I
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C23456789012345678901234567890123456789012345678901234567890123456789012
C

BUCKL (ILOADX) = EIGCRT

C -~
RETURN ™
END

c .

c ' &30 aj 45

C=DECK BEHX2 §°

SUBROUTINE BEHX2

1 (IFILE,NPRINX, IMODX, IFAST, ILOADX, JCOL, PHRASE)

PURPOSE: OBTAIN effective stress in shell segment

YOU MUST WRITE CODE THAT, USING
THE VARIABLES IN THE LABELLED
COMMON BLOCKS AS INPUT, ULTIMATELY
YIELDS THE RESPONSE VARIABLE FOR
THE ith LOAD CASE, ILOADX:

STRESS (ILOADX, JCOL)

AS OUTPUT. THE ith CASE REFERS
TO ith ENVIRONMENT (e.g. load com-
bination) .
THE jth COLUMN (JCOL)
INDEX IS DEFINED AS FOLLOWS:
shell segment number

o

DEFINITIONS OF INPUT DATA:
IMODX = DESIGN CONTROL INTEGER:
IMODX = 0 MEANS BASELINE DESIGN
IMODX 1 MEANS PERTURBED DESIGN
IFAST 0 MEANS FEW SHORTCUTS FOR PERTURBED DESIGNS

IFAST 1 MEANS MORE SHORTCUTS FOR PERTURBED DESIGNS
IFILE = FILE FOR OUTPUT LIST:

NPRINX= CUTPUT CONTROL INTEGER:
NPRINX=0 MEANS SMALLEST AMOUNT
NPRINX=1 MEANS MEDIUM AMOUNT
NPRINX=2 MEANS LOTS OF OUTPUT

@
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ILOADX = ith LOADING COMBINATION

JCOL = jth column of STRESS

JCOL = shell segment number

PHRASE = effective stress in shell segment
CUTPUT:

OOOOQOOOQOOOOO(‘)OOOOOOOOOOOOOOOOOOOOOOOO

STRESS (ILOADX, JCOL)

CHARACTER*80 PHRASE

C INSERT ADDITIONAL COMMON BLOCKS:
COMMON/FV06/2SPH(15),IZSPH
REAL ZSPH
COMMON/FVO07/2CYL(15),IZCYL
REAL ZCYL
COMMON/FV08/ZREFSP (15}, IZREFSP
REAL ZREFSP
COMMON/FV09/THKSPH (15)
REAL THKSPH
COMMON/FV10/ZREFCY (15) , IZREFCY
REAL ZREFCY
COMMON/FV11/THKCYL (15)
REAL THKCYL
COMMON/FV12/PRESS(20)
REAL PRESS
COMMON/FV15/BUCKL (20) , BUCKLA (20) , BUCKLF (20)
REAL BUCKL, BUCKLA, BUCKLF

COMMON/FV18/STRESS(20,10),JSTRESS, STRESSA(20,10), STRESSF(20,10)
REAL STRESS, STRESSA, STRESSF

|
{
1
i
i
COMMON/IVO1/NODSPH, NODCYL, NPTSPH, NPTCYL, NRUKLO, NBUKHI E
INTEGER NODSPH,NODCYL,NPTSPH,NPTCYL, NBUKLO, NBUKHI 4
i

{

|

\

G

COMMON/FV01/RADIUS, LENGTH, EMOD, NU, DENSTY , WEIGHT
REAL RADIUS, LENGTH, EMOD, NU, DENSTY, WEIGHT

2
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QOO0 00

QOO0 0000

C

/Lé/é, f ya

INSERT SUBR

TINE STATEMENTS HERE.

COMMON/STRCON/STFMXS (295) , STFMXR (295}, SKNMAX (295)
COMMON/IBIGX2/ISTFMS(295), ISTFMR(295), ISKNMX (295)

COMMON/ERDUVX/ENDUV, STRMAX, ARCLEN -
COMMON/INSTAR/INDIC i
COMMON/PRMOUT/IFILE3,IFILE4, IFILES, IFILEQ, IFIL11 “N?%“°
COMMON/NUMPAR/IPARX, IVARX, TALLOW, ICONSX, NDECX, NLINKX, NESCAP, ITYPEX
common/caseblock/CASE
CHARACTER*28 CASE
CHARACTER*35 CASA

m%ﬂ)
as% TZI

CALL BOSDEC(Z 24 ILOADX,

/5

DIC)

IF (ITYPEX.EQ.2) THEN
Get CASE.BEHX2 file for input for BIGBOSOR4. ..
CASE.BEHX2 is an input file for BIGBOSOR4 for behavior no. 2:
maximum effective stress
I=INDEX (CASE, "’ '}
IF(I.NE.0) THEN
CASA=CASE(:1-1)//' .BEHX2’
ELSE
CASA=CASE//' .BEHX2"'
ENDIF
OPEN (UNIT=61,FILE=CASA, STATUS='UNKNOWN"')
CALL BOSDEC (2,61, ILOADX, INDIC)
CLOSE (UNIT=61)
WRITE(IFILE,’(/,/,A,A,/,A)’)
’ BIGROSOR4 input file for:
* maximum effective stress (INDIC 0)

END%?SA /,_, 57}: @Z}%{)@% /) / éﬁ !ZCQLQ}& r/
G e —— PTG BoSoly Meinp(ecz s>

CALL GASP(DUM1,DUMZ, -2, DUM3)

fen

[

Nop7™ ase crea

IF (JCOL.EQ.1) THEN
DO 9 I = 1,2
WRITE{IFILE, " (A,1P,E12.4,/,A,I4)")
1 7 Shell skin maximum effective stress, SKNMAX="',
1 SKNMAX(I),’ at nodal point', ISKNMX{(I)
9 CONTINUE
WRITE(IFILE,10) STRMAX
10 FORMAT(/,
17 xxkkxs MAXIMUM EFFECTIVE STRESS IN ISOTROPIC WALL ****x%xs /.
1’ STRMAX=',1P,El12.4,/,

l’ FAKIEIARAA KA KA AIRAAAARA KA AR A A IR A A AR A A A A A AR ARG L Ak Kk kk &k I)

ENDIF
STRESS (ILOADX, JCOL) = SKNMAX(JSEEimw”“M*‘Mmﬂﬂﬁﬂﬂgﬂﬂ“_*_”w_ﬂ~w--*“*““””~
‘mv"“‘””““w“»&M“MM“wﬂmuﬁmw
RETURN
END
=DECK USRCON 2.
SUBROUTINE USRCON ( INUMTT, IMODX, CONMAX, ICONSX, TPOINC, CONSTX,

1 WORDCX, WORDMX, PCWORD, CPLOTX, ICARX, IFILEX) o G,
PURPOSE: GENERATE USER-WRITTEN ol
INEQUALITY CONSTRAINT CONDITION U
USING ANY COMBINATION OF PROGRAM
VARIABLES. &\~b
YOU MUST WRITE CODE THAT, USING
THE VARIABLES IN THE LABELLED %K:
COMMON BLOCKS AS INPUT, ULTIMATELY \&i
YIELDS A CONSTRAINT CONDITION, \,‘N
CALLED "CONX" IN THIS ROUTINE.

DIMENSION WORDCX (*),WORDMX(*), IPOINC (*}, CONSTX (*} t:f

DIMENSION PCWORD({*), CPLOTX (*) \
CHARACTER*80 WORDCX, WORDMX, PCWORD AN

INSERT ADDITIONAL COMMON BLOCKS: K\:>
COMMON/FV06/2ZSPH(15) , IZSPH

REAL ZSPH é Z
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COMMON/FVO /ZCYL{

REAL ZCYL

COMMON/FV08/ZREFSP{15), IZREFSP

REAL ZREFSP

COMMON/FV09 /THKSPH (15)

REAL THKSPH

COMMON/FV10/ZREFCY (15}, IZREFCY

REAL ZREFCY

COMMON/FV11/THKCYL (15)

REAL THEKCYL

COMMON/FV12/PRESS(20)

REAL PRESS
COMMON/FV15/BUCKL (20}, BUCKLA (20}, BUCKLF (20)

REAL BUCKL, BUCKLA, BUCKLF
COMMON/FV18/STRESS(20,10),JSTRESS, STRESSA (20,10), STRESSF (20,10)
REAL STRESS, STRESSA, STRESSF
COMMON/IVO01/NCDSPH, NODCYL, NPTSPH, NPTCYL, NBUKLO, NBUKHI
INTEGER NODSPH,NODCYL, NPTSPH, NPTCYL, NBUKLO, NBUKHI
COMMON/FV01/RADIUS, LENGTH, EMOD, NU, DENSTY, WEIGHT

REAL RADIUS, LENGTH, EMOD, NU, DENSTY, WEIGHT

C
CONX = 0.0
C
C INSERT USER-WRITTEN STATEMENTS
C HERE. THE CONSTRAINT CONDITION
C THAT YOU CALCULATE IS CALLED "CONX"
C
IF (CONX.EQ.0.0) RETURN
IF (CONX.LT.0.0) THEN
WRITE (IFILEX,*)’ CONX MUST BE GREATER THAN ZERO.’
CALL EXIT
ENDIF
C
C DO NOT CHANGE THE FOLLOWING STATEMENTS, EXCEPT WORDC
C

ICARX = ICARX + 1
INUMTT = INUMTT + 1

WORDCX (ICARX) = ’ USER: PROVIDE THIS.’

CPLOTX (ICARX) = CONX - 1.

CALL BLANKX (WORDCX (ICARX) , IENDP)

PCWORD (ICARX) = WORDCX(ICARX) (1:IENDP)//’' -1°

IF (IMODX.EQ.0.AND.CONX.GT.CONMAX) GO TC 200
IF (IMODX.EQ.1.AND.IPOINC({INUMTT).EQ.0) GO TO 200
ICONSX = ICONSX + 1
IF (IMODX.EQ.0) IPOINC(INUMTT) = 1
CONSTX (ICONSX) = CONX
WORDMX (ICONSX) = WORDCX(ICARX) (1:IENDP)//’ -1
200 CONTINUE
C END OF USRCON

C
C
RETURN
END
C
C
C
C=DECK USRLNK

SUBROUTINE USRLNK({(VARI, I,VARIAR)
C Purpose: generate user-written
C linking conditions using any
C combination of decision variables.
C You must write conde that, using
C the variables in the subroutine
C argument VARIAB as input, ultimately
C yield a value for the linked variable
C VARI.
C
C VARI 1s the Ith entry of the array
C VARIAB. You have decided that this
C is to be a linked variable with user
C defined linking. It is linked to
C the decigion variables in the array
C VARIAB.
C An example will provide the simplest
C explanation of this:
C Let'"s say that the 5th decision
C variable candidate (I=5) is linked
C to the decision variable candidates

R
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C 2 and 7. (You use ECIDE to select
these as decision variables.

In this case VARI is equal to
VARIAB({(I). You then write your
linking equation in the form

VARI=f (VARIAB(2),VARIABR(7)).

Use the index I in an IF statement if
vou have more than one user-defined
linked variable.

QOO0 000000

REAL VARI,VARIAB(50)
INTEGER I

INSERT USER~WRITTEN DECLARATION
STATEMENTS HERE.

A}

INSERT USER-WRITTEN
STATEMENTS HERE.

END OF USRLNK ,[/ﬁ@, 0 é £/07é

RETURN
.END.

N
(’\

%v
N
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OBJECT’FM
\ OBJECT (IFILE, NPRINX, IMODX, OBJGEN, PHRASE)
PURPOSE:weight of the BIGBOSOR4 model

YOU MUST WRITE CODE THAT, USING
THE VARIABLES IN THE LABELLED
COMMON BLOCKS AS INPUT, ULTIMATELY
YIELDS THE OBJECTIVE FUNCTION
WEIGHT
AS OUTPUT. MAKE SURE TO INCLUDE AT
THE END OF THE SUBROUTINE, THE
STATEMENT: OBJGEN = WEIGHT

DEFINITIONS OF INPUT DATA:

IMODX = DESIGN CONTROL INTEGER:

IMODX = 0 MEANS BASELINE DESIGN

IMODX = 1 MEANS PERTURBED DESIGN

IFAST = 0 MEANS FEW SHORTCUTS FOR PERTURBED DESIGNS
IFAST = 1 MEANS MORE SHORTCUTS FOR PERTURBED DESIGNS

IFILE = FILE FOR OUTPUT LIST:
NPRINX= OQUTPUT CONTROL INTEGER:
NPRINX=0 MEANS SMALLEST AMOUNT
NPRINX=1 MEANS MEDIUM AMOUNT
NPRINX=2 MEANS LOTS OF OUTPUT

DEFINITION OF PHRASE:
PHRASE = weight of the BIGBOSOR4 model

CHARACTER*80 PHRASE

INSERT ADDITIONAL COMMON BLOCKS:
COMMON/FV06/ZSPH(15) , IZSPH
REAL ZSPH
COMMON/FV07/2CYL (15}, IZ2CYL
REAL ZCYL
COMMON/FV08/ZREFSP(15), IZREFSP
REAL ZREFSP
COMMCN/FV09/THKSPH(15)
REAL THKSPH
COMMON/FV10/ZREFCY (15), IZREFCY
REAL ZREFCY
COMMON/FV11/THKCYL (15}
REAL THKCYL
COMMON/FV12/PRESS (20}
REAL PRESS
COMMON/FV15/BUCKL (20}, BUCKLA (20) , BUCKLF (20)
REAL BUCKL, BUCKLA, BUCKLF
COMMON/FV18/STRESS (20, 10),JSTRESS, STRESSA(20,10) , 8TRESSF (20, 10)
REAL STRESS, STRESSA, STRESSF
COMMON/IV01/NODSPH, NODCYL, NPTSPH, NPTCYL, NBUKLO, NRBUKHI
INTEGER NODSPH, NODCYL, NPTSPH, NPTCYL, NBUKLO, NBUKHI
COMMON/FV01/RADIUS, LENGTH, EMOD, NU, DENSTY, WEIGHT
REAL RADIUS, LENGTH, EMOD, NU, DENSTY, WEIGHT

3
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c
C INSERT SUBROUTINE STATEMENTS HERE.
c —
?_,,.—7} COMMON/TOTMAX/ TOTMAS (,)
c |
WEIGHT = TOTMAS ’ENO?}ZL LSW
c i}
OBJGEN =WEIGHT / e 353
c
c _
RETURN
END
c
c
c
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C
C PURPOSE IS TO SET UP BIGBOSOR4 INPUT FILE FOR "trusscomp”
C
SUBROUTINE BOSDEC (INDX, IFIL14, ILOADX, INDIC)
C Insert labelled common blocks: submarine.COM
COMMON/FV06/ZSPH(15) ,IZSPH
REAL ZSPH

COMMON/FV07/2ZCYL(15),I2CYL i?j; Zf?(:ﬂ
REAL ZCYL [ o

; ngC /7‘1 I ’“j%‘) 44@5 c/zé , SY éM AND

COMMON/FV08/ZREFSP (15) , ITZREFSP
REAL ZREFSP f ﬁ M m/

COMMON/FV09/THKSPH (15) !F?
REAIL THKSPH

COMMON/FV10/ZREFCY (15) , IZREFCY
REAL ZREFCY 5 /Z {) 5&) j{ 2

COMMON/FV11/THKCYL (15)
REAL THKCYL
COMMON/FV12/PRESS(20)
REAL PRESS
COMMON/FV15/BUCKL(20) ,BUCKLA (20) , BUCKLF{(20)
REAL BUCKL, BUCKLA, BUCKLF
COMMON/FV18/STRESS(20,10),JSTRESS, STRESSA(20,10), STRESSF (20, 10)
REAL STRESS, STRESSA, STRESSF
COMMON/IV01/NODSPH, NODCYL, NPTSPH, NPTCYL, NBUKLO, NBUKHI
INTEGER NODSPH, NODCYL, NPTSPH, NPTCYL, NBUKLO, NRUKHI
COMMON/FVO01/RADIUS, LENGTH, EMOD, NU, DENSTY , WEIGHT
REAL RADIUS, LENGTH, EMOD, NU, DENSTY, WEIGHT

C end of submarine.COM
COMMON/PRMOUT/IFILE3, IFILE4, IFILES, IFILEY, IFIL11
DIMENSION NSHAPE(2) ,NNODES(2),IHVALU(4,2),HVALU{4,6?2)
DIMENSION R1(2),21(2),R2(2),22(2),RC(2),2C{(2)
DIMENSION NZVALU(2),2(15,2),2VAL{15,2),TVAL(15,2)
DIMENSION IDISP(2,4)

C
REWIND IFIL14
C
WRITE(IFILE4, 3)
3 FORMAT(//' kok ok ok ok ok ok ok ok ok ok ok ok ok ok ok BOSDEC *****************‘k*//
1’ The purpose of BOSDEC is to set up an input file, NAME.ALL,’'/
17 for a cylindrical shell. NAME is your name for'/
1’ the case. The file NAME.ALL is a BOSOR4 input “deck® used’/
1’ by SUBRQUTINE B4READ. '/
1’ *******‘k*'k****‘k*k****‘k*********************‘k***I/‘)
C

C23456789012345678901234567890123456789012345678901234567890123456789012
C

C Generate a valid input data file, *.ALL, for BIGBOSOR4

C

C Global input before segment data...

NPRT = 1
NSEG = 2
ISTRES = O

IF (INDX.EQ.2) ISTRES = 1

IF {INDX.EQ.1l) WRITE(IFIL14,’'{(A)")
1’ buckling of tank (INDIC=1)"

IF (INDX.EQ.2) WRITE(IFIL14, ' (A})’)
1’ effective stress (INDIC=0)"’

WRITE(IFIL14,’ (4I3,A)’) INDIC,NPRT,ISTRES,NSEG,
1" $ INDIC,NPRT, ISTRES,NSEG’

C
NTYPEH = 1
NHVALU = 4
NSHAPE(l) = 2
NSHAPE(2) = 1
NNODES (1) = NODSPH
NNODES (2) = NODCYL

C
IHVALU(1,1) = 1
IHVALU({2,1) = NODSPH/2
IHVALU (3,1} = NODSPH/2 + 1
IHVALU(4,1) = NODSPH - 1
IHVALU(l 2y = 1
IHVALU (2, 2) = NODCYL/2
IHVALU (3 = NODCYL/2 + 1
IHVALU(4 2) = NODCYL - 1

C
HVALU (1,1} = 1.

L6
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HVALU(Z,1) = 1.
HVALU(3,1) = 0.5
HVALU(4,1) = 0.5
HVALU{1,2) = 0.5
HVALU(2,2) = 0.5
HVALU(3,2) = 1.
HVALU(4,2) = 1.
C
R1{(1) = 0.
Zi(l) = 0.
R2{l) = RADIUS
Z2 (1) = RADIUS
RC(1L) = 0.
SROT = -1.
ZC (1) = RADIUS
R1(2) = RADIUS
Z1(2) = RADIUS
R2(2) = RADIUS
Z2(2) = RADIUS + LENGTH/2.
C
NTYPEZ = 1
NTYPE = 2
NZVALU (1) = NPTSPH
NZVALU(2) = NPTCYL
DO 10 I = 1,NPTSPH
Z(I,1) = ZSPH(I)
ZVAL(I,1) = ZREFSP(I)
TVAL(I,1) = THKSPH(I)
10 CONTINUE
DO 20 I = 1,NPTCYL
Z(I,2) = ZCYL(I)
ZVAL(I,2) = ZREFCY({I}
TVAL(I,2) = THKCYL(I)
20 CONTINUE
C
C
DO 100 ISEG = 1,NSEG
I = ISEG
WRITE(IFIL14, ' {(A,4I6)')’ H $ Segment number ’,I,I,I,I
WRITE (IFIL14,’ (3I4,A)’) NNODES(ISEG),NTYPEH, NHVALU,
1 ’ $ NMESH,NTYPEH, NHVALU'’
WRITE (IFIL14, ' (4T4,A)’) (IHVALU(K,ISEG),K=1,NHVALU),
1 $ (IHVALU(K,ISEG), K=1,NHVALU)'
WRITE(IFIL14,’ (1P,4E14.6,A)') (HVALU(K, ISEG),K=1,NHVALU),
1 * $ (HVALU(K,ISEG), K=1,NHVALU)’
WRITE(IFIL14, ' (I4,A)’) NSHAPE(ISEG),
1 7 § indicator for meridian geometry’
WRITE(IFIL14, ' (1P,4E14.6,A)’) R1I(I),Z21(I),R2(I),22(1),
1 $ R1,21,R2,22"
IF (NSHAPE(ISEG).EQ.2) THEN
WRITE(IFIL14,’ (1P,3E14.6,A)’) RC(ISEG),ZC(ISEG), SROT,
1 ' § RC,ZC,SROT’
ENDIF
WRITE(IFIL14, (&))" 0 $ indicator for imperfection’
WRITE (IFIL14, ' (3I4,A)’) NTYPEZ,NZVALU(ISEG),NTYPE,
1 ' § NTYPEZ,NZVALU,NTYPE’
NZVAL = NZVALU(ISEG)
WRITE(IFIL14,’ (1P, (4E14.6))’) (Z(K,ISEG),K=1,NZVAL)
WRITE(IFIL14,' (1P, (4E14.6)) ') (ZVAL(K,ISEG),K=1,NZVAL)
WRITE(IFIL14,'(A)’)’ N §$ do you want to print r(s), etc.?’
C23456789012345678901234567890123456789012345678901234567890123456789012
WRITE(IFIL14, ' (A)’)’ O, 0, 0, 1 $ NRINGS,K,LINTYP,IDISAR’

WRITE(IFIL14, " (A} ")
1, 2, 0, 0 $ NLTYPE,NPSTAT,NLOAD(1),NLOAD(2)"

WRITE(IFIL14,'(A)")

1 © 1, -1., -1., 2 $ NLOAD(3),PN{(1l),PN(2),NTYPE’
WRITE(IFIL14,' (1P,2E14.6,A)’) Z1(ISEG),Z2(ISEG),

17 ¢ Z(1),2(2) callouts’
WRITE(IFIL14, (A})’})’ 2 § NWALL = 2 for isotropic’
WRITE(IFIL14,’' (1P,3E14.6,A)’) EMOD,NU,DENSTY,

i1 $E, U, sSM’
WRITE(IFIL14, ' (A)Y’)" 0., 0, -1, 1 $ ALPHA,NRS,NSUR,NTYPET’
WRITE(IFIL14, " (2I4,A)’) NZVALU(ISEG),NTYPE,

1 ' $ NTVALU, NTYPE'

NZVAL = NZVALU({ISEG)

WRITE(IFIL14, (1P, (4E14.6))") (Z{K,ISEG),K=1,NZVAL)
WRITE(IFIL14,' (1P, (4E14.6))’) (TVAL(K,ISEG),K=1,NZVAL)
WRITE(IFIL14, (A)’)* N $ do you want to print refsurf etc.?’

7
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WRITE(IFIL14, 'y’ N $ do you want to print C(i,j?’
WRITE(IFIL14, ( )’)’ N §$ do you want to print loads?’
C23456789012345678901234567890123456789012345678901234567890123456789012
C
100 CONTINUE
C
C Next, do global data after all the segments...
C
WRITE(IFIL14, (AY’)’ H $ GLOBAL DATA BEGINS...’
NLAST = 0
IF (INDX.EQ.2) NLAST = 1
WRITE(IFIL14,’ (I4A)’) NLAST, ' $ NLAST’
WRITE (IFIL14, ' (A)")’" N $ any expanded plots?’
IF (INDX.EQ.l) THEN
NMINB NBUKLO
NMAXB NBUKHI
INCRB 1
NVEC =1
WRITE(IFIL14,’ (516,A)') NMINB,NMINRE,NMAXB, INCRB,NVEC,
1 $ NOB,NMINB, NMAXB, INCRB, NVEC
ENDIF
IF (INDX.EQ.1l) THEN
P=20.
DP = ABS(PRESS(ILOADX))
ENDIF
IF (INDX.EQ.2) THEN
P = ABS(PRESS(ILOADX))
ENDIF
DP = ABS(PRESS(ILOADX))
WRITE(IFIL14, ' (1P,2E14.6,A)’) P,DP,’ S P,DP”*
IF (INDX.EQ.1)
1 WRITE(IFIL14, {(A)")}’ 0., 0., 0., 0. $ TEMP,DTEMP,OMEGA, DOMEGA"
IF (INDX.EQ. 2)
1 WRITE (IFIL14,"(A)’)" O. 0. 1, 0. 0. $ TEMP,DTEMP, NSTEPS,
C23456789012345678901234567890123456789012345678901234567890123456789012
WRITE (IFIL14,’(A)’')’ H $ CONSTRAINT CONDITIONS FOLLOW....'
WRITE(IFIL14,’'(I6,A)’) NSEG,’ $ how many segments?’

I

i

Next, generate the BIGBOSCR4 input for all the constraint
conditions (connections to ground and segment junctions)
in the multi-segment model.

The connections to ground are governed by the array,
IDISP({i,3j), in which 1 is the shell segment number,
and j is the index for which displacement component is
constrained or not constrained.

IDISP(i,j) = 1 means that the jth displacement component is
constrained to be zero.

IDISP(i,d) = 0 means that the jth displacement component is
free

In BIGBOSOR4 [101 there are 4 displacement components:

IDISP(i,1) refers to USTAR, the radial (horizontal) displacement
IDISP(i,2) refers to VSTAR, the circumferential displacement
IDISP(1i,3) refers to WSTAR, the axial (vertical) displacement
IDISP(i,4) refers to CHI, the meridional rotation

constraints to grouund at the midlength of the cylindrical
are symmetry conditions:

[eXoNo oo o NoNoNoNo e o No o Re oo Ne No o Ro Ro RN o NS

IDISP(2,1) = 1

IDISP(2 2} =0

IDISP{2,3) = O

IDISP(2,4) = 1
C

WRITE{(IFILLI4, " {A) ")

1 * H $ CONSTRAINT CONDITIONS FOR SEGMENT 1 1 1 1°

WRITE(IFIL14,’(A}’) 7 1, 1, 0 $ cne pole, IPCLE, to ground’
C23456789012345678901234567890123456789012345678901234567890123456789012

WRITE(IFIL14,’(A)’)’ N $ joined to cther lower segments?’

WRITE (IFIL14,"' (A) ")

1 * H $ CONSTRAINT CONDITIONS FOR SEGMENT 2 2 2 27
WRITE(IFIL14, (A)’)’" O, 1 ¢ number of poles, numb. to ground’
WRITE(IFIL14,’ (I6,A)’) NODCYL,’ $ node connected to ground’
WRITE(IFIL14, " (4I4,A)’) (IDISP(2,K),K=1,4),

1 ' $ IUSTAR, IVSTAR, IWSTAR, ICHI’

%
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WRITE(IFILL14, {AY")y' 0., 0. $ D1,D2’

WRITE(IFIL14,’(A)’)* Y $ constraint same for prebuck & buck?’
WRITE(IFIL14,’ (A)’}" Y $ joined to lower segments?’
WRITE(IFIL14, (A)’)" 1, 1, 1 $ how many?, INODE, JSEG’

WRITE (IFIL14,' (I6,A)’) NODSPH,’' $ jseg node of the junction’
WRITE(IFIL14, (A)’)Y’ 1, 1, 1, 1, 0., 0. $ connection cond.’
WRITE(IFIL14, " (A)’)’ ¥ $ constraint same for prebuck & buck?’
WRITE(IFIL14,’(A)’)’ H $ RIGID BODY CONSTRAINT CONDITIONS'
WRITE(IFIL14,’{(A)")" Y $ is rigid body motion possible?’
WRITE(IFIL14, (A)’)’ Y $ want to prevent rigid body motion?’
WRITE (IFIL14,"(A)")" 2 § Segment no. to prevent rigid body’
WRITE(IFIL14,’ (I6,A)') NODCYL, $ node to prevent rigid body’
WRITE(IFIL14,"(A)’)’ 1, 1, 0, 1 $ rigid body for n=0 waves’
WRITE(IFIL14,’(A)’)’ 1, 1, 0, 1 $ rigid body for n=1 waves’
WRITE(IFIL14, ' {(A)’)’ Y $ list output for segment 17’
WRITE(IFIL14,’(A)’)’ Y §$ list output for segment 27

WRITE (IFIL14,°(A)’)’ Y $ list output for discrete rings?’
RETURN

END

ad & Bospec
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buckllng of tank
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91

1

4

1

45

46

90
1.000000
1.000000
0.5000000
0.5000000

H

2
0.000000
0.000000
20.00000
20.00000
0.000000
20.00000

-1.000000
H
0
H
1
5

2
0.000000
10.00000
13.00000
16.00000
20.00000

0.6250000
0.6250000
0.7250000
0.8250000
1.000000
N
H

fay

OO N

~1.000000
~1.000000
2
0.000000
20.00000
H
2

0.1600000E+08

0.2500000
0.1600000
0.000000

0

-1

1

5

2
0.000000
10.00000
13.00000
16.00000

mmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmm

INDIC = analy51s type indicator
NPRT = output options (l=minimum, 2=medium,
ISTRES= output control (O=resultants, l=sigma,

3=maximum)
2=epsilon)

NSEG = number of shell segments (less than 295)

SEGMENT NUMBER 1 1 1 1 1 1 1 1
NODAL POINT DISTRIBUTION FOLLOWS...

NMESH = number of node points (5 = min.; 98 = max.){( 1)
NTYPEH= control integer (1 or 3) for nodal point spacing
NHVALU= number of callouts for nodal point spacing
IHVALU(I)= Ith callout for nodal point spacing, IHVALU(
IHVALU(I)= Ith callout for nodal point spacing, IHVALU(
IHVALU(I)= Ith callout for nodal point spacing, IHVALU(
IHVALU(I)= Ith callout for nodal point spacing, IHVALU(

HVALU=meridional arc length between nodal points,HVALU({
HVALU=meridional arc length between nodal points, HVALU({
HVALU=meridional arc length between nodal points, HVALU{
HVALU=meridional arc length between nodal points, HVALU(
REFERENCE SURFACE GEOMETRY FOLLOWS. ..

B0 R s W R
e St St e st et et St

NSHAPE= indicator (1,2 or 4) for geometry of meridian ~

R1 = radius at beginning of segment (see p. 66) A

zZ1 = global axial coordinate at beginning of segment ;g

R2 = radius at end of segment

zZ2 = global axial coordinate at end of segment %t>

RC = radius from axis of rev. to center of curvature

ZC = axial coordinate of center of curvature

SROT=indicator for direction of increasing arc (-1. or +1.) ”\\Sg -
IMPERFECTION SHAPE FOLLOWS...

IMP = indicator for imperfection (O=none, l=some) “\53
REFERENCE SURFACE LOCATION RELATIVE TO WALL 4
NTYPEZ= control (1 or 3) for reference surface location x\S:
NZVALU= number of meridional callouts for ref. surf. i

NTYPE = control for meaning of callout (2=z, 3=r)

Z(I) = axial coordinate of Ith callout, z( 1) %D vﬁw
Z(I) = axial coordinate of Ith callout, z( 2) XQ, 3
Z(I) = axial coordinate of Ith callout, z( 3)

Z(I) = axial coordinate of Ith callout, z{ 4) AN Cl\\~
Z(I) = axial coordinate of Ith callout, z( 5) Qg oy
ZVAL = distance from leftmost surf. to ref. surf.,2ZVAL{ 1) ™~
ZVAL = distance from leftmost surf. to ref. surf.,ZVAL( 2) eh ?{ﬂ ﬁ

ZVAL = distance from leftmost surf. to ref. surf.,ZVAL({ 3) 5’ ii : s
ZVAL = distance from leftmost surf. to ref. surf.,ZVAL( 4) -~
ZVAL = distance from leftmost surf. to ref. surf.,ZVAL( 5) ;

Do you want to print out r(s), r’(s), etc. for thls segment? és eg:

DISCRETE RING INPUT FOLLOWS.

NRINGS= number {(max=20) of discrete rings in this segment
K=elastic foundation modulus (e.g. lb/in**3)in this seg.
LINE LOAD INPUT FOLLOWS. ..
LINTYP= indicator (0, 1, 2 or 3)
DISTRIBUTED LOAD INPUT FOLLOWS. ..
IDISAB= indicator (0, 1, 2 or 3) for load set A and B
SURFACE LOAD INPUT FOR LOAD SET "A" FOLLOWS

NLTYPE=control (0,1,2,3) for type of surface loading
NPSTAT= number of meridional callouts for surface loading
NLOAD (1) =indicator for meridional traction (0=none, l=some)
NLOAD (2} =indicator for circumferential traction
NLOAD(3)=indicator for normal pressure (O=none, l=some)
PN (i) = normal pressure (p.74) at ith callout, PN({ 1)

PN (i) = normal pressure (p.74) at ith callout, PN{ 2)

bre éﬁfj

for type of line loads

s

S /s

NTYPE = control for meaning of loading callout (2=z, 3=1)
Z(I} = axial coordinate of Ith loading callout, z{ 1) -
Z(I) = axial coordinate of Ith loading callout, z{ 2)

of &

SHELL WALL CONSTRUCTICN FOLLOWS. ..
NWALL=index (1, 2, 4, 5, 6, 7, 8, 9,
E = Young'’'s modulus for skin

u = Poisson’s ratio for skin

SM =mass density of skin (e.g. alum.=.00025 lb-sec**2/in**4)
ALPHA = coefficient of thermal expansion

NRS = control (0 or 1) for addition of smeared stiffeners
NSUR = control for thickness input (0 or 1 or -1)

NTYPET= index {1 or 3) for type of input for thickness
NTVALU= number of callouts along segment for thickness

Th

10y for wall construction

NTYPE = control for meaning of thickness callout (2=z, 3=r)
Z(I) = axial coordinate of Ith thickness callout, z{ 1)
Z(I) = axial cooxdinate of Ith thickness callout, z({ 2)
Z(I) = axial coordinate of Ith thickness callout, z({ 3)
Z{(I) = axial cooxrdinate of Ith thickness callout, =z{ 4)

70
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20.00000
.250000
.250000
.450000
.650000
.000000
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0.5000000
0.5000000
1.000000
1.000000
H
1
20.00000
20.00000
20.00000
40.00000

[

OO N

~1.600000
~1.000000

2
20.00000
40.00000

H
2
0.1600000E+08

0.2500000
0.1600000
0.000000

0

-1

1

5

2
20.00000
22.00000
25.00000

mmmmm—mmmmmmmmmmmmmmwmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmm

axial coordinate of Ith thickness callout z( 5)

TVAL(i) = thickness at Ith callout, TVAL(

TVAL{i) = thickness at Ith callout, TVAL { 2) Z ’
TVAL(i) = thickness at Ith callout, TVAL( 3) & S&§ |74 ?
TVAL (1) = thickness at Ith callout, TVAL( 4) £ g
TVAL (1) = thickness at Ith callout, TVAL{ 5)

Do you want to print out ref. gurf. location and thickness?
Do you want to print out the C(i,j) at meridional stations?
Do you want to print out distributed loads along meridian?

SEGMENT NUMBER 2 2 2 2 2 2 2 2
NODAL POINT DISTRIBUTION FOLLOWS. ..
NMESH = number of node points (5 = min.; 98 = max.){ 2)

NTYPEH= control integer (1 or 3) for nodal point spacing
NHVALU= number of callouts for nodal point spacing
IHVALU(I)= Ith callout for nodal point spacing, IHVALU(
IHVALU(I)= Ith callout for nodal point spacing, IHVALU(
IHVALU(I)= Ith callout for nodal point spacing, IHVALU(
IHVALU(I)= Ith callout for nodal point spacing, IHVALU(
HVALU=meridional arc length between nodal points, HVALU(
HVALU=meridional arc length between nodal points, HVALU(
HVALU=meridional arc length between nodal points,HVALU{ 3)
HVALU=meridional arc length between nodal points, HVALU({
REFERENCE SURFACE GEOMETRY FOLLOWS...

NSHAPE= indicator (1,2 or 4) for geometry of meridian

S R N

R1 = radius at beginning of segment (see p. 66)

Z1 = global axial coordinate at beginning of segment
R2 = radius at end of segment

72 = global axial coordinate at end of segment

IMPERFECTION SHAPE FOLLOWS. ..

IMP = indicator for imperfection (O=none, l=some)
REFERENCE SURFACE LOCATION RELATIVE TO WALL

NTYPEZ= control (1 or 3) for reference surface location
NZVALU= number of meridional callouts for ref. surf.

NTYPE = control for meaning of callout (2=z, 3=r)

Z(I) = axial coordinate of Ith callout, z( 1)

Z{I) = axial coordinate of Ith callout, z( 2)
Z(I) = axial coordinate of Ith callout, z{ 3)
Z{I}) = axial coordinate of Ith callout, =z( 4)
Z{(I}) = axial coordinate of Ith callout, z{ 5)
ZVAL = distance from leftmost surf. to ref. surf.,zZVAL( 1) o
ZVAL = distance from leftmost surf. to ref. surf.,ZVAL( 2) (T 7
ZVAL = distance from leftmost surf. to ref. surf.,ZVAL( 3) 5@’ 3
ZVAL = distance from leftmost surf. to ref. surf.,ZVAL{ 4)
ZVAL = distance from leftmost surf. to ref. surf.,ZVAL( 5)

Do you want to print out r(s), r’(s), etc. for this segment?
DISCRETE RING INPUT FOLLOWS...

NRINGS= number (max=20) of discrete rings in this segment
K=elastic foundation modulus (e.g. lb/in**3)in this segq.
LINE LOAD INPUT FOLLOWS...

LINTYP= indicator (0, 1, 2 or 3) for type of line loads
DISTRIBUTED LOAD INPUT FOLLOWS...

IDISAB= indicator (0, 1, 2 or 3) for load set A and B
SURFACE LOAD INPUT FOR LOAD SET "A" FOLLOWS

NLTYPE=control (0,1,2,3) for type of surface loading
NPSTAT= number of meridional callouts for surface loading
NLOAD(1l)=indicator for meridional traction (O=none, l=some)
NLOAD(2) =indicator for circumferential traction
NLOAD({3)=indicator for normal pressure (O=none, l=some)

PN{i) = normal pressure (p.74) at ith callout, PN{ 1)
PN{i) = normal pressure (p.74) at ith callcut, PN({ 2)
NTYPE = control for meaning of loading callout (2=z, 3=r)
Z{I) = axial coordinate of Ith loading callout, =z{ 1)
Z{I) = axial coordinate of Ith loading callout, z{ 2)

SHELL WALL CONSTRUCTION FOLLOWS. ..

NWALL=index (1, 2, 4, 5, 6, 7, 8, 9, 10) for wall construction
E = Young’s modulus for skin

U = Polsson’s ratio for skin

SM =mass density of skin (e.g. alum.=.00025 lb-sec**2/in**4)
ALPHA = coefficient of thermal expansion

NRS = control (0 or 1) for addition of smeared stiffeners
NSUR = control for thickness input (0 or 1 or -1)

NTYPET= index (1 or 3) for type of input for thickness

NTVALU= number of callouts along segment for thickness

NTYPE = control for meaning of thickness callout (2=z, 3=r)

Z{I) = axial coordinate of Ith thickness callout, z{ 1)

Z(I) = axial coordinate of Ith thickness callout, z( 2)
Z{I) = axial coordinate of Ith thickness callout, z( 3)

1
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axial coordinate of Ith thickness callout, z( 4)
Z(I) = axlal coordinate of Ith thickness callout, z({

TVAL(i) = thickness at Ith callout, TVAL( 1)

TVAL{i) = thickness at Ith callout, TVAL{ 2) g
TVAL(i) = thickness at Ith callout, TVAL( 3) see 3 %
TVAL (1) = thickness at Ith callout, TVAL( 4)

TVAL (i) = thickness at Ith callout, TVAL( 5)

Do you want to print out ref. surf. location and thickness?
Do you want to print out the C(i,j) at meridional stations?
Do you want to print out distributed loads along meridian?

GLOBAL DATA BEGINS. ..
NLAST = plot options (-l=none, O=geometry, 1l=u,v,w)
Are there any regions for which you want expanded plots?

NOB = starting number of circ. waves (buckling analysis)
NMINB = minimum number of circ. waves (buckling analysis)
NMAXB = maximum number of circ. waves (buckling analysis)
INCRB = increment in number of circ. waves (buckling)

NVEC = number of eigenvalues for each wave number

P = pressure or surface traction multiplier

Dp = pressure or surface traction multiplier increment
TEMP = temperature rise multiplier

DTEMP = temperature rise multiplier increment

OMEGA = angular vel. about axis of revolution {(rad/sec)
DOMEGA = angular veloccity increment (rad/sec)

CONSTRAINT CONDITIONS FOLLOW....
How many segments in the structure?

CONSTRAINT CONDITIONS FOR SEGMENT NO. 1 1 1 1
POLES INPUT FOLLOWS...

Number of poles (places where r=0) in SEGMENT( 1)

IPOLE = nodal point number of pole, IPOLE( 1)

INPUT FOR CONSTRAINTS TO GROUND FOLLOWS. ..

At how many stations is this segment constrained to ground?
JUNCTION CONDITION INPUT FOLLOWS...

Is this segment joined to any lower-numbered segments?

CONSTRAINT CONDITIONS FOR SEGMENT NO. 2 2 2 2
POLES INPUT FOLLOWS. ..

Number of poles (places where r=0) in SEGMENT( 2)

INPUT FOR CONSTRAINTS TO GROUND FOLLOWS. ..

At how many stations is this segment constrained to ground?
INODE = nodal point number of constraint to ground, INODE( 1)
JUSTAR=axial displacement constraint (0 or 1 or 2)
IVSTAR=circumferential displacement (0=free,1=0,2=imposed)
IWSTAR=radial displacement (O=free, l=constrained, 2=imposed)
ICHI=meridional rotation (O=free, l=constrained,2=imposed)

D1 = radial component of offset of ground support

D2 = axial component of offgset of ground support

Is this constraint the same for both prebuckling and buckling?
JUNCTION CONDITION INPUT FOLLOWS. ..

Is this segment joined to any lower-numbered segments?

At how may stations is this segment joined to previous segs.?
INODE = node in current segment (ISEG) of junction, INCDE( 1)
JSEG = segment no. of lowest segment involved in junction
JNODE = node in lowest segmnt (JSEG) of junction

IUSTAR= axial displacement (0O=not slaved, l=slaved)

IVSTAR= circumferential displacement (0=not slaved, l=slaved)
IWSTAR= radial displacement (0=not slaved, l=slaved)

ICHI = meridional rotation (O=not slaved, l=slaved)
D1 = radial component of juncture gap
D2 = axial component of juncture gap

Is thls constraint the same for both prebuckling and buckling?
RIGID BODY CONSTRAINT INPUT FOLLOWS. ..

Given existing constraints, are rigid body modes possible?
Do you wish to prevent rigid body motion?

ISEG = segment no. at which to prevent rigid body motion
INODE = node no. at which to prevent rigid body motion
IUSTAR= axial n=0 rigid body constraint (0O=none, l=some)
IVSTAR= circ. n=0 rigid body constraint ({(usually equals 1)
IWSTAR= radial n=0 rigid body constraint (usually equals 0)
ICHI = meridional rot. rigid body constraint

IUSTAR= axial n=1 rigid body constraint (usually equals 1)
IVSTAR= circ. n=1l rigid body constraint {(usually egquals 1)
IWSTAR= radial n=1 rigid body constraint ({(usually equals 0)
ICHTI = meridional rot. rigid body constraint

"GLOBAL3" QUESTIONS (AT END OF CASE)...

Do you want to list output for segment( 1)

T
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Do you want to list output for segment( 2)
$ Do you want to list forces in the discrete rings, if any?

/@’%/6( jga/mzﬁ /}ﬁlﬂ gé



Tably

[ 2

buckling of tank

1
H
91
1
1.

(2 pgea)

cbor L L

1 0 2 S INDIC NPRT, ISTRES, NSEG
$ Segment number 1 1 1 1
1 4 $ NMESH,NTYPEH, NHVALU
45 46 90 § (IHVALU(K,ISEG), K=1,NHVALU)
000000E+0Q 1.000000E+00 5.000000E-01 5.000000E-01 S

2 § indicator for meridian geometry

0.
0.
0

5
0.
2.
1.
2.

.000000E+00
.000000E+01
.250000E-01
.000000E+0CO
$ do you want to print ri{s),

000000E+0O
000000E+00

0.000000E+00
2.000000E+0L -1.000000E+00

S indicator for imperfection

5 2 $ NTYPEZ,NZVALU, NTYPE
1.000000E+01

6.250000E-01

2.000000E+01

1.300000E+01
7.250000E~-01

etc.?

N $ do you want to print refsurf etc.?
N $ do you want to print C(i,7?
N $ do you want to print loads?
$ Segment number 2 2

H
51
1
5.

1 4 $ NMESH,NTYPEH, NHVALU
(IHVALU (K, ISEG) ,
1.000000E+00

25 26
000000E-01

50 S
5.000000E-01

2

(HVALU (K, ISEG) ,

2.000000E+01 $ R1,21,R2,2Z2

$ RC, ZC, SROT

1.600000E+01

8.250000E-01

0, 0, 1 $ NRINGS,K,LINTYP,IDISAR
2, 0, 0 $ NLTYPE,NPSTAT,NLCAD(1l),NLOAD(2)
-1., -1., 2 $ NLOAD(3),PN(1l),PN(2),NTYPE
.000000E+00 2.000000E+01 $ Z(1),Z(2) callouts

$ NWALL = 2 for isotropic
.600000E+07 2.500000E-01 1.600000E-01 $ E, U, SM

0, -1, 1 $ ALPHA,NRS,NSUR,NTYPET

2 $ NTVALU, NTYPE

000000E+00 1.000000E+01 1.300000E+01 1.600000E+01
000000E+01
250000E+00 1.250000E+00 1.450000E+00 1.650000E+00
000000E+00

2

K=1, NHVALU)

1 $ indicator for meridian geometry

2.
0
1

[l Sl )

0

.000000E+01
.000000E+01
.000000E+00
.250000E+00
$ do you want to print r(s),
$ NRINGS,K,LINTYP, IDISAB
$ NLTYPE,NPSTAT, NLOAD (1)
$ NLOAD(3), PN
4.000000E+01 $ Z(1)
2 for isotropic

2.500000E~01
$ ALPHA,NRS,NSUR, NTYPET

.000000E+01

.600000E+07

.000000E+01L
.000000E+01L
.000000E+00 2.
.500000E+00

0CO000OE+0L

2.000000E+01

$ indicator for imperfection

5 2 § NTYPEZ,NZVALU, NTYPE
2.200000E+01

0, 0, 1
2, 0, 0
-1., -1., 2
$ NWALL =

0, -1, 1

1.100000E+00

(1),

2 $ NTVALU, NTYPE

$ do you want

$ do you want

$ do you want

$ GLOBAL DATA
$ NLAST

2.200000E+01

200000E+00

N $ any expanded plots?

0.
0.,

0 0 10
000000E+00
0., 0., 0.

1.500000E+04
$ TEMP, DTEMP, OMEGA, DOMEGA

1 1

PN (2)

2.000000E+01L

2.500000E+01
1.200000E+0C0

etc.?

Z(2)

2.500000E+01
2.400000E+00

to print refsurf etc.?
to print C{i,3?
to print loads?
BEGINS. ..

H $ CONSTRAINT CONDITIONS FOLLOW....
2 $ how many segments?

H $ CONSTRAINT CONDITIONS FOR SEGMENT 1
$ one pole,

1,

1, 0

IPOLE,

to ground

N $ joined to other lower segments?

H $ CONSTRAINT CONDITIONS FOR SEGMENT 2
1 $ number of poles,
51 $ node connected to ground

1 $ IUSTAR, IVSTAR, INSTAR, ICHI

0,

0 ]
0. $ D1,D2

$ constraint same for prebuck & buck?
$ joined to lower segments?
1 $ how many?,

, 1

INODE, JSEG

numb. to ground

71

1.000000E+00 $

4.000000E+01 $ R1,Z1,R2,2Z2

3.000000E+01

1.250000E+00

,NLCAD({2)
, NTYPE
callouts

1.600000E-01 $ E, U, SM

3.000000E+01

2.500000E+00

$ NOB,NMINB, NMAXB, INCRB, NVEC
$ P,DP

1 1

2 2

s FWJ%‘%& 57

(HVALU (K, ISEG),

‘/%Z

=

(s 15

I

m Vst\zS/;ﬂ’% ‘zf Cjﬁw

OSTPEC

K=1,NHVALU)

K=1,NHVALU)

s
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91 $ jseg node of the junction
1, 1, 0., 0. $ connection cond.
constraint same for prebuck & buck?
RIGID BODY CONSTRAINT CONDITIONS
is rigid body motion possible?
want to prevent rigid body motion?
Segment no. to prevent rigid body
$ node to prevent rigid body

0, 1 $ rigid body for n=0 waves
0, 1 $ rigid body for n=1 waves
list output for segment 17

list output for segment 27?

list output for discrete rings?
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Tahle 13

Ao BEc

n $ Do you want a tutorial session and tutorial output?

20.00000 $ radius of the tank: RADIUS
40.00000 $ total length of the cylinder: LENGTH
0.1600000E+08 $ elastic modulus of the shell wall: EMOD
0.2500000 $ Poisson ratio of the shell wall: NU
0.1600000 $ weight density of the shell wall: DENSTY

91 $ number of nodal points in the dome: NODSPH

51 $ number of nodal points in the cylinder: NODCYL

5 $ number of axial callouts in the dome: NPTSPH

5 $ Number IZSPH of rows in the array ZSPH: IZSPH
0.000000 $ axial location of callout in the dome: ZSPH( 1)
10.00000 $ axial location of callout in the dome: ZSPH({ 2)
13.00000 $ axial location of callout in the dome: ZSPH{ 3)
16.00000 $ axial location of callout in the dome: ZSPH( 4)
20.00000 $ axial location of callout in the dome: ZSPH( 5)

5 $ Number of axial callouts in the cylinder: NPTCYL

5 $ Number IZCYL of rows in the array ZCYL: IZCYL
20.00000 $ axial location of callout in the cylinder: zZCYL{ 1)
22.00000 $ axial location of callout in the cylinder: ZCYL({ 2)
25.00000 $ axial location of callout in the cylinder: ZCYL({ 3)
30.00000 $ axial location of callout in the cylinder: ZCYL( 4)
40.00000 $ axial location of callout in the cylinder: ZCYL( 5)

5 $ Number IZREFSP of rows in the array ZREFSP: IZREFSP
0.6250000 $ location of ref. surf. in the dome: ZREFSP( 1)
0.6250000 $ location of ref. surf. in the dome: ZREFSP{ 2)
0.7250000 $ location of ref. surf. in the dome: ZREFSP( 3)
0.8250000 $ location of ref. surf. in the dome: ZREFSP( 4)

1.000000 $ location of ref. surf. in the dome: ZREFSP( 5)
1.250000 $ wall thickness in the dome: THKSPH( 1)
1.250000 $ wall thickness in the dome: THKSPH{ 2)
1.450000 $ wall thickness in the dome: THKSPH{ 3)
1.650000 $ wall thickness in the dome: THKSPH({ 4)
2.000000 $ wall thickness in the dome: THKSPH( 5)

5 $ Number IZREFCY of rows in the array ZREFCY: IZREFCY
1.000000 $ location of the ref. surf. in the cylinder: ZREFCY({ 1)
1.100000 $ location of the ref. surf. in the cylinder: ZREFCY( 2)
1.200000 $ location of the ref. surf. in the cylinder: ZREFCY({ 3)
1.250000 $ location of the ref. surf. in the cylinder: ZREFCY{( 4)
1.250000 $ location of the ref. surf. in the cylinder: ZREFCY({ 5)
2.000000 $ thickness of the cylindrical shell: THKCYL({ 1)
2.200000 $ thickness of the cylindrical shell: THKCYL({ 2)
2.400000 $ thickness of the cylindrical shell: THKCYL( 3)
2.500000 $ thickness of the cylindrical shell: THKCYL( 4)
2.500000 $ thickness of the cylindrical shell: THKCYL({ 5)

0 $ low end of range of buckling circ. waves: NBUKLO

10 $ high end of range of buckling circ. waves: NBUKHI

1 $ Number NCASES of load cases {environments): NCASES

15000.00 $ uniform external pressure: PRESS({ 1)
1.000000 S allowable buckling load (Use 1.0): BUCKLA( 1)
1.300000 $ factor of safety for buckling: BUCKLF( 1)

2 $ Number JSTRESS of columns in the array, STRESS: JSTRESS
120000 $ maximum allowable effective stress: STRESSA( 1, 1)
120000 $ maximum allowable effective stress: STRESSA( 1, 2)

1.000000 $ factor of safety for stress: STRESSF( 1, 1)
1.000000 $ factor of safety for stress: STRESSF( 1, 2)

juput /M EGTH
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$ Do you want a tutorial session and tutorial output?
3 $ Choose a decision variable (1,2,3, 2D
0.6250000 $ Lower bound of variable no.{ 3)
1.500000 $ Upper bound of variable no. ( 3)
v $ Any more decision variables (Y or N) ?
4 $ Choose a decision variable (1,2,3,...)
0.6250000 $ Lower bound of variable no.( 4) 2 ZL Zféﬁzpé
2.500000 $ Upper bound of wvariable no.( 4) ;ﬁfﬁ?Q’ A .
v $ Any more decision variables (Y or N) ?
5 $ Choose a decision variable (1,2,3, )
0.6250000 $ Lower bound of variable no.( 5)
2.500000 $ Upper bound of variable no.{( 5)
v $ Any more decision variables (Y or N) ?
8 $ Choose a decision variable (1,2,3,...)
1.250000 $ Lower bound of variable no.( 8)
2.500000 $ Upper bound of variable no.{ 8)
v $ Any more decision variables (Y or N) ?
9 $ Choose a decision variable (1,2,3,...)
1.250000 $ Lower bound of wvariable no.( 9)
2.500000 $ Upper bound of variable no.( 9)
$ Any more decision variables (Y or N) 7
10 $ Choose a decision variable (1,2,3,...)
1.250000 $ Lower bound of variable no. (10)
2.500000 $ Upper bound of variable no. (10)
v $ Any more decision variables (Y or N) ?
11 $ Choose a decision variable (1,2,3,...)
0.6250000 $ Lower bound of variable no. {(11)
1.500000 $ Upper bound of variable no. (11)
$ Any more decision variables (Y or N) ?
12 $ Choose a decision variable (1,2,3,...)
0.6250000 $ Lower bound of variable no. (12) \ f/&J;Qkflé?
1.500000 $ Upper bound of variable no. (12) <;Q}# ‘
3% $ Any more decision variables (Y or N) ?
13 $ Choose a decision variable (1,2,3,...) /
0.6250000 $ Lower bound of variable no. {13) (fr“\%mnz//
1.500000 $ Upper bound of variable no. (13) L( \
v $ Any more decision variables (Y or N} ? ( ), K{:Y ‘1
16 $ Choose a decision variable (1,2,3,...) ‘?afZEI/ClQ( 7
1.250000 $ Lower bound of variable no. (16)
3.000000 $ Upper bound of variable no. ( A Y\C‘{L(
Y $ Any more decision variables )y 2 " oA (6“'\ //L/n’(
17 $ Choose a decision variable {(1-7.3,...) Z%fl€£t/(:L(
1.250000 $ Lower bound of variable ne<{17) / }/C\/L(u{)
3.000000 $ Upper bound of variab e o . 17) V(W
v $ Any more decision i or N L» ﬁ
$ Choose a decisiprd varlable (l 2 ‘”T}{VK
1.250000 $ % s
2.500000 3 i ‘é
Y : =
1.250000 $ 5
2.500000 ;A A
n S -
Y 2 <
$ (1= polynomlal; 2=user-defined) é g 5Q
$ i #€ this variable linked? ié
0.5000000 S ¥gn a value tp”the linking coefficient, C(3j) b \Si
$ & the decision variable raised? . N <§ -
n Any other degision variables in the linking expression? BN ) I W
n $ Any constanf CO0 in the linking expression? . 4ng€w&
y $ Any more JYinked variables (Y or N) ? E_‘% RS
15 $ Choose a”linked variable (1,2,3,...) of .
$ Choose” type of llnklng {(l=polynomial; Z2=user-defined) ey & bl
$ To which variable is this variable linked? N - gﬁg
0.5000 $ A,-lgn a value to the linking coefficient, C(j) a7 J
$ 4o what power is the decision variable raised? > § ké ’ﬁ

Any other decision variables in the linking expression?
Any constant CO0 in the linking expression?
inked variables (Y or N} ?

Choose a linked variable (1,2,3,...) .ﬂQ Uf W/ﬂ}}'}(; 4

“%t.‘

N
<r

$
$ Choose type of linking (l=polynomial; 2=user-defined) .
$ To which variable is this variable linked? @ :)Q,,g(éﬁf‘
1.000 $ Assign a value to the linking coefficient, C{(3j) 1 ,}a
1 $ To what power is the decision variable raised? &0 Ckﬂ?§1éy? 7%@;@ -
n $ Any other decision variables in the linking expression? ! N
n __ $ Any constant CO in the linking expression?. . i ‘\w“/#@wéi~«mmmm¢wy
‘"ﬁﬁ”” $ Any more linked variables (Y or N) ?

77
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$ Any ineguality relations among variables? (type H)
y $ Any escape variables (Y or N) ?
h% $ Want to have escape variables chosen by default?

/ /%f il fo DECTDE
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drer. OPT

Do you want a tutorial session and tutorial output?

Choose an analysis you DON'T want (1, 2,..), IBEHAV
NPRINT= output index (0=G0O0D, 1l=ok, 2=debug, 3=too much)
Choose type of analysis (l=opt., 2=fixed, 3=sensit.) ITYPE
How many design iterations in this run (3 to 25)7

Take "shortcuts" for perturbed designs (Y or N)?

Choose 1 or 2 or 3 or 4 or 5 for IDESIGN

Choose 1 or 2 or 3 or 4 or 5 for move limits, IMOVE

Do you want default (RATIO=10) for initial move limit jump?
Do you want the default perturbation (dx/x = 0.05)7

Do you want to have dx/x modified by GENOPT?

Do you want to reset total iterations to zero (Type H)?

I

7£0L/ &;ﬁ&/jjig V/% gz’zd d/%sjw

~J
w-j:)
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$ Do you want a tutorial session and tutorlal output?
0 $ Choose an analysis you DON'T want (1, .}, IBEHAV
2 $ NPRINT= output index (0=G00D, l=ok, 2=debug, 3=too much)
2 $ Choose type of analysis (l=opt., 2=fixed, 3=sensit.) ITYPE
5 $ How many design iterations in this run (3 to 25)7?
n $ Take "shortcuts" for perturbed designs (Y or N)?
3 $ Choose 1 or 2 or 3 or 4 or 5 for IDESIGN
4 $ Choose 1 or 2 or 3 or 4 or 5 for move limits, IMOVE
Y $ Do you want default (RATIO=10) for initial move limit jump?
v S Do you want the default perturbation (dx/x = 0.05)7?
n $ Do you want to have dx/x modified by GENOPT?
n $ Do you want to reset total iterations to zero (Type H)?
* ok kok ok ok ok ok ok ok ok ok END OF THE dOerOPT FILE d ok ok ok ok ok k ok ok ok ok
* ok ok ok ok ok ok ok ok ok ok Kk JUNE, 2009 VERSION OF GENOPT kkk ko Ak Ak ok kR Kk kK
Frx&kkkx BEGTNNING OF THE doer.OPM FILE **xxxxxkxx
Khhkhkhkhkhkh kA hhh kAo dkdxkhkx MAIN PROCESSOR R S R R R
The purpose of the mainprocessor, OPTIMIZE, is to perform,
in a batch mode, the work specified by MAINSETUP for the case
called doer. Results are stored in the file doer.OPM.
Please inspect doer.0OPM before doing more design iterations.
AhARA ANk A IR A hhk kA hkh kA A d oA hkhrdkxhbhkrhhdhkd A rdhkhohhkh b h kX xh kA Kk khkk k%
%}“
STRUCTURAL ANALYSIS FOR DESIGN ITERATION NO. 0 N
0
STRUCTURAL ANALYSIS WITH UNPERTURBED DECISION RIABLES
VAR. DEC. ESCAPE LINK. LINKED LINKING LOWER CURRENT UPPER DEFINITION
NOC. VAR. VAR. VAR. TO CONSTANT BOUND VALUE BOUND
1 N N N 0 0.00E+00 O0.00E+00! 6.2500E-01 1 0.00E+00 1location of ref. surf. i»
n the dome: ZREFSP(1l )
2 N N N 0 0.00E+00 0.00E+OO§6.ZSOOE~01 0.00E+00 1location of ref. surf. i»
n the dome: ZREFSP(2 )
3 Y N N 0 0.00E+00 6.25E-0117.2500E-01 |1.50E+00 location of ref. surf. i»
n the dome: ZREFSP(3 )
4 Y N N 0 0.00E+00 6.25E-01{8.2500E-01 |2.50E+00 location of ref. surf. i»
n the dome: ZREFSP(4 )
5 Y N N 0 0.00E+00 6.25E-01]/1.0000E+00 |2.50E+00 1location of ref. surf. i»
n the dome: ZREFSP(5 )
6 N N N 0 0.00E+00 O0.00E+00;1.2500E+00 { 0.00E+00 wall thickness in the do»
me: THKSPH(1 )
7 N N N 0 0.00E+00 O.00E+00!1.2500E+00 } 0.00E+00 wall thickness in the do»
me: THKSPH(2 )
8 Y Y N 0 0.00E+00 1.25E+00]1.4500E+00 }2.50E+00 wall thickness in the do»
me: THKSPH{3 )
9 Y Y N 0 0.00E+00 1.25E+00; 1.6500E+00 |2.50E+00 wall thickness in the do»
me: THKSPH(4 )
10 Y Y N 0 0.00E+00 1.25E+00!2.0000E+00 |2.50E+00 wall thickness in the do»
me: THKSPH(5 )
11 Y N N 0 0.00E+0C 6.25E~0111.0000E+00 }1.50E+00 location of the ref. sur»
£. in the cylinder: ZREFCY (1 )
12 Y N N 0 0.00E+00 6.25E-01i1.1000E+00 {1.50E+00 location of the ref. sur»
f. in the cylinder: ZREFCY(2 )
13 Y N N 0 0.00E+00 6.25E-011.2000E+00 J1.50E+00 location of the ref. sur»
f. in the cylinder: ZREFCY(3 )
14 N N Y 19 5.00E~01 0.00E+00;1.2500E+00 [0.00E+00 location of the ref. sur»
£f. in the cylinder: ZREFCY ({4 )
15 N N Y 19 5.00E-01 O0.00E+00 {1.2500E+00 j0.00E+00 1location of the ref. sur»
f. in the cylinder: ZREFCY(5 ) /
16 Y Y N 0 0.00E+00 1.25E+00,2.0000E+00 |3.00E+00 thickness of the cylindr»
ical shell: THKCYL(1 ) i
17 Y Y N 0 0.00E+00 1‘25E+OO§2.2000E+OO 3.00E+00 thickness of the cylindr»
ical shell: THKCYL(Z ) i
18 Y Y N 0 0.00E+00 1.25E+OO¢2 4000E+00 (2.50E+00 thickness of the cylindr»
ical shell: THKCYL(3 )
19 Y Y N 0 0.00E+00 1.25E+00 2.5000E+00 j2.50E+00 thickness of the cylindr»
ical shell: THKCYL (4 )
20 N N Y 19 1.00E+0Q0 0.00E+OO 2 SOOOE+OO - 0.00E+00 thickness the cylindr»
ical shell: THKCYL(5 )
BEHAVIOR FOR 1 ENVIRONMENT (LOAD SET) % fl 9
CONSTRAINT BEHAVIOR DEFINITION /’;\Q/ ;‘7‘/}/5}\/ ,}ﬁ /
NUMBER VALUE é
%0 ST "?
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BEHAVIOR FOR LO SET NUMBER, ILCADX= 1
BIGBOSOR4 input file for: buckling load (INDIC=1)
doer .BEHX1

WEIGHT OF THE BIGBOSOR4 MODEL OF THE TANK
TOTMAS = 1.5458E+03

AKX A A A AR A A XA A AR AT ARA KA A IR AXA A AR AT R A AT R Ak kh vk ok ok okdkk

BUCKLING LOAD FACTORS AND MODES (BEHX1)

5.1170E+00(  0) <£g
5.0881E+00 ( 1)

2.3019E+00( 2) 7&542/2 vﬁi \/éKZxJQL’ Qé Ao
1.8904E+00(  3)

2.9298E+00(  4) é%;ﬁﬁ

4.4143E+00(  5)

5.6151E+00(  6)

6.1995E+00(  7)

7.0420E+00(  8)

8.1151E+00(  9)

9.3925E+00( 10)

Critical buckling locad factor, BUCKL= 1.8904E+00

Critical number of circumferential waves, NWVCRT= 3
1 1.890413 tank buckling eigenvalue: BUCKL(1 )
BEHAVIOR OVER J = shell segment number

BIGBOSOR4 input file for: maximum effective stress (INDIC=0)

doer .BEHX2

Shell skin maximum effective stress, SKNMAX= 1.2234E+05

at nodal point 38

Shell skin maximum effective stress, SKNMAX= 1.0877E+05

at nodal peint 18 Aﬁj
*RxxEx MAXTIMUM EFFECTIVE STRESS IN ISOTROPIC WALL *xx¥*x* 5

STRMAX= 1.2234E+05

EE R A A S S S SR EESEEEEEEEESERSEEREEESEEEEEEREEEEEEEEREEEEEEE]

2 122343.1 effective stress in shell segment: STRESS(l?
BIGBOSOR4 input file for: maximum effective stress (INDIC=0)
doer . BEHX2 ///
3 108771.6 effective stregs in shell segment: STRESS(1 ) )

***%* RESULTS FOR LOAD SET NO. 1 | **x%xx
PARAMETERS WHICH DESCRIBE BEHAVIOR (e.g. stress, buckling load)

BEH. CURRENT

NO. VALUE DEFINITION
1 1.890E+00 tank buckling eigenvalue: BUCKL(1 )
2 1.223E+05 effective stress in shell segment: STRESS(1 ,1 )
3 1.088E+05 effective stress in shell segment: STRESS(1 ,2 )

*ok ok ok ok kK NOTE LR 1 NOTB * Rk Kk kK Kk NOTE * ok koK koK NOTE 4ok ok ok ok ok
The phrase, "NOT APPLY", for MARGIN VALUE means that that
particular margin value 1is exactly zero.

*%% END NOTE *** END NOTE *** END NOTE *** END NOTE *****

*xkxx RESULTS FOR LOAD SET NO. 1 x%#*k*x
MARGINS CORRESPONDING TO CURRENT DESIGN (F.S.= FACTOR OF SAFETY)

MARGIN CURRENT

NC. VALUE DEFINITION
1 4.542E-01 (BUCKL(1l )/BUCKLA(1 }) / BUCKLF(1l )-1; F.S.= 1.30
2 ~-1.083E-01 (STRESSA(1 ,1 )/STRESS(1 ,1 )) / STRESSF(1 ,1 )-1; S.= 1.10
3 2.935E-03 (STRESSA({(l1 ,2 )/STRESS(1 ,2 }) / STRESSF(l1 ,2 )-1; S.= 1.10

IS S A SRS EASEE LSS ELSESEREEEREEEEEELS SRR SR SR EEESEEE S S
LR RS S S SRS EREEEEE LSS DESIGN OBJECTIVE deok ok ok ok ok ok ok ke hok ok ko ke Rk R A

ok ok ok ok koK ok K kA K K i, Ak kKoK kKK kK
CCURRENT VALUE OF THE OBJECTIVE FUNCTION: ;

VAR. CURRENT

NO. VALUE DEFINITION Vi
1 !1.546E+03 Eweight of the BIGBOSOR4 model: WEIGHT /

by

106
&fs
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[6(p-542) .

LR RS RS E SRR EEEEEE SRS S DESIGN OBJECTIVE KRk Kk IRk kA XAk hhkkhkhkxhkkkk
AR E RS RS S EREEERSESEREERESEREEEEEEEESEEEEEESEEEEEE RS S EE S

* koK ok ok ok ok ok okok K ALL 1 LOAD CASES PROCESSED d ok k ok ok ok oAk ok ok ok

EEE B RS EERESEEEEEEEEESEEEREESEEEEEREEEEEEEEEEEEEEESEEEEEES

PARAMETERS WHICH ARE ALWAYS FIXED.

VAR. CURRENT
NO. VALUE
1 2.000E+01
2 4.000E+01
3 1.600E+07
4 2.500E-01
5 1.600E-01
6 0.000E+0O
7 1.000E+01
8 1.300E+01
9 1.600E+01
10 2.000E+01
11 2.000E+01L
12 2.200E+01
13 2.500E+01
14 3.000E+01
15 4.000E+01

PARAMETERS WHICH

VAR. CURRENT

NO. VALUE
1 1.500E+04
PARAMETERS WHICH
VAR. CURRENT
NO. VALUE
1 1.000E+00
2 1.200E+05
3 1.200E+05

PARAMETERS WHICH

VAR. CURRENT

NO. VALUE
1 1.300E+00
2 1.100E+00
3 1.100E+00

DEFINITION
radius of the tank: RADIUS
total length of the cylinder:

weight density
axial location
axial location
axial location
axial location
axial location
axial location
axial location
axial location
axial location
axial location

of
of
of
of
of
of
of
of
of
of
of

ARE ENVIRONMENTAL

DEFINITION
uniform external pressure:

NONE CAN BE DECISION VARIAR.

the shell wall:

callout
callout
callout
callout
callout
callout
callout
callout
callout
callout
FACTORS

in
in
in
in
in
in
in
in
in
in

(e.

LENGTH
elastic modulus of the shell wall: EMOD
Poisson ratio of the shell wall:

the
the
the
the
the
the
the
the
the
the
g.

NU

DENSTY
dome: ZSPH({
dome: ZSPH/{
dome: ZSPH(
dome: ZSPH({
dome: ZSPH(S
cylinder: ZCYL(
cylinder: ZCYL(
cylinder: ZCYL(
cylinder: ZCYL{(
cylinder: ZCYL(5
loads, temps.)

PRESS(1 )

ARE CLASSIFIED AS ALLOWABLES

DEFINITION
allowable buckling locad
maximum allowable effective stress: STRESSA(1
maximum allowable effective stress: STRESSA(1

ARE FACTORS OF SAFETY

DEFINITION

(e.g. max. stress)

(Use 1.0): BUCKLA(1l )

factor of safety for buckling: BUCKLF(1l
factor of safety for stress:
factor of safety for stress:

)
STRESSF(1 ,1 )
STRESSF(1 ,2

)

0 INEQUALITY CONSTRAINTS WHICH MUST BE SATISFIED

DESCRIPTION OF FILES USED AND GENERATED IN THIS RUN:

doer .NAM

doer.OPM = Qutput data.

carefully before proceeding.
doer.OPP = Output file containing evolution of design and
margins since the beginning of optimization cycles.
doer .CBL = Labelled common blocks for analysis.
(This is an unformatted sequential file.)
doer.OPT = This file contains the input data for MAINSETUP
as well as OPTIMIZE. The batch command OPTIMIZE
can be given over and over again without having
to return to MAINSETUP because doer.OPT exists.
URPROMPT.DAT= Prompt file for interactive input.

This file contains only the name of the case.
Please list this file and inspect

For further information about files used and generated
during operation of GENOPT, give the command HELPG FILES.

Menu of commands:

CHOOSEPLOT, OPTIMIZE, MAINSETUP, CHANGE,
DECIDE, SUPEROPT

IN ORDER TO AVOID FALSE CONVERGENCE OF THE DESIGN, BE SURE TO
MANY TIMES DURING AN OPTIMIZATION AND/OR USE

RUN "OPTIMIZE"

THE "GLOBAL" OPTIMIZING SCRIPT,
Kk kA K AkA KKK KA KK AR x* A * END OF doer.OPM FILE *%* & x k% ks kkdkkkx

"SUPERQPT" .

gL
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doer..R,Z_Ringl.ocation

Axial Station

l

Model Geometry
40.0000 — Symmcly
38.0000 — (j 7
36.0000 —
34.0000 —
32.0000 —
30.0000 —
28.0000 —
26.0000 —
24.0000 —
22.0000 — =
20.0000
18.0000
16.0000 -
14.0000 —
12.0000 —
10.0000 —
8.0000 —
6.0000 —
4.0000 —
2.0000 —
0.0000 By —

} | Radius
0.0000 10.0000 20.0000

L A S e e bl W
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Axial Station

40
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— — Undeformed
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doer..R,Z_1LLOADSTEP_1
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Axial Station

40
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15

10

Ow’fpu% ?73,/6‘/5&@2“( /é’@g&;‘?«?[ 'f)

— — Undeformed
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doer..R,Z_EIGENMODE_1-
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|

7
Lffe\ctize Stress x 103 {5r
ma

124.0000
122.0000
120.0000
118.0000
116.0000
114.0000
112.0000
110.0000
108.0000
106.0000
104.0000
102.0000
100.0000
98.0000
96.0000
94.0000
92.0000
90.0000
88.0000
86.0000
84.0000

doer..STRESS LOADSTEP 1

Leftmost fiber

Rightmost fiber

e

0.0000

10.0000

Sk

g

20.0000

oo
i’

30.0000

40.0000

Gl

Arc Length

50.0000
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Do you want a tutorial session and tutorial output?

Choose an analysis you DON'T want {1, 2,..), IBEHAV
NPRINT= output index (0=CG00D, 1l=ok, 2=debug, 3=too much)
Choose type of analysis {(l=opt., 2=fixed, 3=sensit.) ITYPE
How many design iterations in this run (3 to 25)°?

Take "shortcuts" for perturbed designs (Y or N)°?

Choose 1 or 2 or 3 or 4 or 5 for IDESIGN

Choose 1 or 2 or 3 or 4 or 5 for move limits, IMOVE

Do you want default (RATIO=10}) for initial move limit jump?
Do you want the default perturbation (dx/x = 0.05)°?

Do you want to have dx/x modified by GENOPT?

Do you want to reset total iterations to zero {(Type H)?

/;ﬁfq% + ”2"72&//7967&%3 Q’t/

Of7im 2%75&%
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Oher, 57, i

0 weight of the BIGBOSOR4 model: WEIGHT
GENOPT doer: objective vs design iterations

2
x10%,
N~

e

16.5

Objective

0 50 100 150 200 250 300 350 400 450 500

33 Design lterations ﬁj Y

12.5



T

n

Lt § (5 e pagss)

Choose an analysis you DON'T want (1, 2,.
NPRINT= output index (0=GOCD, 1=ok,

Choose type of analysis (l=opt., 2=fixed,

mpNn o

"shortcuts" for perturbed designs
2 or 3 oxr 4 or 5 for IDESIGN

Take
Choose 1 or

ol
SR

default (RATIO=10)
the default perturbation

Do
Do
Do
Do

you want
you want
you want
you want

{(dx/x

Ny Uy AN VU A L U U U U U U

BB

* kok ok ok ok koA ok ok ok ok END OF THE doer.OPT FILE kokk ok ok k ok ok ok ok ok
Kok ok ok ok ok ok ok ok ok ok ok JUNE, 2009 VERSION OF GENOPT * ok Kk ok ok ok ok ok ok ko ok ok ok K

*xxxkxx* BEGINNING OF THE doer.OPM FILE ***x*kx*x

3=sensit.)
How many design iterations in this run (3 to 25)7?
(Y or N)?

Choose 1 or 2 or 3 or 4 or 5 for move limits,
for initial move limit jump?

to have dx/x modified by GENOPT?
to reset total iterationg to zero

4

dk ok kKA Kk KKk okok ok kok ok kok ok ok ok ok MAIN PROCESSOR Kk oAk kk ok ok ok Ak ok h ok ok k ok ok kokkok

OPTIMIZE, is to perform,

The purpose of the mainprocessor,
in a batch mode,
called doer. Results are stored in the file doer.OPM.

Please inspect doer.0OPM before doing more design iterations.

the work specified by MAINSETUP for the case

RS AR S SR RS EEEEEEEESEEEEEEREREREEEREREIESEEEES RIS EE RS RS S

STRUCTURAL ANALYSIS FOR DESIGN ITERATION NO. 0:
0

STRUCTURAL ANALYSIS WITH UNPERTURBED DECISION V.

0.

0.

VAR. DEC. ESCAPE LINK. LINKED LINKING LOWER
NO. VAR. VAR. VAR. TO CONSTANT BOUND VALUE |
1 N N N 0 0.00E+00 O.00E+00;6.2500E~-01
n the dome: ZREFSP(1 )
2 N N N 0 0.00E+00 O0.00E+00/ 6.2500E-01
n the dome: ZREFSP(2 )
3 Y N N 0 0.00E+00 6.25E-01 6.6694E-01
n the dome: ZREFSP(3 )
4 Y N N 0 0.00E+00 6.25E-01 6.4444E-01} 2
n the dome: ZREFSP(4 )
5 h'e N N 0 0.00E+00 6.25E-01°'7.7483E-01] 2
n the dome: ZREFSP(5 )
6 N N N 0 O.00E+00 O0.00E+00 1.2500E+00f ©
me: THKSPH(1 )
7 N N N 0 0.00E+00 O.00E+0011.2500E+00f ©
me: THKSPH(Z )
8 Y N N 0 0.00E+00 1.25E+00;1.3091E+00} 2
me: THKSPH(3 )
9 Y N N 0 0.00E+00 1.25E+00;1.2500E+00] 2
me: THKSPH(4 )
10 Y N N g 0.00E+00 1.2%E+0011.5676E+001 2
me: THKSPH(5 )
11 Y N N 0 0.00E+00 6.25E-01] 9.9422E-01} 1
f. in the cylinder: ZREFCY(1l )
12 Y N N 0 0.00E+00 6.25E-011 1.0948E+00{ 1
f. in the cylinder: ZREFCY (2 ) |
13 Y N N 0.00E+00 6.25E-01]{8.3843E-01} 1
f. in the cylinder: ZREFCY(3 )
14 N N Y 19 5.00E-01 O0.00E+00|1.0898E+00} 0O
f. in the cylinder: ZREFCY(4 ) I
15 N N Y 19 5.00E~01 0.00E+00 P.08982+OO 0
f. in the cylinder: ZREFCY(5 ) i
16 Y Y N 0 0.00E+00 1.2ZBE+00 L.9048E+001{ 3
ical shell: THKCYL(1 )
17 Y Y N 0 G.00E+00 1.25E+00 2.1159E+001 3
ical shell: THKCYL(2 )
18 Y Y N o 0.00E+00 1.25E+00/1.9536E+00 1 2
ical shell: THKCYL(3 )
19 Y Y N 0 0.00E+00 1.25E+00}J2.1796E+00 1} 2
ical shell: THRCYL{4 )
20 N N Y 19 1.00E+00 O0.00E+0012.1796E+00) 0O
ical shell: THKCYL(5 ) 4
BEHAVICR FOR 1 ENVIRONMENT (LOAD SET) j
)/r'
CONSTRAINT BEHAVIOR DEFINITION

NUMBER VALUE

%

1.

/ ,
2 Fs B 3
dver., OF N
Do you want a tutorial session and tutorial output?

R
2=debug,

IBEHAV

3=too much)

IMOVE

0.05)7

ITYPE

(Type H)?

9

UPPER

BOUND

00E+00
00E+00
50E+00
.50E+00
.50E+00
.00E+00
.00E+00
.50E+00
.50E+00
.50E+00
.50E+00
.50E+00
.50E+00
.00E+00
.00E+00
.00E+00
.00E+00
.50E+00
.50E+00

.00E+CO

UjL ,ﬁ;zﬁfm

OPEIMIEE

I2

DEFINITION

location of
location of
location of
location of
location of
wall
wall
wall
wall
wall
location of

location of

location of

location of

location of

thickness of
thickness of
thickness of
thickness of

thickness of

thickness
thickness
thickness

thickness

ref. surf. i»

ref. surf. i»

ref. gurf. i»

ref. surf. i»

ref. surf. i»

thickness in the do»

in the do»

in the do»

in the do»

in the do»

the ref. sur»
the ref. sur»
the ref. sur»
the ref. sur»
the ref. sur»
the cylindr»
the cylindr>»
the cylindr»
the cylindr»

the cylindr»
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BEHAVIOR FOR LOAD SET NUMBER

BIGBOSOR4 input file for: buckling load (INDIC=1)

doer .BEHX1

WEIGHT OF THE BIGBOSOR4 MODEL OF THE TANK

TOTMAS = 1.3688E+03

Ahkhk AKX AA A hArAAAAAIAAAAAA A AT R AR AT A TI A A A A A A A A A Ak ok dkkkdk

BUCKLING LOAD FACTORS AND MODES (BEHX1)
5.0503E+00( g} éé !
5.0362E+00( 1) &i‘i?
1.8694E+00(  2) . ;/L f \/aJ«)L
1.3044E+00( 3 )& C{ITLEA ¢525
1.9491E+00( 43
2.9185E+00( 5)
4.0596E+00( 6)
5.1299E+00( 73
5.8542E+00( )
6.6359E+00 ( 9)
7.5675E+00( 10)

Critical buckling load factor, BUCKL= 1.3044E+00

Critical number of circumferential waves, NWVCRT= 3

1 1.304394 tank buckling eigenvalue: BUCKL{1l )
BEHAVIOR OVER J = shell segment number

BIGBOSOR4 input file for: maximum effective stress (INDIC=0)

doer . BEHX2

Shell skin maximum effective stress, SKNMAX= 1.2597E+05
at nodal point 75

Shell skin maximum effective stress, SKNMAX= 1.2356E+05

at nodal point 33

*kxkk* MAXTIMUM EFFECTIVE STRESS IN ISOTROPIC WALL ****xx% /:l' A!%fd) QA
STRMAX= 1.2597E+05 B
’ess in shell segment: STRESS/{ (S\\\\‘§t QJY Vﬁuéfﬂt:>

k*********** e

125968.0

2
BIGBOSOR4 imput file f}r: maximum effective stress (INDIC=0) j‘yaj(,ﬁd ﬁ&&ﬁ%{f
doer .BEHX2 i
3 .123558 8 ] effective stress in shell segment: STRESS(1 | )

Kok kk Kk k

(e.g. stress, buckling load)

% PARAMETERS WHICH DESCRIBE BEHAVIOR

BEH. CURRENT
NO. VALUE

DEFINITION

1 1.304E+00 tank buckling eigenvalue: BUCKL({1l )
2 1.260E+05 effective stress in shell segment: STRESS(1 ,1 )
1.236E+05 effective stress in shell segment: STRESS(1 ,2 )

OTE *;**‘k** NOTE * K K % kK ok NOTE koK ok Kk ok Kk NOTE * %k ok ok ok
The phrase, "NOT APPLY", for MARGIN VALUE means that that
particular margin value is exactly zero.

*%*%* END NOTE *** END NOTE *** END NOTE *** END NOTE ***x*

]

{ kxxx% RESULTS FOH LOAD SET NO. 1 r**x¥*xx
; MARGINS CORRESPONDING TO CURRENT DESIGN (F.S.= FACTOR OF SAFETY)

MARGIN CURRENT C: P &?ﬁf

NO. VALUE DEFINITION

1 3.380E-03 J(BUCKL(1 )/BUCKLA(1 )} / BUCKLF(l )-1; F.S.= 1.30 ; L
2 -4.738E~02 (STRESSA{(1l ,1 })/STRESS(L ,1 )) / STRESSF{(1 ,1 )-1; F.S5.= 1.00 \%L% .
3 -2.880E-02 J(STRESSA(I '2 )/STRESS(1 .2 )) / STRESSF(1 .2 )-1; F.8.= 1.00 [\2! f
Ahkdk bk rd A A A A A AT XTI A T AT A A A A A A A TR XA AR LR XA kb d kb xd ok ¢ . (LL
ERE RS S EEEEESEEEE RS E NS DESIGN OBJECTIVE ok oK Ok E Kk K Kk ok ke Kk ke ok ok ko & '/f é«
*ok ok ok ok ok ok kk ok ok oAk i F g A ok ok ok ok ok ok K /
% CURRENT VALUE OF THE OBJECTIVE FUNCTION’:E d

DEFINITION

VAR.  CURRENT PR
NO. VALUE _
1 | 1.369E+03 iweight of the BIGBOSOR4 model: WEIGHT g
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Rk S O S
B R I e I S DESIGN OBJECTIVE kK khkdkdkhkhkhhkkkhkhdkhk
PR R R R R R SRR R R LSRR EE SRS S E SRR E RS R RS EREEEEESEEES SR

ALL 1 LOAD CASES PROCESSED **#**xkxduk

R R R R R EEEEEREEEEEEEEESEEEESE S EEEEREEEEESEREREEEEESEEE RS

Kk ok kK Kk ok ok kok Kk

k ok ok k ok Kk ok ok ok ok ok

PARAMETERS WHICH ARE ALWAYS FIXED. NONE CAN BE DECISION VARIAB.

VAR. CURRENT
NO. VALUE DEFINITION

1 2.000E+01 radius of the tank: RADIUS

2 4.000E+01 total length of the cylinder: LENGTH

3 1.600E+07 elastic modulus of the shell wall: EMOD

4 2.500E-01 ©Poisson ratio of the shell wall: NU

5 1.600E-01 weight density of the shell wall: DENSTY

6 0.000E+00 axial location of callout in the dome: ZSPH(1l )

7 1.000E+01 axial location of callout in the dome: ZSPH(2 )

8 1.300E+01 axial location of callout in the dome: ZSPH(3 )

9 1.600E+01 axial location of callout in the dome: ZSPH(4 )
10 2.000E+01 axial location of callout in the dome: ZSPH(5 )
11 2.000E+01 axial location of callout in the cylinder: ZCYL (1
12 2.200E+01 axial location of callout in the cylinder: ZCYL(2
13 2.500E+01 axial location of callout in the cylinder: ZCYL(3
14 3.000E+01 axial location of callout in the cylinder: ZCYL(4
15 4.000E+01 axial location of callout in the cylinder: ZCYL(5
PARAMETERS WHICH ARE ENVIRONMENTAL FACTORS (e.g. loads, temps.)
VAR. CURRENT
NO. VALUE DEFINITION

1 1.500E+04 uniform external pressure: PRESS(1 )

PARAMETERS WHICH ARE CLASSIFIED AS ALLOWABLES (e.g. max. stress)
VAR. CURRENT
NO. VALUE DEFINITION

1 1.000E+00 allowable buckling load (Use 1.0): BUCKLA(1 )

2 1.200E+05 maximum allowable effective stress: STRESSA(1 ,1 )

3 1.200E+05 maximum allowable effective stress: STRESSA(1 ,2 )
PARAMETERS WHICH ARE FACTORS OF SAFETY
VAR. CURRENT
NO. VALUE DEFINITION

factor of safety for buckling: BUCKLF(1 )
factor of safety for stress: STRESSF(1I ,1
factor of safety for stress: STRESSF(l1 ,2

1 1.300E+00
2 1.000E+00

)
3 1.000E+00 )

0 INEQUALITY CONSTRAINTS WHICH MUST BE SATISFIED

DESCRIPTION OF FILES USED AND GENERATED IN THIS RUN:

doer .NAM = This file contains only the name of the case.
doer.0OPM = Output data. Please list this file and inspect
carefully before proceeding.
doer.0OPP = Output file containing evolution of design and
margins since the beginning of optimization cycles.
doer .CBL = Labelled common blocks for analysis.
(This is an unformatted sequential file.)
doer .OPT = Thig file contains the input data for MAINSETUP

as well as OPTIMIZE. The batch command OPTIMIZE

can be given over and over again without having

to return to MAINSETUP because doer.OPT exists.
URPROMPT.DAT= Prompt file for interactive input.

For further information about files used and generated
during operation of GENOPT, give the command HELPG FILES.

CHOOSEPLOT, OPTIMIZE, MAINSETUP, CHANGE,
DECIDE, SUPEROPT

Menu of commands:

IN ORDER TO AVOID FALSE CONVERGENCE OF THE DESIGN, BE SURE TO
RUN "OPTIMIZE" MANY TIMES DURING AN OPTIMIZATION AND/CR USE
THE "GLOBAL" OPTIMIZING SCRIPT, "SUPERCPT".

kk Rk ok ok kA ok okok ok ok ok k ok okodokk END OF doer’OPM FILE Kk ok ok ok k ok ok ok ok ok ok kR ok ok ko

il

S N
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Y
1

0.6250000
Y
2
0.6250000
Y
3
0.6669400
Y

4
0.6444400
Y

5
0.7748300
Y
6
1.250000
Y
7
1.250000
b’
8
1.309100
Y
9
1.250000

10
1.567600
Y
11
0.9942200

12
1.0948000

i3
0.838430
Y
14
1.089800

15
1.089800
Y
16
1.904800

17
2.115900
Y
18
1.953600

/‘ﬁf&f o CHANGCE Voo
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doer, CHC

Do you want a tutorial session and tutorial output?
Do you want to change any values in Parameter Set No.

Number of parameter to change (1, 2, 3, . .)

New value of the parameter

Want to change any other parameters in this set?
Number of parameter to change (1, 2, 3, . .)

New value of the parameter

Want to change any other parameters in this set?
Number of parameter to change (1, 2, 3, . .)

New value of the parameter

Want to change any other parameters in this set?
Number of parameter to change (1, 2, 3, . .)

New value of the parameter

Want to change any other parameters in this set?
Number of parameter to change (1, 2, 3, . .}

New value of the parameter

Want to change any other parameters in this set?
Number of parameter to change (1, 2, 3, . .)

New value of the parameter

Want to change any other parameters in this set?
Number of parameter to change (1, 2, 3, . .)

New value of the parameter

Want to change any other parameters in this set?
Number of parameter to change (1, 2, 3, . .)

New value of the parameter

Want to change any other parameters in this set?
Number of parameter to change (1, 2, 3, . .)

New value of the parameter

Want to change any other parameters in this set?
Number of parameter to change (1, 2, 3, . .)

New value of the parameter

Want to change any other parameters in this get?
Number of parameter to change (1, 2, 3, . .)

New value of the parameter

Want to change any other parameters in this set?
Number of parameter to change (1, 2, 3, . .)

New value of the parameter

Want to change any other parameters in this set?
Number of parameter to change (1, 2, 3, . .)

New value of the parameter

Want to change any other parameters in this set?
Number of parameter to change (1, 2, 3, . .)

New value of the parameter

Want to change any other parameters in this set?
Number of parameter to change (1, 2, 3, . .)

New value of the parameter

Want to change any other parameters in this set?
Number of parameter to change (1, 2, 3, . .)

New value of the parameter

Want to change any other parameters in this set?
Number of parameter to change (1, 2, 3, . .)

New value of the parameter

Want to change any other parameters in this set?
Number of parameter to change (1, 2, 3, . .)

New value of the parameter

Want to change any other parameters in this set?
Number of parameter to change (1, 2, 3, . .)

New value of the parameter

Want to change any other parameters in this set?
Number of parameter to change (1, 2, 3, . .}

New value of the parameter

Want to change any other parameters in this set?
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Do you want to change values of any "fixed" parameters?

Do you want to change any loads?
Do you want to change values of allowables?
Do you want to change any factors of safety?
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ble1o  doen, OPT

L U L A U Uy U D Uy Uy e Uy

Do you want a tutorial session and tutorial output?

Choose an analysis you DON'T want (1, 2,..), IBEHAV
NPRINT= output index (0=G00D, l=ok, 2=debuyg, 3=too much)
Choose type of analysis (l=opt., 2=fixed, 3=sensit.) ITYPE
How many design iterations in this run (3 to 25)7

Take "shortcuts" for perturbed designs (Y or N)?

Choose 1 or 2 or 3 or 4 or 5 for IDESIGN

Choose 1 or 2 or 3 or 4 or 5 for move limits, IMOVE

Do you want default (RATIO=10) for initial move limit jump?
Do yvou want the default perturbation (dx/x = 0.05)7

Do you want to have dx/x modified by GENOPT?

Do you want to reset total iterations to zero (Type H)?

mfﬁ fo aams=d oy Lo

WA ORTIHI /%72? 571
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N

i . 7]

n $ Do you want a tutorial session and tutorial output?
v $ Any design variables to be plotted v. iterations (Y or N)}?

2 $ Choose a variable to be plotted v. iterations (1,2,3,..)
v $ Any more design variables to be plotted (Y or N) ?

3 $ Choose a variable to be plotted v. iterations (1,2,3,..)
v $ Any more design variables to be plotted (Y or N) ?

4 $ Choose a variable to be plotted v. iterations (1,2,3,..)
v $ Any more design variables to be plotted (Y or N} ?

5 $ Cheoose a variable to be plotted v. iterations (1,2,3,..)
v $ Any more design variables to be plotted (Y or N) ?

7 $ Choose a variable to be plotted v. iterations (1,2,3, )
v $ Any more design variables to be plotted (Y or N) ?

8 $ Choose a variable to be plotted v. iterations (1,2,3, )
v $ Any more design variables to be plotted (Y or N) ?

9 $ Choose a variable to be plotted v. iterations (1,2,3,..)
v $ Any more design variables to be plotted (Y or N) ?

10 $ Choose a variable to be plotted v. iterations (1,2,3, )
v $ Any more design variables to be plotted (Y or N) ?

11 $ Choose a variable to be plotted v. iterations (1,2,3,..)
v $ Any more design variables to be plotted (Y or N) ?

12 $ Choose a variable to be plotted v. iterations (1,2,3,..)
v $ Any more design variables to be plotted (Y or N) ?

13 $ Choose a variable to be plotted v. iterations (1,2,3,..)
v $ Any more design variables to be plotted (Y or N) ?

14 $ Choose a variable to be plotted v. iterations (1,2,3,..)
v $ Any more design variables to be plotted (Y or N} ?

16 $ Choose a variable to be plotted v. iterations (1,2,3, )
Y $ Any more design variables to be plotted (Y or N) ?

17 $ Choose a variable to be plotted v. iterations (1,2,3,..)
hY $ Any more design variables to be plotted (Y or N) ?

18 $ Choose a variable to be plotted v. iteraticns (1,2,3,..)
Y $ Any more design variables to be plotted (Y or N) ?

19 $ Choose a variable to be plotted v. iterations (1,2,3,..)
n $ Any more design variables to be plotted (Y or N) ?
v $ Any design margins to be plotted v. iterations (Y or N)°?

1 $ Choose a margin to be plotted v. iterations (1,2,3,..)
v S Any more margins to be plotted (Y or N) ?

2 $ Choose a margin to be plotted v. iterations (1,2,3,..)
v $ Any more margins to be plotted (Y or N} ?

3 $ Choose a margin to be plotted v. iterations (1,2,3,..)
n $ Any more margins to be plotted (Y or N) ?

0.3000000 $ Give maximum value (positive) to be included in plot frame.

/ﬂfw’f for «Cw/fgggff};wf
o ‘}W*W%)V;ﬁ fou ot
7hime @vfw viaw DIPLOT



chox 3. ps

0 (BUCKL(1 }/BUCKLA(1))/BUCKLF(1)-1; F.S.= 1.30
O (STRESSA(1,1)/STRESS(1,1))/STRESSF(1,1)-1; F.8.= 1.00
A (STRESSA(t ,2 )JSTRESS(1,2))/STRESSF(1 ,2)-1; F.S.= 1.00

GENOPT doer: design margins vs design iterations

x107,

Design Margins

-0.6
-
-
-
-
-

0 2 4 6 8 10 12

4 Design lterations ﬁjé



2.4

Design Parameters
1.4

location of ref. surtf. in the dome: ZREFSP(2)

location of ref. surf. in the dome: ZREFSP(3)

location of ref. surf. in the dome: ZREFSP({4)

location of ref. surf. in the dome: ZREFSP(5)

wall thickness in the dome: THKSPH(2)

wall thickness in the dome: THKSPH(3)

wall thickness in the dome: THKSPH(4 )

wall thickness in the dome: THKSPH(5 ) z?/ <
location of the ref. surf. in the cylinder: ZREFCY(1) 0oL, ! f
location of the ref. surf. in the cylinder: ZREFCY(2)

location of the ref. surf. in the cylinder: ZREFCY(3)

location of the ref. surf. in the cylinder: ZREFCY(4 )

thickness of the cylindrical shell: THKCYL(1)

thickness of the cylindrical sheli: THKCYL(2 )

thickness of the cylindrical shell: THKCYL(3)

thickness of the cylindrical shell: THKCYL(4 )

GENOPT doer: design variables vs desxgn iterations
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x10

Objective

(iga% g, FS’

O weight of the BIGBOSOR4 model: WEIGHT
GENOPT doer: objectlve VS de51gn iterations

140.5

139.5

138.5

137.5

136.5

A
8
Ci 7 Design lterations ﬁjg
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0
2
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15
n
1
3
Y
Y
n
n

d ok ok ok ok kk ok ok okok
hokok ok Kok ok ok Kk ok ok

*kxkkkkx BEGTNNING OF THE doer.OPM FILE *****x*x*xx

The purpose of the mainprocessor, OPTIMIZE,
the work specified by MAINSETUP for the case
doexr .OPM.

in a batch mode,
. Results are stored in the file

Please inspect doer.OPM before doing more design iterations.
R R R R R R R 2 2 2 2 S R R EE R R R R R EREE R R LR A RS RS R

/ e fed ”0@722};4%

called doer

$ Do you want a tutorial session and tutorial output?
$ Choose an analysis you DON'T want (1, 2,..), IBEHAV
$ NPRINT= output index (0=GO0OD, l=ok, 2=debug, 3=toco much)
¢ Choose type of analysis (l=opt., 2=fixed, 3=sensit.) ITYPE
$ How many design iterations in this run (3 to 25)7
$ Take "shortcuts" for perturbed designs (Y or N)°?
$ Choose 1 or 2 or 3 or 4 or 5 for IDESIGN
$ Choose 1 or 2 or 3 or 4 or 5 for move limits, IMOVE
$ Do you want default (RATIO=10) for initial move limit jump?
$ Do you want the default perturbation (dx/x = 0.05)7?
$ Do you want to have dx/x modified by GENOPT?
$ Do you want to reset total iterations to zero (Type H)?
* END OF THE doer.OPT FILE *****%xkkxk%*
* JUNE, 2009 VERSION OF GENOPT *****kkkkdokddhkk

STRUCTURAL ANALYSIS FOR DESIGN ITERATION NO. O:

0

STRUCTURAL ANALYSIS WITH UNPERTURBED DECISION VA

VAR. DEC. ESCAPE LINK. LINKED LINKING

NO. VAR. VAR. VAR. TO
1 N N N 0
n the dome: ZREFSP{1 )
2 N N N 0
n the dome: ZREFSP(2 )
3 Y N N 0
n the dome: ZREFSP(3 )
4 Y N N 0
n the dome: ZREFSP(4 )
5 Y N N 0
n the dome: ZREFSP(5 )
6 N N N 0
me: THKSPH(1 )
7 N N N 0
me: THKSPH(2 )
8 Y Y N 0
me: THKSPH(3 )
9 Y Y N [
me: THKSPH(4 )
10 Y Y N 0
me: THKSPH(S )
11 Y N N 0
f. in the cylinder: ZREFCY (1
12 Y N N 0
f. in the cylinder: ZREFCY(2
13 Y N N 0
f. in the cylinder: ZREFCY (3
14 N N Y 19
£. in the cylinder: ZREFCY (4
15 N N Y 19
f. in the cylinder: ZREFCY (5
16 Y Y N 0
ical shell: THKCYL (1 )

17 Y Y N o]
ical shell: THECYL(2 )

18 Y Y N 0
ical shell: THKCYL({3 )

19 Y Y N 0
ical shell: THRCYL {4 )

20 N N Y 19
ical shell: THRCYL(5

BEHAVICR FOR

)
1 ENVIRONMENT

CONSTRAINT BEHAVICOR

NUMBER

VALUE

i

LOWER
CONSTANT BOUND
0.00E+00 .00E+00
0.00E+00 .00E+00
0.00E+00 .2B8E-01
0.00E+00 L25E-01
0.00E+00 .25E-01
0.00E+00 .00E+00
0.00E+00 .00E+00
0.00E+00 .25E+00
0.00E+00 .25E+00
0.00E+00 L25E+00
0.00E+00 .25E-01
0.00E+00 .25E-01
0.00E+00 .25E-01
5.00E-01 .00E+00
5.00E-01 .00E+00
0.00E+00 .25E+00
0.00E+CO .25E+00
0.00E+00 L25E+00
0.00E+00 .25E+00
1.00E+00 .00E+00
{LOAD SET)
DEFINITION

is to perform,

BLES
CURRENT
VALUE

.2500E-01
.2500E-01
.3706E~01
.2800E~01
.4011E-01
.2500E+00
.2500E+00
.2758E+00
.2500E+00
.6144E+00
.6499E-01
.0457E+00
.6174E-01
.1346E+00
.1346E+00
.9620E+00
.1794E+00
.0447E+00
.2693E+00

.2693E+00

0 *jP v;r (s

Thkok ok ok ok ok kkkkokk kA ok kkokkokkk MAIN PROCESSOR ERE R R RS E S SR SRS LSS SRS S S

UPPER

BOUND
0.00E+00
0.00E+00
1.50E+00
2.50E+00
2.50E+00
0.00E+00
0.00E+00

2.50E+00

2.50E+00
2.50E+00
1.50E+00
1.50E+00
1.50E+00
0.00E+0Q0
0.00E+00
3.00E+0Q0
3.00E+00
2.50E+00

2.50E+00

0.00E+00

DEFINITION

location of ref.

surf.

location of

location of
location of
location of
wall
wall
wall
wall
wall
location of
location of

location of

location of

location of

thickness
thickness
thickness

thickness

ref.
ref.
ref.
ref.
in the
in the
in the
in the
the ref.

the ref.

surf.

surf.

surf.

surf.

the
the

the

ref.

ref.

ref.

i»
i»
i»
i»

i»

thickness in the do»

do»

do»

do»

do»

sur>»

sur>»

sur>»

sur»

sur»

thickness of the cylindr»

thickness
thickness
thickness

thickness

of the
of the
of the

of the

cylindr»
cylindr>»
cylindr»

cylindr>»



Tahle 22p. 2] )

BEHAVIOR FOR LOAD SET NUMBER, ILOADX= 1
BIGBOSOR4 input file for: buckling load (INDIC=1)
doer .BEHX1

WEIGHT OF THE BIGBOSOR4 MODEL OF THE TANK
TOTMAS = 1.4029E+03

dAKA KK AKK IR A A I A AT Ak hhhkhdkhkrhkhAhkrddhrhrrr kAo hkhkdkkkkxFxh

BUCKLING LOAD FACTORS AND MODES (BEHX1)

5.0469E+00 { 0)
5.0282E+00( 1) / é W‘CJZ
1.9429E+00( 2) :
1.4347E+00 ( 3)4%**"(3{71%%1&2,‘ R N /
2.1787E+00( 4)
3.2639E+00¢{ 5)
4.4859E+00 ( 6)
5.2346E+00( 73
5.7873E+00( 8)
6.5147E+00( 9)
7.4054E+00( 10)
Critical buckling load factor, BUCKL= 1.4347E+00
Critical number of circumferential waves, NWVCRT= 3
1 1.434749 tank buckling eigenvalue: BUCKL(1l )
BEHAVIOR OVER J = shell segment number

BIGRBOSOR4 input file for: maximum effective stress (INDIC=0)
doer . BEHX2

Shell skin maximum effective stress, SKNMAX= 1.2208E+05
at nodal point 73
Shell skin maximum effective stress, SKNMAX= 1.1953E+05

at nodal point 33

*x*k*kx MAXIMUM EFFECTIVE STRESS IN ISOTROPIC WALL *****xx

STRMAX= 1.2208E+05 T ek 7£;5 /5 &‘Cﬁ? d

**********?**‘k******* * ok kR ok ok Kk k k k ok ok ok ok ok ok K
122083.0 ; ive stress in shell segment: STRESS(1

BIGBOSOR4
doer . BEHX2
3

’

! put file for: maximum effective stress (INDIC=0)
119530.0 effective stress in shell segment: STRESS(1 ,2 )

*xk&k% RESULTS FOR LOAD SET NO. 1 FEEA A
PARAMETERS WHICH DESCRIBE BEHAVIOR (e.g. stress, buckling load)

BEH. CURRENT

NO. VALUE DEFINITION
1 1.435E+00 tank buckling eigenvalue: BUCKL({(1l )

2 1.221E+05 effective stress in shell segment: STRESS(1 ,1 )
3 1.195E+05 effective stress in shell segment: STRESS{(1 ,2 )

* k ok ok k ok Kk NOTE * ok ok kK kK NOTE * ok ok ok k ok ok NOTE * ok ok ok kK NOTE ok ok ok ok ok
The phrase, "NOT APPLY", for MARGIN VALUE means that that
particular margin value is exactly zero.

*** END NOTE *** END NOTE *** END NOTE *** END NOTE ****xx

g MARGINS CORRESPO

R LOAD SET NO. 1 ‘*xxx» .
DING TO CURRENT DESIGN (F.S.= FACTOR OF SAFETY) Cz’!

MARGIN CURRENT

%% NO. VALUE i DEFINITION

j 1 1.037E-01 HBUCKL (1l )/BUCKLA(l }} / BUCKLF(l1 )-1; F.S.= 1.30 2/
2 -1.706E-02 §(STRESSA{l ,1 )/STRESS(1 ,1 })) / STRESSF(1 ,1 )-1; F.S. 1.00 F
3 (STRESSA(L1 ,2 }/STRESS(1 ,2 }) / STRESSF(1 ,2 )-1; F.s.

3.932E-03

ioH

)

(o)

o

R
{:xnm’ 2

i
3

I R E R E R R A R R R R R RS R TR SRS E LR E R RS RS R R S SR
Kk kA K KKk Kk Kk k ok ok kokdkkokk ok DESIGN OBJECTIVE * ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok okok
* ok kkkk ok ok kk ok ohk

Kk kA kkkhkkok
% CURRENT VALUE OF THE OBJECTIVE FUNCTION}

VAR. CURRENT

NO. r’ VALUE DEFINITION
1 ; 1.403E+03 ] weight of the BIGBOSOR4 model: WEIGHT

1
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k kA A AKX KK KA kK Kk k ok ok ok ok okk ok ok kk
EREEE R R R SRS EEEE R RS RN DESIGN OBJECTIVE khkhkdkdkdhkhhkkhhkhkxdkhhkhx
AA KX h A AN A A I KA E A A A A A A AT I A A A A AR A A AL AR TR K Ak hkhhdkokkhok ok kk
ALL 1 LOAD CASES PROCESSED *#***kxxkkkx

FHEAKKAKR XA AN KA AR X AAAAAA I A A A A A A AR AX KT A A XA AR AR AT Ak k A K

k ok ok Kk ok ok ok ok ok ok ok

PARAMETERS WHICH ARE ALWAYS FIXED. NONE CAN BE DECISION VARIAB.

VAR. CURRENT
NO. VALUE DEFINITION

1 2.000E+01 radius of the tank: RADIUS

2 4.000E+01 total length of the cylinder: LENGTH

3 1.600E+07 elastic modulus of the shell wall: EMOD

4 2.500E-01 ©Poisson ratio of the shell wall: NU

5 1.600E-01 weight density of the shell wall: DENSTY

6 0.000E+00 axial location of callout in the dome: ZSPH(1 )

7 1.000E+01 axial location of callout in the dome: ZSPH(2 )

8 1.300E+01 axial location of callout in the dome: ZSPH(3 )

9 1.600E+01 axial location of callout in the dome: ZSPH(4 )
10 2.000E+01 axial location of callout in the dome: ZSPH(5 )
11 2.000E+01 axial location of callout in the cylinder: ZCYL (1
12 2.200E+01 axial location of callout in the cylinder: ZCYL(2
13 2.500E+01 axial location of callout in the cylinder: ZCYL(3
14 3.000E+01 axial location of callout in the cylinder: ZCYL(4
15 4.000E+01 axial location of callout in the cylinder: ZCYL(5
PARAMETERS WHICH ARE ENVIRONMENTAL FACTORS (e.g. loads, temps.)
VAR. CURRENT
NO. VALUE DEFINITION

1 1.500E+04 uniform external pressure: PRESS(1 )

PARAMETERS WHICH ARE CLASSIFIED AS ALLOWABLES (e.g. max. stress)
VAR. CURRENT
NO. VALUE DEFINITION

1 1.000E+00 allowable buckling load (Use 1.0): BUCKLA(1l )

2 1.200E+05 maximum allowable effective stress: STRESSA(1 ,1 )

3 1.200E+05 maximum allowable effective stress: STRESSA(1 ,2 )
PARAMETERS WHICH ARE FACTORS OF SAFETY
VAR. CURRENT
NO. VALUE DEFINITION

1 1.300E+00 factor of safety for buckling: BUCKLF(1l )

2 1.000E+00 factor of safety for stress: STRESSF(1 ,1 )

3 1.000E+00 factor of safety for stress: STRESSF(1 ,2 )

0 INEQUALITY CONSTRAINTS WHICH MUST BE SATISFIED

DESCRIPTION OF FILES USED AND GENERATED IN THIS RUN:

doer.NAM = This file contains only the name of the case.
doer.OPM = Output data. Please list this file and inspect
carefully before proceeding.
doer .OPP = Output file containing evolution of design and
margins since the beginning of optimization cycles.
doer.CBL = Labelled common blocks for analysis.
(This is an unformatted sequential file.)
doer.OPT = This file contains the input data for MAINSETUP

as well as OPTIMIZE. The batch command OPTIMIZE

can be given over and over again without having

to return to MAINSETUP because doer.OPT exists.
URPROMPT.DAT= Prompt file for interactive input.

For further information about files used and generated
during operation of GENCPT, give the command HELPG FILES.

CHOOSEPLOT, OPTIMIZE, MAINSETUP, CHANGE,
DECIDE, SUPERCPT

Menu of commands:

IN ORDER TO AVOID FALSE CONVERGENCE OF THE DESIGN, BE SURE TO
RUN “"OPTIMIZE" MANY TIMES DURING AN OPTIMIZATION AND/OR USE
THE "GLOBAL" OPTIMIZING SCRIPT, "SUPEROPT".

PR E R RS E R RS EE SRS RS END OF doer.oPM FILE *k ok ok oAk ok R ok ok ok ok ok ok ok ok

[0
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Do you want a tutorial session and tutorial output?
Do you want to change any values in Parameter Set No.

Y
1

0.6250000
Y
2
0.6250000
Y
3
0.6370600
Y
4
0.6280000
Y
5
0.7401100
Y
6
1.250000
Y
7
1.250000
Y
8
1.275800
Y

9
1.250000

10
1.614400
Y
11
0.9649900

12
1.0457000
Y

13
0.861740
Y
14
1.134600

Y
15
1.134600
Y
16
1.962000

17
2.179400
Y
18
2.044700

A A L U U U U A U U U A0 U A U U U U U U U A D D A 0 U U U U U YUY A U A U A A Y A A U Y A U A U A ALY Y U 0 U U A Y U U U A U A A Ay

e (HE

Number of parameter toc change (1, 2, 3, . .}

New value of the parameter

Want to change any other parameters in this set?
Number of parameter to change (1, 2, 3, . .)

New value of the parameter

Want to change any other parameters in this set?
Number of parameter to change (1, 2, 3, . .)

New value of the parameter

Want to change any other parameters in this set?
Number of parameter to change (1, 2, 3, . .)

New value of the parameter

Want to change any other parameters in this set?
Number of parameter to change (1, 2, 3, . .)

New value of the parameter

Want to change any other parameters in this set?
Number of parameter to change (1, 2, 3, . .)

New value of the parameter

Want to change any other parameters in this set?
Number of parameter to change (1, 2, 3, . .)

New value of the parameter

Want to change any other parameters in this set?
Number of parameter to change (1, 2, 3, . .)

New value of the parameter

Want to change any other parameters in this set?
Number of parameter to change (1, 2, 3, . .)

New value of the parameter

Want to change any other parameters in this set?
Number of parameter to change (1, 2, 3, . .)

New value of the parameter

Want to change any other parameters in this set?
Number of parameter to change (1, 2, 3, . .)

New value of the parameter

Want to change any other parameters in this set?
Number of parameter to change (1, 2, 3, . .)

New value of the parameter

Want to change any other parameters in this set?
Number of parameter to change (1, 2, 3, . .)

New value of the parameter

Want to change any other parameters in this set?
Number of parameter to change (1, 2, 3, . .)

New value of the parameter

Want to change any other parameters in this set?
Number of parameter to change (1, 2, 3, . .)

New value of the parameter

Want to change any other parameters in this set?
Number of parameter to change (1, 2, 3, . .)

New value of the parameter

Want to change any other parameters in this set?
Number of parameter to change (1, 2, 3, . .)

New value of the parameter

wWant to change any other parameters in this set?
Number of parameter to change (1, 2, 3, . .}

New value of the parameter

Want to change any other parameters in this set?
Number of parameter to change (1, 2, 3, . .)

New value of the parameter

Want to change any other parameters in this set?
Number of parameter to change (1, 2, 3, . .}

New value of the parameter

Want to change any other parameters in this set?
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Do you want to change values of any "fixed" parameters?

Do you want to change any loads?
Do you want to change values of allowables?
Do you want to change any factors of safety?
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$ Do you want a tutorial session and tutorial output? 5“3{
20.00000 $ radius of the tank: RADIUS
40.00000 $ total length of the cylinder: LENGTH
0.1600000E+08 $ elastic modulus of the shell wall: EMOD
0.2500000 $ Poisson ratio of the shell wall: NU
0.1600000 $ weight density of the shell wall: DENSTY

91 $ number of nodal points in the dome: NODSPH

91 $ number of nodal points in the cylinder: NODCYL

10 $ number of axial callouts in the dome: NPTSPH

10 $ Number IZSPH of rows in the array ZSPH: IZSPH
0.000000 $ axial location of callout in the dome: ZSPH({ 1)
10.00000 $ axial location of callout in the dome: ZSPH( 2)
12.00000 $ axial location of callout in the dome: ZSPH( 3)
14.00000 $ axial location of callout in the dome: ZSPH{ 4)

15 $ axial location of callout in the dome: ZSPH({ 5)

16 $ axial location of callout in the dome: ZSPH({ 6)

17 $ axial location of callout in the dome: ZSPH( 7)

18 $ axial location of callout in the dome: ZSPH{ 8)

19 $ axial location of callout in the dome: ZSPH( 9)
20.00000 $ axial location of callout in the dome: ZSPH(10)

10 $ Number of axial callouts in the cylinder: NPTCYL

10 $ Number IZCYL of rows in the array 2ZCYL: IZCYL
20.00000 $ axial location of callout in the cylinder: ZCYL({ 1)

21 $ axial location of callout in the cylinder: ZCYL({ 2)
22.00000 $ axial location of callout in the cylinder: ZCYL({ 3)

23 $ axial location of callout in the cylinder: ZCYL{ 4)

24 $ axial location of callout in the cylinder: ZCYL{ 5)
25.00000 $ axial location of callout in the cylinder: ZCYL{ 6)

26 $ axial location of callout in the cylinder: ZCYL( 7)

28 $ axial location of callout in the cylinder: ZCYL{ 8)
30.00000 $ axial location of callout in the cylinder: ZCYL( 9)
40.00000 $ axial location of callout in the cylinder: ZCYL(10)

10 $ Number IZREFSP of rows in the array ZREFSP: IZREFSP
0.6250000 $ location of ref. surf. in the dome: ZREFSP( 1)
0.6250000 $ location of ref. surf. in the dome: ZREFSP( 2)
0.6250000 $ location of ref. surf. in the dome: ZREFSP( 3)
0.6250000 $ location of ref. surf. in the dome: ZREFSP( 4)
0.6250000 $ location of ref. surf. in the dome: ZREFSP( 5)
0.6250000 4 location of ref. surf. in the dome: ZREFSP( 6)
0.6250000 $ location of ref. surf. in the dome: ZREFSP( 7)
0.6250000 4 location of ref. surf. in the dome: ZREFSP( 8)
0.6250000 5 location of ref. surf. in the dome: ZREFSP( 9)
0.6250000 $ location of ref. surf. in the dome: ZREFSP(10)

1.250000 $ wall thickness in the dome: THKSPH({ 1)
1.250000 $ wall thickness in the dome: THKSPH({ 2)
1.250000 $ wall thickness in the dome: THKSPH( 3)
1.250000 $ wall thickness in the dome: THKSPH{ 4)
1.250000 $ wall thickness in the dome: THKSPH{ 5)
1.250000 $ wall thickness in the dome: THKSPH{ 6)
1.250000 $ wall thickness in the dome: THKSPH( 7)
1.250000 $ wall thickness in the dome: THKSPH({ 8)
1.250000 $ wall thickness in the dome: THKSPH{ 9)
1.250000 $ wall thickness in the dome: THKSPH(10)

10 $ Number IZREFCY of rows in the array ZREFCY: IZREFCY
1.250000 $ location of the ref. surf. in the cylinder: ZREFCY( 1)
1.250000 $ location of the ref. surf. in the cylinder: ZREFCY( 2)
1.250000 $ location of the ref. surf. in the cylinder: ZREFCY{ 3)
1.250000 $ location of the ref. surf. in the cylinder: ZREFCY( 4)
1.250000 $ location of the ref. surf. in the cylinder: ZREFCY({ 5)
1.250000 $ location of the ref. surf. in the cylinder: ZREFCY( 6)
1.250000 $ location of the ref. surf. in the cylinder: ZREFCY( 7)
1.250000 $ location of the ref. surf. in the cylinder: ZREFCY({ 8)
1.250000 $ location of the ref. surf. in the cylinder: ZREFCY( 9)
1.250000 $ location of the ref. surf. in the cylinder: ZREFCY(10)
2.500000 $ thickness of the cylindrical shell: THKCYL({ 1)
2.500000 $ thickness of the cylindrical shell: THKCYL({ 2)
2.500000 $ thickness of the cylindrical shell: THKCYL( 3)
2.500000 $ thickness of the cylindrical shell: THKCYL({ 4)
2.500000 $ thickness of the cylindrical shell: THKCYL( 5)
2.500000 $ thickness of the cylindrical shell: THKCYL{ 6)
2.500000 $ thickness of the cylindrical shell: THKCYL( 7}
2.500000 $ thickness of the cylindrical shell: THKCYL( 8)
2.500000 $ thickness of the cylindrical shell: THKCYL({ 9)
2.500000 $ thickness of the cylindrical shell: THKCYL(10)

o] $ low end of range of buckling circ. waves: NBUKLO

5 $ high end of range of buckling circ. waves: NBUKHI

1 $ Number NCASES of load cases (environments): NCASES
15000.00 $ uniform external pressure: PRESS( 1)

1o
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1.000000 $ allowable bhckling load (Use 1.0): BUCKLA( 1)
1.300000 $ factor of safety for buckling: BUCKLF( 1)

2 $ Number JSTRESS of columns in the array, STRESS: JSTRESS
120000 $ maximum allowable effective stress: STRESSA( 1, 1)
120000 $ maximum allowable effective stress: STRESSA( 1, 2)

1.000000 $ factor of safety for stress: STRESSF( 1, 1)
1.000000 $ factor of safety for stress: STRESSF( 1, 2)

[1]
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$ Do ybu want a tutorial sess ron and tutorial output?
$ Choose a decision variable (1,2,3, ) j;jl }%
0.6250000 $ Lower bound of variable no.( 3)
1.500000 $ Upper bound of variable no.( 3)
v $ Any more decision variables (Y or N) 7
4 $ Choose a decision variable (1,2,3,...)
0.6250000 $ Lower bound of variable no.{ 4)
1.500000 ¢ Upper bound of variable no.( 4)
v ¢ Any more decision variables (Y or N} ?
5 $ Choose a decision variable (1,2,3,...)
0.6250000 $ Lower bound of variable no.( 5)
1.500000 $ Upper bound of variable no.( 5)
v $ Any more decision variables (¥ oxr N) ?
6 $ Choose a decision variable (1,2,3,...)
0.6250000 $ Lower bound of variable no.( 6)
1.500000 $ Upper bound of variable no.( 6)
Y $ Any more decision variables (Y or N) ?
7 ¢ Choose a decision variable (1,2,3,...)
0.6250000 $ Lower bound of variable no.( 7)
1.500000 $ Upper bound of variable no.( 7}
v ¢ Any more decision variables (Y or N) ?
8 $ Choose a decision variable (1,2,3,...)
0.6250000 $ Lower bound of variable no.( 8)
1.500000 $ Upper bound of variable no.( 8)
v $ Any more decision variables (Y or N) ?
9 $ Choose a decision variable (1,2,3,...)
0.6250000 $ Lower bound of variable no.( 9)
1.500000 $ Upper bound of variable no.({ 2)
b $ Any more decision variables (Y or N} ?
10 $ Choose a decision variable (1,2,3,...)
0.6250000 $ Lower bound of variable no. (10)
1.500000 $ Upper bound of variable no. (10)
Y ¢ Any more decision variables (Y or N) ?
13 $ Choose a decision variable (1,2,3,...)
1.250000 $ Lower bound of variable no. (13)
2.500000 $ Upper bound of variable no. (13)
v $ Any more decision variables (Y or N) ?
14 $ Choose a decision variable (1,2,3,...)
1.250000 $ Lower bound of variable no. (14)
2.500000 $ Upper bound of variable no. (14)
v $ Any more decision variables (Y or N) ?
15 $ Choose a decision variable (1,2,3,...)
1.250000 $ Lower bound of variable no.{(15)
2.500000 $ Upper bound of variable no. (15)
v $ Any more decision variables (Y or N) ?
16 $ Choose a decision variable (1,2,3,...)
1.250000 $ Lower bound of variable no. (16)
2.500000 ¢ Upper bound of variable no.{16)
v $ Any more decision variables (Y or N} ?
17 $ Choose a decision variable (1,2,3,...)
1.250000 $ Lower bound of variable no. (17)
2.500000 $ Upper bound of variable no. (17)
Y $ Any more decision variables (Y or N} ?
18 $ Choose a decision variable (1,2,3,...)
1.250000 $ Lower bound of variable no. (18)
2.500000 $ Upper bound of variable no.(18)
v $ Any more decision variables (Y or N} ?
19 $ Choose a decision variable (1,2,3,...)}
1.250000 $ Lower bound of variable no. (19}
2.500000 $ Upper bound of variable no.(193)
v $ Any more decision variables (Y or N} ?
20 $ Choose a decision variable (1,2,3,...)
1.250000 $ Lower bound of variable no. {20)
2.500000 $ Upper bound of variable no. (20}
Y ¢ Any more decision variables (Y or N} 7
21 $ Choose a decision variable (1,2,3,...)
0.6250000 ¢ Lower bound of variable no. (21)
1.500000 $ Upper bound of variable no. (21)
v $ Any more decision variables (Y or Nj ?
22 $ Choose a decision variable (1,2,3,...)
0.6250000 ¢ Lower bound of variable no. (22}
1.500000 $ Upper bound of variable no. (22)
$ Any more decision variables (Y or N} ?
23 $ Choose a decision variable (1,2,3,...)
0.6250000 $ Lower bound of variable no. (23)
1.500000 $ Upper bound of variable no. (23)
v ¢ Any more decision variables (Y or N} 7
24 $ Choose a decision variable (1,2,3,...)

11
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0.6250000
1.500000
Y
25
0.6250000
1.500000
Y
26
0.6250000
1.500000

27
0.6250000
1.500000
Y
28
0.6250000
1.500000
Y
31
1.250000
3.000000
Y
32
.250000
.000000

L)

33
.250000
.500000

Y

34
1.250000
2.500000

N

35
1.250000
2.500000

Y

36
1.250000
2.500000

37
1.250000
2.500000

Mg

38
1.250000
2.500000

Y

39
1.250000
2.500000

n
Y
29
1
39
0.5000000
1

n
n
Y

30

1

39

0.5000000
1

n
n
Y
40
1
39
1.000000

1
n

A A A A AL U A A U U U AU U U A U U U U U U U 0 A0 U U U Y U U U U U U U U A U O U U U U U U U U U U U U U U U U U U U U U U U U U U U U U A A A A

Lower bound of variable no. (24)
Upper bound of variable no. (24)
Any more decision variables (Y or N) ?
Choose a decision variable (1
Lower bound of variable no. (2
Upper bound of variable no. (2
Any more decision variables (
Choose a decision variable (1
Lower bound of variable no. (2
Upper bound of variable no. (2
Any more decision variables (
Choose a decision variable (1
Lower bound of variable no. (2
Upper bound of variable no. (2
Any more decision variables (Y or N) ?
Choose a decision variable (1,2,3,...)
Lower bound of variable no. (28)
Upper bound of wvariable no. (28)
Any more decision variables (Y or N) ?
Choose a decision variable (1,2,3,...)
Lower bound of variable no. (31)
Upper bound of variable no. (31)
Any more decision variables (Y or N) ?
Choose a decision variable (1,2,3,...)
Lower bound of variable no. (32)
Upper bound of variable no. (32)
Any more decision variables (Y or N) ?
Choose a decigsion variable (1,2,3,...)
Lower bound of variable no. (33)
Upper bound of variable no. (33)
Any more decision variables (Y or N} ?
Choose a decision variable (1,2,3,...)
Lower bound of variable no. (34)
Upper bound of wvariable no. (34)
Any more decision variables (Y or N) ?
Choose a decision variable (1,2,3,...)
Lower bound of variable no. (35)
Upper bound of variable no. (35)
Any more decision variables (Y or N) ?
Choose a decision variable (1,2,3,...)
Lower bound of variable no. (36)

36)
(

| npu7

¢

@e/%/u

7k

Upper bound of variable no.{
Any more decision variables (Y or N) ?

Choose a decision variable (1,2,3,...)

Lower bound of variable no. (37)

Upper bound of variable no. (37)

Any more decision variables (Y or N) ?

Choose a decision variable (1,2,3,...)

Lower bound of variable no. (38)

Upper bound of variable no. (38)

Any more decision variables (Y or N) ?

Choose a decision variable (1,2,3,...)

Lower bound of variable no. (39)

Upper bound of variable no. (39)

Any more decision variables (Y or N) ?

Any linked variables (Y or N} ?

Choose a linked variable (1,2,3,...)

Choose type of linking (l=polynomial; 2=user-defined)
To which variable is this variable linked?

Assign a value to the linking coefficient, C({(3J)

To what power is the decision variable raised?

Any other decision variables in the linking expression?
Any constant CO in the linking expression?

Any more linked wvariables (Y or N) ?

Choose a linked variable (1,2,3,...)

Choose type of linking (l=polynomial; 2=user-defined)
To which variable is this variable linked?

Assign a value to the linking coefficient, C{Jj)

To what power is the decision variable raised?

Any other decision variables in the linking expression?
Any constant C0 in the linking expression?

Any more linked variables (Y or N} ?

Choose a linked variable (1,2,3,...)

Choose type of linking (l=polynomial; Z2=user-defined)
To which variable is this variable linked?

Assign a value to the linking coefficient, C{(j)

To what power is the decision variable raised?

Any other decision variables in the linking expression? gf

[
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Any constant C0 in the linking expression?

Any more linked variables (Y or N) ?

Any inequality relations among variables? (type H)
Any escape variables (Y or N) ?

Want to have escape variables chosen by default?

/f;,wff‘ o DeCrTE
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Choose an analysis you DON'T want (1, 2,..), IBEHAV
NPRINT= output index (0=GOOD, 1l=ok, 2=debug, 3=too much)
Choose type of analysis (l=opt., 2=fixed, 3=sensit.) ITYPE
How many design iterations in this run (3 to 25)7?

Take "shortcuts" for perturbed designs (Y oxr N)?

Choose 1 or 2 or 3 or 4 or 5 for IDESIGN

Choose 1 or 2 or 3 or 4 or 5 for move limits, IMOVE

Do you want default (RATIO=10) for initial move limit jump?
Do you want the default perturbation (dx/x = 0.05)7?

Do you want to have dx/x modified by GENOPT?

Do you want to reset total iterations to zero (Type H)?

o]
[GESE SN

B DO
AL Y AL A e Uy A U U U U Y

BBKN

kA khkkkhkkhkkohkk END OF THE doer_OPT FILE * ok ok ok ok ok ok ok ok kK
* ok ok ok ok k ok ok ok ok ok k JUNE’ 2009 VERSION OF GENOPT Kk Kk khkkhhkhkkkkhkkkk
*¥&*x**kk*k DEGINNING OF THE doer.OPM FILE ******xxx%

*kkIkAAKARA AN A A AR TRk *hhkdkk MAIN PROCESSOR EREEEE R E R R R RS S R
The purpose of the mainprocessor, OPTIMIZE, is to perform,

in a batch mode, the work specified by MAINSETUP for the case
called doer. Results are stored in the file doer.OPM.

Please inspect doer.OPM before doing more design iterations.
B R R A R R R R E R E R R E R E R R R R R R R TR R R SRS SRR S R

&F%;/i%m a[w/j/ﬂ ‘

STRUCTURAL ANALYSIS FOR DESIGN ITERATION NO. 0:

0
STRUCTURAL ANALYSIS WITH UNPERTURBED DECISION VARIABLES

VAR. DEC. ESCAPE LINK. LINKED LINKING LOWER CURRENT UPPER DEFINITION
NOC. VAR. VAR. VAR. TO CONSTANT BOUND VALUE : BOUND
1 N N N 0 0.00E+00 O0.00E+00}6.2500E-01} 0.00E+00 location of ref. surf. i»
n the dome: ZREFSP(1 )
2 N N N 0 0.00E+00 0.00E+OO 6.2500E-0L}% 0.00E+00 location of ref. surf. i»
n the dome: ZREFSP{2 )
3 Y N N 0 0.00E+00 6.25E-01}6.2501E-01 1 1.50E+00 location of ref. surf. i»
n the dome: ZREFSP(3 )
4 Y N N 0 0.00E+00 6.25E-0116.3533E-01 ; 1.50E+00 location of ref. suxrf. i»
n the dome: ZREFSP(4 )
5 Y N N 0 0.00E+00 6.25E-0116.6382E-01 { 1.50E+00 location of ref. surf. i»
n the dome: ZREFSP(5 ) X
6 Y N N 0 0.00E+00 6.25E-01{7.9746E-01 ; 1.50E+00 location of ref. surf. i»
n the dome: ZREFSP(6 ) ;
7 Y N N 0 0.00E+00 6.25E- 0158 5627E-01 ; 1.50E+00 location of ref. surf. i»
n the dome: ZREFSP(7 ) | :
8 Y N N 0 0.00E+00 6.25E-01/ 8.5121E~01 | 1.50E+00 location of ref. surf. i»
n the dome: ZREFSP{8 )
9 Y N N 0 0.00E+00 6.25E-01 9.2385E~01 | 1.50E+00 location of ref. surf. i»
n the dome: ZREFSP(9 )
10 Y N N 0 0.00E+00 6.25E-01 9.5028E~-01 | 1.50E+00 location of ref. surf. i»
n the dome: ZREFSP(10)
11 N N N 0 0.00E+00 O0.00E+00 1.2500E+00 { 0.00E+00 wall thickness in the do»
me: THKSPH(1 }
12 N N N 0 0.00E+00 O0.00E+00 1.2500E+00 ; 0.00E+00 wall thickness in the do»
me: THKSPH(Z2 )
13 Y N N 0 0.00E+00 1.25E+00 1.2611E+00 ! 2.50E+00 wall thickness in the do»
me: THKSPH(3 ) H
14 Y N N 0 0.00E+00 1.25E+00{ 1.2500E+00, 2.50E+00 wall thickness in the do»
me: THKSPH(4 ) \ ]
15 M4 N N 0 0.00E+00 l.25E+OO§1.2936E+OOE 2.50E+00 wall thickness in the do»
me: THKSPH(5 ) |
16 Y N N 0 0.00E+00 1.25E+00 1.6258E+00, 2.50E+00 wall thickness in the do»
me: THKSPH(6 ) /
17 Y N N 0 0.00E+00 1.25E+00 {1.6748E+00| 2.50E+00 wall thickness in the do»
me: THKSPH(7 ) i
18 Y N N 0 0.00E+00 1.25E+0011.5124E+00; 2.50E+00 wall thickness in the do»
me: THKSPH(8 ) !
19 Y N N 0 0.00E+00 1.25E+00/1.6510E+00! 2.50E+00 wall thickness in the do»
me: THKSPH(S ) {
20 Y N N 0 0.00E+00 1.25E+00{1.9692E+00; 2.50E+00 wall thickness in the do»
me: THKSPH(10)
21 Y N N 0 0.00E+00 6.25E-01/ 1.2681E+00{ 1.50E+00 location of the ref. sur»
f. in the cylinder: ZREFCY(1 ) i
22 b4 N N 0 0.00E+00 6.25E-01 7.3318E—01§ 1.50E+00 1location of the ref. sur»
£f. in the cylinder: ZREFCY (2 ) !
23 Y N N 0 0.00E+00 6.25E-01 l.O34lE+OO§ 1.50E+00 1location of the ref. sur»
i
It
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the
24 Y
£f. in the
25 Y
£f. in the
26 Y
f. in the
27 Y
f. in the
28 Y
f. in the
29 N
f. in the
30 N
f. in the
31 Y
ical shell:
32 b4
ical shell:
33 Y
ical shell:
34 Y
ical shell:
35 Y
ical shell:
36 Y
ical shell:
37 Y
ical shell:
38 Y
ical shell:
39 Y
ical shell:
40 N
ical shell:
BEHAVIOR

CONSTRAINT BEHAVIOR

NUMBER

BEHAVICOR FOR LOAD SET NUMBER,

BIGBOSOR4 input file for:

doer .BEHX1

WEIGHT OF THE BIGBOSOR4 MODEL OF THE TANK
TOTMAS

AhkA AR AR A AR KR IAXRRARIA R A AR A A AA R A A A A A A A A XA R R AL A R A XA AR A * %

BUCK

Crit
Crit
1

BEHAVIOR OVER J

BIGROSOR4 input file for:

LING

[SEEEESN N

ical
ical

doer . BEHX2
Shell skin maximum effective stress,

at nodal point

cylinder: ZREFCY(

N N O 0.00E+00
cylinder: ZREFCY (4 )

N N 0 0.00E+00
cylinder: ZREFCY ({5 )

N N 0 0.00E+00
cylinder: ZREFCY (6 )

N N 0 0.00E+00
cylinder: ZREFCY(7 )

N N 0 0.00E+00
cylinder: ZREFCY (8 )

N Y 39 5.00E-01
cylinder: ZREFCY (9 )

N Y 39 5.00E-01
cylinder: ZREFCY(10)

N N 0 0.00E+00

THKCYL (1 )

N N 0 0.00E+0Q0

THKCYL (2 )

N N 0 0.00E+00

THKCYL (3 )

Y N 0 0.00E+00

THRCYL (4 )

Y N 0 0.00E+00

THKCYL (5 )

Y N 0 0.00E+00

THKCYL (6 )

Y N 0 0.00E+00

THKCYL (7 )

Y N 0 0.00E+00

THKCYL (8 )

Y N 0 0.00E+00

THKCYL (S )

N Y 39 1.00E+00

THKCYL (10)
FOR 1 ENVIRONMENT (LOAD SET)

VALUE

1.3923E+03

LOAD FACTORS AND MODES
.0683E+00(
.0412E+00(
.9042E+00¢(
.3301E+00¢(
.9886E+00¢(
.9995E+00 (
buckling load factor,
number of circumferential waves,
tank buckling eigenvalue:

1.330093

66

DEFINITION

ILOADX= 1

(BEHX1)

BUCKL=

shell segment number

Shell skin maximum effective stress,

at nodal point

52

buckling load (INDIC=1)

1.3301E+00
NWVCRT= 3

maximum effective stress

BUCKL

(INDIC=0
SKNMAX= 1.

SKNMAX=

xkExkx MAXTMUM EFFECTIVE STRESS IN ISOTROPIC WALL ****x*
STRMAX=

AR A AR KAAARA R A AT A I AT XA X kA kI A A bk kb b hr A bk k kb hdddhdk

2

BIGBOSOR4 input file for:

1.2528E+05

125277.0

effective stress in shell segment:

maximum effective stress

/(7

(INDIC=0)

1.2468E+05

STRES

OcJ

claﬂa;g&é

VIM

50 64

Gij f%WWW

&~ °f 76/}{0444 C[Me’jm
.25E-01 |6.2500E-01 (1. 50E+OO location of “the ref. sur»
.25E—Ol{9.5432E—01 1.50E+00 1location of the ref. sur»
L25E-01/1.2219E+00 [ 1.50E+00 location of the ref. sur»
.25E-01/1.3482E+00 {1.50E+00 location of the ref. sur»
.25E-01} 1.0119E+00 |1.50E+00 location of the ref. sur»
.OOE+OO§l.O6GlE+OO 0.00E+00 location of the ref. sur»
OOE+OOzl 0661E+00 10.00E+00 location of the ref. sur»
25E+00 2‘3681E+06”\3.00E+00 thickness of the cylindr»
258+ 240 3.00E+00 thickness of the cylindr»
25E+0012. iéé4E+OO 2 .50E+00 thickness of the cylindr»
25E+00¢1L . ¢4 g .50E+00 thickness of the cylindr»
25E+0‘ L2717E+00 ,i.50E+OO thickness of the cylindr>»
.25E+00 250008700 \2.50E+00 thickness of the cylindr»
.25E+00§2.4991E+00 ;..50E+OO thickness of the cylindr»
.25E+00 1.9986E+oo] .50E+00 thickness of the cylindr»
25E+00 2.13225+oo} 5.50E+00 thickness of the cylindr»
00E+00 2.1322E+00]] 0.00E+00 thickness of the cylindr»
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doer . BEHX2

3

124684.9

effective stress in shell segment:

*x**x* RESULTS FOR LOAD SET NO.
PARAMETERS WHICH DESCRIBE BEHAVIOR

BEH.
NO.
1
2
3

CURRENT

VALUE
1.330E+00
1.253E+05
1.247E+05

DEFINITION

tank buckling eigenvalue:
effective stress in shell segment:
effective stress in shell segment:

1

* K ok kK Kk

(e.g. stress,

BUCKL (1 )

* ok ok Kk kKk NOTE * ok ok ok kK k NOTE * ok ok ok Kk kK NOTE * %k ok Kk koA NOTE * Kk ok k ok Kk

The phrase,

"NOT APPLY",

particular margin value is exactly zero.
*%% END NOTE *** END NOTE *** END NOTE *** END NOTE ****¥

*x*%* RESULTS FOR LOAD SET NO.

MARGINS CORRESPONDING TO CURRENT DESIGN

MARGIN CURRENT

NO. VALUE DEFINITION

1 2.315E-02 (BUCKL (1 ) /BUCKLA(1 )) / BUCKLF(l })-1; F.S.= 1.30
2 -4 .212E-02 (STRESSA(1 ,1 )/STRESS(1 ,1 )) / STRESSF(1 ,1 )-1; F.
3 ~3.757E~-02 (STRESSA({1 ,2 )/STRESS(1 ,2 )) / STRESSF(l ,2 )-1; F.
**‘k‘k‘k****'k**'k***‘k******-k***************************

* dok ok ok ok ok ok ok ok ok ok ok Ak ok kk ok ok DESIGN OBJECTIVE H ok k ok ok k ok ok k ok ok ok ok ok ok ok Kk kk

* kok ok ok ok ok Ak k ok ok ok k *ok ok hkk ok ok okkokKk

CURRENT VALUE OF THE OBJECTIVE FUNCTION:

VAR. CURRENT
NO. VALUE DEFINITION

1 1.392E+03 weight of the BIGBOSOR4 model: WEIGHT

* ok ok ok ok kK kR ok ok ok ok * ook koK ok ok ok ok ok kK

Fhkhkhkhk* Ak kb hkkrkhkhdkhixikdk DESIGN OBJECTIVE Kk Ak ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok
************‘k**'k*k*3\‘7’('k********************************

kok ok ok ok ok ok kX kK ALL ] LOAD CASES PROCESSED *ok ok ok ok ok ok ok ok kK
**'k******‘k**‘k***‘kk****‘k**********‘k***************k**‘k*

PARAMETERS WHICH ARE ALWAYS FIXED. NONE CAN BE DECISION VARIAB.
VAR. CURRENT
NO. VALUE DEFINITION

1 2.000E+01 radius of the tank: RADIUS

2 4.000E+01 total length of the cylinder: LENGTH

3 1.600E+07 elastic modulus of the shell wall: EMOD

4 2.500E-01 ©Poisson ratio of the shell wall: NU

5 1.600E-01 weight density of the shell wall: DENSTY

6 0.000E+00 axial location of callout in the dome: ZSPH(1l )

7 1.000E+01 axial location of callout in the dome: ZSPH(2 )

8 1.200E+01 axial location of callout in the dome: ZSPH(3 )

9 1.400E+01 axial location of callout in the dome: ZSPH({4 )

10 1.500E+01 axial location of callout in the dome: ZSPH(5 )

11 1.600E+01 axial location of callout in the dome: ZSPH(6 )

12 1.700E+01 axial location of callout in the dome: ZSPH(7 )

13 1.800E+01 axial location of callout in the dome: ZSPH(8 )

14 1.900E+01 axial location of callout in the dome: ZSPH(9 )

15 2.000E+01 axial location of callout in the dome: ZSPH(10)

16 2.000E+01 axial location of callout in the cylinder: ZCYL(1 )
17 2. 100E+01 axial location of callout in the cylinder: ZCYL(2 )
18 2 200E+01 axial location of callout in the cylinder: ZCYL(3 )
19 2.300E+01 axial location of callout in the cylinder: ZCYL(4 )
20 2.400E+01 axial location of callout in the cylinder: ZCYL(5 )
21 2 .500E+01 axial location of callout in the cylinder: ZCYL(6 )
22 2.600E+01 axial location of callout in the cylindexr: ZCYL(7 )
23 2.800E+01 axial location of callout in the cylinder: ZCYL(8 )
24 3.000E+01 axial location of callout in the cylinder: ZCYL(9 )}
25 4.000E+01 axial location of callout in the cylinder: ZCYL(10)
PARAMETERS WHICH ARE ENVIRONMENTAL FACTCRS (e.g. loads, temps.)
VAR. CURRENT
NO. VALUE DEFINITION

1 1.500E+04 uniform external pressure: PRESS{1 )

PARAMETERS WHICH ARE CLASSIFIED AS ALLOWABLES (e.g. max.

1

* ok ok ok Kk

/1§

for MARGIN VALUE means that that

STRESS(1 ,1
STRESS(1 ,2

STRESS (1

buckling load)

)
)

(F.S.= FACTOR OF SAFETY)

stress)

2

)
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VAR. CURRENT

NO. VALUE DEFINITION
1 1.000E+00 allowable buckling load (Use 1.0}: BUCKLA({(1 )
2 1.200E+05 maximum allowable effective stress: STRESSA(L ,1 )
3 1.200E+05 maximum allowable effective stress: STRESSA(L ,2 )

PARAMETERS WHICH ARE FACTORS OF SAFETY

VAR. CURRENT

NO. VALUE DEFINITION
1 1.300E+00 factor of safety for buckling: BUCKLF (1l )
2 1.000E+00 factor of safety for stress: STRESSF(1 ,1 )
3 1.000E+00 factor of safety for stress: STRESSF(1 ,2 )

0 INEQUALITY CONSTRAINTS WHICH MUST BE SATISFIED

DESCRIPTION OF FILES USED AND GENERATED IN THIS RUN:

doer.NAM = This file contains only the name of the case.
doer .OPM = Output data. Please list this file and inspect
carefully before proceeding.
output file containing evolution of design and
margins since the beginning of optimization cycles.
doer .CBL = Labelled common blocks for analysis.
(This is an unformatted sequential file.)
doer.OPT = This file contains the input data for MAINSETUP
as well as OPTIMIZE. The batch command OPTIMIZE
can be given over and over again without having
to return to MAINSETUP because doer.OPT exists.
URPROMPT.DAT= Prompt file for interactive input.

doer .OPP

i

For further information about files used and generated
during operation of GENOPT, give the command HELPG FILES.

Menu of commands: CHOOSEPLOT, OPTIMIZE, MAINSETUP, CHANGE,
DECIDE, SUPEROPT

IN ORDER TO AVOID FALSE CONVERGENCE OF THE DESIGN, BE SURE TO
RUN "OPTIMIZE" MANY TIMES DURING AN OPTIMIZATION AND/OR USE
THE "GLOBAL" OPTIMIZING SCRIPT, “SUPEROCPT".

k% xkxkrEXkkKkAk*k*KAxE** END OF doer.OPM FILE ek Kk ko ok Kk kK k Kk ok kR kK
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