panel buckling indetermning critical buckling stress at

a given elevation.

The interaction equations given in Appendix 3*.S.-e and -S of the
AR were evaluated taking the summation of the stress ratio. of
conp~ressiveb menbrane to critical buckling stress times the
buckling load factors inTable 3*.6.-i., These summations were
Investigatel at each timestep azinuth and elevation described
above. tn this evaluation# the |ongitudi nal nmenbrane stresses
Eroduced by the asymmetric pressure transient |oad (NASPL) i nd
ori‘'ontal " earthquakes were considered as caused by bending loads
I'nthe interaction equations. Deadwei ght and vertical earthquake
load.. cause axial compression in the equations.

These interaction equations provide the criteria for evaluating
the interaction of nulti-axial conpressive stress and hoop
CONMPreéssive streas. Toe maxi mum stress ratio sumation
considering all 24 points aro'an the circunf erence was tabul at ed
for each elevation for each interaction equation specified. | n
the areas whece there were malor penntrations which interrupt the
basic. stiffening Rrhoni on the vessel# stiffeners were designed
to carry the stresses in the shell around the openinj.

~1U49~]. Provide in-depth description of all computer
grogjram JBLmI In the buscl%‘i)ng anaIySIpS. The 868(3?’?[3’[ on should



state tlv. origin of thc! prograsa# it-i limitations, and the methods
urwi to verify it~s validity.

lestonse

Appendix B presenta. abstracts of the corputer programs employed
in the buckling analysis of the watts Par containtent vessels.
These abstracts provide a description of the each program and itt,
limitations* CH programs 11714 and ROM8A and Anarnet|R BALL
programl  were verifited by comparison with results of programs in—
tt o.gublic domain. The other programs were verified by
comparison with the reasults of handl calculations. The dynamic
shell analysis was donc! using CHI program 1374, which was
developed by CRT from the Kalmins shell of revolution statics
prolram. The results of this analysis were verified by the
results of lAnamet's analysis using the SALL program.

QWto Provide a description of the assumptions involved in
modeling the containment vei~sel in order to use the programs
identified in Question 3. This description should include a
di%cussion of any convergence and/or accuracy checks that were
made.

it pone

The vessel was modeled as an axisympetric s1-11 of revolution.
The circumfierential Stiffeners wére modeled i~scretely as ring
stiffer'ers. The section of the vessel that has vertical
stiffening was modeled as an orthotropic shell.

The roproseantatiofl of the specified loads required a total of 21
Fourier harmonics. This Fourier representation included ten sine
and ten cosine termr plus the. axisymometric loading. ~The vessel
was assumed to be fixed it the base, and the mass of any
supported equipment was s*ared over the circumference at the
appropriate €levation.

In addition to the tosua convergence and accuracy checks uned
with shell of revolution models. a completely independent
analysis wess done by Anamet Laboratories using a completel
different computer program and model for one of the speci1>i/ed
pressure transients. A comparison of the 13714 results with the
Anamet results for a similar vessel geometry is shown in
Figures 3a and 3b

—lei2" 5 Provide a complete step-by-st~ep des-ription of which
g\gnd how thae buckling strosspcr?t~erei% V\\//e:e egpplied. prion

331IM221

The buckling criteria i n Appendix 3.8B of the FSAR was applie-l to
the Watts Bir Containment design. The step-by-step approach used
foe the appy ication of these critecia has been described In our
response to Question' 2 and in Appendix A

f~igEPL .. Explain the procedure of obtaining the stress
istrlbution in the shell. using lumped mass bear model instead of
a shell model for the dynamic Seismic analysis.



ResponS2

The Tinmoshenko shear beam is a realistic anal og for the' response
of a shell of revolution to seisnic ground notion. A conplete

dis'-ussion of the us® of the beam viodel for the seismc analysis
of containment vessel is provided in Alopendlx C.  "The Design of
a Thin Shell Nuclear Containment Vessel for Seismic Loading"m by

Jon Hagstcorn.

Question 7. Explain the justification for using an axisymmetric
geometry computer program for the containment vessel.

eStagonl e

The main appects of tile contai nment geonetry that are not handl er!
precisely by the shell of revolutions mpdel are the vertical
stiffening and the attached equi prent, Primanly the |ocks and
hatch.  The spacing of the vertical stiffeni Ng used for the Watts
Par c!ontainment vessel is such that the orthotropic
representation is a very reasonable one. This can be verified by
result. in the literatare or static analysis.

Por the attached equipnent, sone additional consideration is
necessary. —Inthe analysis of the Watts Bar containnent vessel
this aspect was handled by doing a separate dynam c analysis for
the response of the locks anti hatch. The procedure for doing
thic aidditional dnalysis is spelled out in the FSAR,

Par. 3.R.2.4.7. In effect, the |ocks and hatch are treated as a
'supported subsystemn and they are evaluated ys; ng? a separate
dynamic model.” This general approach is commonly used in the
dynamic analysis of nuclear plants.

gueut~jon a.  Provide the crit.ria used in the computer program to
caicjila~tewt  bucxiing loads. .escription of the mass matrix
formulation and how the makima. at each time point were chosen in
the CRI containment shell analysis using the finite element
model.

Res, Zol m

The criteria used in the bucking program is described it, our
response to Ques3tion 2 and in Appendix A, hs discussed, for each
time-tep 24 locations around the circunference were consi dered at
each el evation jnvestigated.

The mass matrix formulation for tho 1374 program i s described in
the plrogram abstract for 1374 in Appendi x B.

n. j i iteri ' ' i fication
fo.HrSRJétlePn'r m ni ﬁé pl ﬁéni ﬁtnefja%$?gntg?f &rtlge Ieztiwggrﬁj H}S gﬁtt zlii }ment
shell and the attached equi prent.

As described] abovet interaction effect, between the contai nnent
Quel ), and the attached equipmewnt was deptermined by doing a

separate analysis for the supported system. A time history
renpo~nne of the notion of the axisymetric shell at the point of



attaciagient 0f a lzupported Systevs jas determined from the shell of
revolistion results. A response -.,.-ctra for this calculated
motion was generated; the frequer'. .es of the supported system was
calculated: and a spectral reupn. - was calculated.

An exyerimental and the~oretical livstigatiofi of mass loading
effects has been reported by North American Rockwell Corporation
in Report SD 68-29. Excerpts from~ t~his report are included In
Appeaidix 'D" of thin rpsivonsee

Q~s&J0 10.Wasn a thermal analysis conducted? If the answer is
yen, dererabe stop by step the procedure that was followed.

Two thermal analyat's were performed on the contai nnent vessel .
ne anal yai s wan an axisymmetric thermal of the enmbednment region
to investigate the effect of the base restraint. This anal ysis
utili-zed axisymetric el ements to rmodel the |ower containment
region with the tenperature distribution shown in Figure 3.8A-2
of th~e FSIUS. Figure 4 shows the sunmat i on of stresses due to
coinc.ident loads.

The other thermal analyxis was an asymmetric analysis of the
contai nment vessel using an axisymetric shell of revolution
model.  The. tcmperati-re di stribution varies significantly inthe
circunferential and vertical directions 1000 secontis after the
pressurn transient (LE3CA) creating internal stresses in
containment from self-constraint. Fourier repre'sentat~ions Were
used to simulate the circunferential tenperature distribution.k
step-by-step discussion of this isnalysip i s given in Appendix F..

The stresges ntserved from thetse analyses are significantly | enss
than the MIME allowabli' stresR intensities. Therefore It can be
deternmined by observat16n that buckling Innot a probl em

oues.A2n11. Provide a list of all the loading combinations and
the stre-ss dllowables (stress intenlsity and buckling stress)
whi ch had Ibeen uned inthe design of the steel. containment.

Tle loading combi~nations used _in the despn of the containment
vessels are given in Section 3.8.2.3.2 0 the FSAR.

TAble .1.- in the FAR gives they allowable stress cr_:...ria for
these loadintl combinations. Appendix 3.8R of the FgAP %¢he
allowable bticklin"q criteria for all loading coahinaticr .

Ques'tion . indicate the critical loading conbi ~nationsi which
contr~o0 _tthe design of the stebel containment shell with rtepjrd to
strc.hs intenqgity and buckling. Identify also the region~s and/or

regions of the steel cnittainment. which was controlled by theme
critical loadings.



o_n\ly those |'ading. comindtions witha gressure transients (MISPL)
go ern t-he iliell wit-h regard to stress Intensity Amndior buckling.
ee attached Fiqureq Sand 6 for a sumaryo

2.SALt 13.  Indicatev appraniviatelyt the contribtatJon (as a
Bercentage of the &Liouah e stresB  intensity and allowable
Q|'F.>k{_||_nq Ifz&Js) of each of the loatings identified in

uPutiLon  12.

Refer to figures 5 and 6, Percentage* are in parenthesis.
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Appendix 1?
Appendix d

Appendix d

Appendix E -

LIST OF APPENDCES

"Discussion of Ducklintg Analysiii, Section DCA, Watts Bar
Stress Report

"Description of Computer Programa’ - Section C, Waltts Bar
Stress Report

"The Design of a Thin Shell Nuclear Containwv t Vessel for
Beismic Loading" by Jon Hagstrom

"Maui-Loading Effects an Vibration of Ring and Shell
Structures' by S. Y. Lee, S. S. Tang, and J. G. liyeou,
North American Rockwell OD 68-29, dated February 1968.

"Effect of Nonuyumetric Therma Loading on Shell”
Appendix 0, Watts Bar Stress Report
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DI SCUSI ON OF BUCKLI NG
ANALYSI S

This section presents the buckling analysis of the Wtts
Bar Containment Vessel for the pressure transient [oadin
condition. _This buckling analysis isperformed i naccor
ande-.41th TVA Specification 1440.

Shel | loads for the buckling analysis are developed inthe
section presenting the pressure transient shell ‘analysis.
| naddition to these pressure transient l|oads, this analysis
al'so considers the effects of the shell weight, mscella
neous |oads. and loads resulting from vettical and horizon
tal seismc action.

The buckling analysis isperformed using CBl conputer pro
gram E1391. © The pressure transjent |oads developed by the
pressure transient shell analysis are stored by the_com
puter and then read i ndirect ){) bi program E1391.  The
other |oads considered i nthe buckling analysis are derived
i nvarious portions of the analysis of the containnent
vessel.  These_|oads are assenbi od and Input separately into
the program . The geonetry of the vessel describing the
shel " and stiffening and the material properties are also
read into the prograik.

The program performs the buckling analysis for the vessel
at each point considered | nthe pressure transient shell

analysis. For the Watts Bar Containnment Vessel the follow
ing points are checked:

6 Not Leg Breaks (aSSE)
6 Cold Log Breaks (aSSE)
| Not Leg Break ( SSE)
123 Elevations for each break
24 Azimuths for each elevation
40 Tinesteps foresach azinuth
The analysis isperformed using all of the breaks for the
one-hal T~ safe shut down earthquake and for one break

' E
for the safe shut down earthquake (SSE). " It can be noted
that by conparing the results of the buckling analysts for



Bimnga Design

the SSE break with the correspondi nc}; break using s SSE
the . bckling ratios are laiger for the hsSSE conditi on.
ThE" Titor of --A'- for the hsSSE condition is1.25
white for the SS c'ondition it it 1.1. Since the seismc
|oads are small conpared to the pressure transient [oads
it can be seen that the hsSSE condition isthe critica~l
condition. The one SSE condition isreported to confirm
this fact and it isnot necessary to investigate any
other breaks for the SSE condition.

The pressure transient loads are input at each point under
consideration while the other loads are input af fewer

| ocations. The Program Performs a linear interpolation
to obtain the values of these other loads at each point
where the buckling stress i scalcul ated.

| norder to determine the critical buckling stress at

an%/ point, It snecessary to determne the vessel geo
metry inthe region of that ROI nt. The program conSiders
several cases depending on the shell and stiffening arrange
ment. Once the geonetucal, properties are deternined the
program cal cul ates the critical buckling st~ress i naccord
ance with Appendix H. Revision 1 of TVA” Specification 1440.

BK mul tiplyi n? the actual stress by the Afactor, f et
and dividing the product by the critical buckling stress
the buckling ratio |séieterm ned.  The buckling. Tatio
| scalculated for neridional stresses due to axial and
bending |oads, circunferential stress, knd shear stress.
These Tndividual buckling ratios are then combined to

{_Iorm the final buckling Fatios i naccordance wth Appendix

For each elevation under consideration the program cal
culates the ratios for all azipuths and times and finds
the maxi mum buckling ratio. This ratio, with its corres

sponding azinuth and time | sthen recorded.

Afurther discussion of the methods used may be found on
the follow ng pages.

Koo~

LY AT L~LL
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Longo RIrMinsham

Description of Program E13910
Shel | Suckling Analysis for TVA Containment Ves;nl

| ,*1reduction

Program 013910 performs the bucklinig check of the TVA ice
co' e-onser contai nment vessel for Non-axjSymetric pressure |oading
ct..binirg wth the dead |oads and seismc’ loads occuring I nthe
~el “The non axi symetric loads are devel oped by CB pro?ram
£1374 The result] n% stressesA > corrpared o critical buck |n% ,
qtr(fess éand by usini S specifiecA-factor 0*-s the buckling ratio
I'stoun

Cal culation of Dead Loads and Seismc Loads

As ageneral rule, dead loads and seismic |oads are calcul ated
ai afew points along the vessel and the vessel 1 schecked for
buckling at many more points. As aresult the program perforns
a Ilnear interpolation to derivi the dead load's and seismc |oads
UL any given point along the vessel.

Cal culation of Citicial Buckling Stresses

. Inorder to determne the critical buckling stress at a
given point it |sneces_cry to determne t-~e ?eorretry I nthe
Fegion of that point. The program considers Tour-cases:

I|n ers tlffene rrer|d|monall a\nld circunferentially
¥/rl] erss ]!fffene crreunferen I?
e stiffened circunfereptia and neridionall
d Rstf ?tned spheres P y Y

For each of these conditions certain constants nust be
determned based on known geonetry. This iInformation |sinthe form
of graphs and | sinput into the conputer as a series of straight
1:nés. (nce these constants are known the cr|t|cal huckl i ng

| tsesses. can be determned using the Epplicable fornulae. Those
caIcuI ations are based on Appendix No TVA specificat~ion 1440.



Description of Program E13010 cont. ow  rinh

Cal cul ation of Stress &nd Buckling Ratios

The Ipro?ram calculates stresses and buckling ratios at any
nunber of elevations and azinuths and for any number of tine .
}rJeHods and then finds the maxinum buckling ratio at each elevation.
he program cal culates four stresses at each point:

a~ nerjdional stress due to axial |oads
b meridional stress due to bending |oads
c circunferential stress
di shear stress

The program considers only conpressive stresses, |f astress
istensile itisset equal to zero. For each of the stresses
a buckling ratio iscalculated using the stress nultiplied by-a
factor of safety and divided by the critical buckling stress.
These buckling Tatios are then” conbined dnd five ratios result:

Axial + Grcunferential

Axial + Bend4ng

Axial + Shear _

Axial + Shear + Sendin .
Axial + Shear + Grcunterential

POOTOD

After these conbined~ratios are calculated, the maxinuns regardless
of tinme or azinuth are recorded for each elevation.

| nareas where vertical stiffening ispresent the progrem cal cul ates

.he bucklino ratio of the stiffenéer acting-with the shell as a

colum sinply suppérted at each end. The portion of the shell

used in the column is determined using the rules of the Shell

Anl ssMha referenced i nAppendix Hdof Specificatio-11TO
Thecki ngratio |scalculated i nthe manner discussed previously

and the maxinum i srecorded.

Program Output

~The program prints out the following data at each elevation
consi der ed:

a~ Pasic shell data and geonetry of stiffeners o
b Load such as static pressure, dead loads, and seismc |oads
Suckling stress coefficient
d The five conbined bucklinc-ratios.

Vertical stiffener buckling ratios.
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CHICAGO ORIDGE h IRON COMPANY

r~f nAN31374 1&/81.73

| = Introduction

Program 31374 1 sC9i"'s shell dysiamc analysis progra:a.

Preseitly, it iscapable of extracting eigenvé& ues and
performing undamped transient analyses., Non-axisymmet
rio load. can be handled through the use of appropriate
Fourier series.

The equation of notion for a particular Fourier harmonic)7
of an undanped systemi s

(MAXJ~ + KIRA

where (Mn) Mass matrix

a
a Stiffness matrix
a /applied | 0ad
a D splacenent
a Acceleration

Note that all of the above are functions of n.

| norder to calculate free vibration frequencir. and

w~de shapes the applied load i s set equal to zero,

Is assumed to be a harnonic function of time# and thot
ei genval ues and eigenvoctorsof the resulting equatio'i
obtained using the method shown in Section 4.

| f the transient- response due to 6 tine-varying louZ~a
required, the numerical Mt 7ration te'chniquo outliw
| nSection 5 i sused.

E7.-49

AMbR Am'' DisceepT1,J v 7. 110173 1AM7
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tomooe

Stiffness matrices©

i ngeneral the procelure for forming the stiffness matrices
i sto~first find influence valuese for each segment (or
eas.-w.nt) using Runge-Kutta nunerical Integration and

then manipul ate these values mathematically an fol | ows:

Starting with the influence val ues

1020 =(uld +~1"4N +12
ip2l = (v3au)] *rGlP 2

whi ch are obtained by setting each element of 1311 and

Il] to one insuccession, while all the other elements
of these vectors are serof and integrating the thin

shel | differential equatjons to the other end of thj
segnent.* The vectors br& obtained uy setting 1U

, 101 while applying the distributted | oads anid
integrating to the end of the segnent.

To change this to stiffness matrix form# one needs only
i ' e aandl
switch | Jand ftjél thus

M (U4 + vON1+ L1

Ir 1 (Kl + (KXfuA + ca

1
*Soo Reforeinc'i’ (1) and (2)

~H#Hanyl & If 7di that$
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where ~riforces at start of segment

0 I Qrs, No, NI
IfFo1 a forces at end

—~ displacements at start of segment

JU2 displacements at end

K1 2

1K [4]]

21 ( 2- 4v2z 1).

Since Program 1374 i s not set up to handle | ongitudinal
stiffeners, the integration for this portion of the shell
| S performed using Program 761. The influence values are
then converted to stiffness'matrix formand stored on
disc. After Program 1374 has set up the stiffness matrices
for the unstiffened shell$ the matrices for segments wiu-h
stiffening are replaced with the Program 781 matrices
fiv~disc. Tho solution I nProgram 1374 then continua*

I nthe standard manner. This consists of assenbling the
overal | stiffness matrix jini and load vector Ifti, re
ducing~to upper triangular form,, and back-substituting.

10/710w 3

|||||||||



CHICAGO BRIOGI a IRON COMPANY

L eUSowAQhh* gN___

. Ring Matrices

i norder to develop a stiffness

matrix for the ring stiffenera 6"
the follow ng assunptions were

made:

1. Thin beam theory i s appli \]|S
cable, |.e. a uvormal to the
neutral axis remains straight
and nordal after deformation
and the thickness in negli
gible compared to the radi us.

2. The stiffness of the ring
out of its plane i s negligible.

3. Thering isattjached to a
cylinder.

4.* The ring i s made of one isotropic material, with Poisson's
ratio zero.

5. The ring can be divided into a series of cylinders of
constant thickness. (Sees Fig. 1)

The ring i sthen treated as a series of a layers which
start adistance ZIfromthe reference surface, which is

the md surface of the shellzand ends at Zii The w dth
of the layer isbig Then using the equations fromKalnin's
paper:
*See Reference (3).
l *, |..kak!l~4
jIROCGRAM F.1374 D )

PO9rPAM DM~=1V|Pr|c* ut - Pail®lli~o
All PMl



CHICAGO MIDGE & IRON COMPANY

Loation 0Qak1l's %L df

A ¥ bl (Zi~i-zi)

1 shi+2 2

ur

bal |
Imy

where A a area of section
Ir a centroid of section, measured from reference

surface
| * moment of inertia-of section about reference
surface
and
ahaOn. + SAr
(2)
"n * rL(nu| n +*V) (3)
B (nwn+u~n) -(4)
where
*amplitude of a variable with nicircumfer'.
ential waves, e~g. kea n.can n9.
Men @ moment about the refeorence surface
r*
- y T " &Madihge10 of
- ClIfIRAN- 174 law I

PIWOB4Me  D965cspen‘ne
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"on a thrust Inring
eon a strain at reference surface
kon a curvature
Wh radial displacement of reference surface

U * circunferential displacement of reference
surface

r a radius of reference surface
a a nmodulus of elasticity

Note that the equations above assune that all variables
except Con vary a-s coo no. The equations also apply to

sine series but the ejen of n =sat be changed.

The potential energy of the ring Lot
V fo [wok +Nee)da +11 rdN

where 0 a radial force an ring at reference surface
N O circumferential force on ring at reference surface

Parformng the integraticn, after having expanded the
displ acemen~ts and forces Into Fouripr series# yields

V.aw [ (Nk N +0Bm +* N 5

PREA%PB fyd S(yiig) |CP of
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Lowift 0.1 INA4 fduf

d
since f vsnn o O

. Sin no sin 500040
ahn~omd ojr

665 n0co5 0 dO a0 if n/ a
Substituting egg. 0) to(4) Into €(. (5) yields:

rfl  RA(rJ 1 (rpun+nuon® +

+ n(nw, *¥u.)(vn +nu )+ Y(nu, +v)]*
IFQ4 nv*w
Since 4 |$-k,\’__ aO. thiz
Wn On
ttAr r " ZJond (6)
N Z N w0 ~2) ven2[e2l + | ju.,~  (7)

For each ring, A 1, and | (See Fig. 1) are input directly
into the program The stiffness ternms are thep cal cul ated

using equations (6) and (7).

I norder to dovelop anmass matrix It was assuned that the
ring behaved as though it were a |14np mass located at the
reference surface but indluding rotational inertia propor
tional to its eccentricity. This yiel~d& a sinple diagonal
mass datrix.

PROGRAM V1:174

,00 m Du-s r
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LOOSsei OA bk 'ulKadnL'gs-

,here p a mass density of the ring material.

These mass and stiffness matrices are then added to the
gross matrices as they are assenbl ed.



4.

csucoo amk a' lowomed

Natural Modes and&Wegenci ex

The elgenval ues are extracted using an iterative pro
cedure*. rn order to avoid- time consuming integration

at each iteration# the influence of | independent loading
systems i sdetermned before the iterative procedure
starts. The results of each |oading systemare converted
to ;G and tCyas per abovet and theew vectors const i

tute a colum of the influence value matrix JiJ

loading systens used, inorder, ires
Col. | *1- C2(3-2C)
2- PO

3. P% .« (1-2C+ C?)/L

M C(0-20)

7. 1P 97(-C)L

I p

where *I'ength of segnent
*S/L
*coordinate along meridian
*normal pressure

*longitudinal |oad
*circumferential | 55- seRf

RIP, ke

og [n iz

The
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ThUC 11 aid Ic.1 can be generated by multiplying the 9]

matrix by the pressure intensity at the two ends. ~Assuming
that the distribution along the segment is not radically
different from functinns used to generate the llmatri x,
thtse load vectors will be reasonably accurate. Inthe
eigenvalue problem, the pressures are functions of the
displac -ontoand mass. Since the displacements must be
ee ntinuous and coooth, then the pressures will be well bo
hav.d and the &Ib,t approximation is v.ery good.

ol = 1931 P11+ 131 IR1

whee IRl  owh W . etc.
Uy

04,
where P mss density

h thickness
a circular frequency

The iterative procedure follows the cycle.

1. Take the last ca)y-"lated deflectidna as assumed deflections
for next try (t- start with, assume \Y 1 U

o= O~over ywhore).

1«R)7 3110b sw i(11LEW*
Im&d QMDep~n~
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2. Calculate load vector for each segment; [ - ph(DJIUil

3. Solve for new di spl acenents, fyj+11

4. Scale new displacenents so that 'argest value is one.

S. Compare new di spl acements with assuned di spl acenentg. ;
stop if

N
E~ U ~+ . Ui cM where £is

error criterion supplied by user and 1 is
total nunber of displacenmental otherw se
‘lontinue iterating with step 1.

The above procedure converges to the | owest | ongi t udi nal .
mode. Inorder to find higher nodes the |ower nodes
nust be swept out durnn? pach iteration. The sweepi ng

i s done between steps 3 and 4. The |ower nodes are
elimnated by utilizing the well known fact that

141-NJOm o il

wher e 4 displacement vector of rnth mode, etc.

Since ryJ. the assembled influence matrix, is. approximately
proportional. to 1%! *it is used in place of Jml If the

total nunber of nodes already found is | Cthen after fuj 43}

has been obtained Instop 3, itis assumed that

whor o n vector which isorthogonal to TOdeinm IK

Ua - 0 4048d 0w Ce A

foa -,a LIS



Ptcmultiplying by {.:}[Bn} yields

2B 9y

T,
OB Ui

and {U*+1} can be determined.

CHICAGO BRIDGE & IRON COMPANY

Location

Ouk Brovk Eogincering

£ {Uhl} is scaled in step 4, and the process continues.

uuui' - - A .‘l“ Wy | Cunp :\v oy CHANGL M,
/C‘L'L.Z'/r'// ‘;/-’ /% 1‘ '“" 776131
- DAV VATL ¥ Leneo _"—l ..lz
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S. Direct, TIMe Integration Solutions (FrE. , 1374)

The direct tine Integration subroutine uses the sane
influence matrix 101 that | sused in the sigenvalue
subroutine. To determine the accel erations at a given
timeo, Houboltu'* scheme is used

L 20g - 5lUi g+ AN 2[jUi 3/ At
Ji
where At a time increment,

Thus for,:lch seqgmelt#
- r!l2u 50 1+ +4U,7 - s

where(R 1 applied pressure Intensity at end 1 at

time ¢
Ph *Mass/sq. 1f&h ' of surface
Then
§ atwin Mg 131711

lcal s34 .1if+ 194028

Having obtained the now | oad vector :Cf , the displace
ments and forces at time ti are 3olved for in the
usual manner.

fle Reference (5)

5 a VIP low .7-jitakel
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PROGRAM EQ7S2A
The Shells of Revolution Program i sthe Chicago Rridge A lron

C-onpany Program EO7SIA.  The program cal cul ates the stresses and

di splacements inthinl-walled elastic shells of revolution when
subjected to static edge@ surface and/or tenperature |oads with
arbitrary distribution over the surface of the shell. The aeo
metry of the shell must be symmetric, but the shape of the median
i sarbitrary. It ispossible to include up to three branch shells
with the main shell inasingle nodel. Inaddition, the shell wall
my consist of four layers of different orthotropic matarials, and
the thickness of each layer and the elastic properties of each

layer may vary along the median.

Program EO781A nunerically inteorates the eight ordi nary first
order differential eouations of thin shell theory derived by H.
Rei ssner. The equation are derived so that the eight variables
which appear on the boundaries of the axially symetric shell are
chosen to that the entire nroblem can be expressed | nthese funda

mental variabl es.

fhicago Bridge A lron Conpany has extensively revised the Kalnins
Program The program has bee" altered so that a 4 x 4 force-dis
placenent relation can be used as a boundary condition as an alter
native to the usual procedure' of specifying forces or di spl acenpnt s.
This' force-displacenent relation can be,used to detcribe the forces
at the boundary interms of displacements at the boundary, or the
displacements at the boundary interms of forcefs or some conpatibl e

IGN

combination of the two. Inthisnannerr,it I's possi bletostudy (%,%.

CT ADE vV CHK BY 9 CHAROL NO
L G

rit~—~f~t 1L DATE oeitL1



woom IRMINHAMD UN

PROGRAM EO761A

the behavior O alarge conplex structure. Itisalso possible to
introduce a6spl  matrixisat the end OF anY Part Of the stress
model . This matrix most be expressed i nthe form force , spring
matrix x displacenent. | nthis nanner it I spossible to nodel the
restraint Of the Sand cushion i nthe transition zone-at the point
of the embedment. | naddition to the above changes, the Kalnins
Program has been modified to Increase the size of the problem t hat

can be considered and to inprove the accuracy of the solution.

% Dykk CHAAGG
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WBTIO OF MODBLING VERTICAL 6Tl FFERNER

N a No. of vertical stiffenerr T|
around
| w Mdulus of elasticity

The shell shown inFig. 1 is nodeled

using 2 layers. The inside layer

represents the shell and, therefore#

he~s the normal isotropic material

properties. The, outer layer,, an the other
hand, is described as an orthotropic material
having the fol | owing properties.

t 2d
R# DN
040 0

wher e
t Thi ckness of outer |ayer
2#  Modulus of elasticity of outer layer inlongitudinal
direction
962 Mbdul us of elasticity of outer layer in circunferential
direction.

G$  Shear nodulus of outer |ayer.





