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ABSTRACT

This volume contains the instructions to the user for constructing
data decks for the BOSORS5 computer program. BOSORS5 runs on the
UNIVAC 1108 and the CDC6600. It is divided into three separate programs,
& pre-processor, a main-processor, and a post-processor. These programs
may be run as one job in a runstream or separately. The program includes
a restart capability. BOSORS5 can handle segmented and branched shells
with discrete ring stiffeners, meridional discontinuities, and multi-
material construction. The shell wall can be made up of as many as six
layers, each of which is of a different nonlinear material. In the pre-
buckling analysis axisymmetric behavior is presumed. Bifurcation
buckling loads are computed corresponding to axisymmetric or non-
axisymmetric buckling modes. The strategy for solving the nonlinear
prebuckling problem is such that the user obtains reasonably accurate
answers even if he uses very large load or time steps. BOSORS5 has
been checked by means of numerous runs in which the results have been

compared to other analyses and to tests.
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1.1 GENERAL STRUCTURE OF THE BOSORS5 INPUT DATA DECK

BOSORS5 is divided into three parts, a preprocesscr, a main
processor, and a postprocessor. Most of the input data is read by the
preprocessor. The figure below shows the structure of a typical data
deck. The three parts of BOSORS5 can be run separately. It is possible

to restart a case,

See pages
=7 following M15

. See pages M1 to M15

- See pages Pl {o P75

BOSOR5 INPUT DATA
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1.2 MODELING DISCRETE RINGS WHEN LOCAL BUCKLING

BETWEEN RINGS IS POSSIBLE

BOSOR4 users have found that sometimes the buckling loads
predicted for ring-stiffened cylinders are higher than expected. The
predicted buckling modes were always local in such cases. {Maximum
deflection between rings with rings at nodes in the buckling pattern}.
Aside from the question of initial imperfections, there is another reason
that too high buckling loads may be calculated: In the actual structure
the webs of ring stiffeners probably deform considerably in the local
buckling mode. This deformation can be accounted for if the webs of the

rings are treated as shell branches. It is urged that you include in your

parameter studies a branched rmodel, at least for a section of ring-
stiffened shell spanning at least two adjacent rings. Rarely is it necessary
to include the outstanding flanges as shells. They can remain discrete

rings. See the paper "Evaluation of Various Analytical Models' . . . by

T

David Bushnell in the AIAA JOURNAL, Vol. 11, No. 9, Sept. 1973,

pp. 1283-1291 for more details.

Make the webs flexible
"shells" so they can
deform in the buckiing
modae.

WEB fi
-L—FLANGE ;
e— CYLINDER
...‘ f

e

Buckled Cylinder

m | .
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7
1.3 SOME USEFUL HINTS ON HOW TO SET UP A CASE

Decide how many segments the shell should gl
be divided into. Should ring stiffeners be
treated as shell segments or discrete rings? i S @
it is coften advisable to handle ring webs as —_ eg.
flexible shell segments rather than as | = (Web)
discrete ring segments. ©

c

o .

) | Discrete

f @ Rings
Decide how to number the segments. Think o
of the axis of revolution as being vertical @
and the shell meridian that you are working ; n
with as being to the right-hand-side of this 4
axis. Try to '"travel' along the structure in
a generally "mortheasterly’ direction when- r
ever possible,
UNDEFORMED BUCKLED
Lay out the entire structure on graph paper. Ref
eterence
Surface
Use the middle surface as a reference surface -
whenever it is reasonably easy to do so.
Convergence with increasing mesh point
density is fastest that way. .T/
DETAIL A

Decide on mesh point distributions in each
segment. Show the nodal points on the graph
paper. Nodes should be located at discrete
ring stations and at branch stations. Nodes
should be equally spaced for at least one
interval on either side of these rings and
branch stations.

Plan to use at least 5 nodes per half-wave-
length of the probable buckling modes.
Concentrate nodes near stress concentrations.

.

g

per—
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CREQUEST(TAPEZ, «PF)
REGUEST (TARES, sPF)

COC DECK FOR INITIAL KUN UF HUSURD PRE, MAIN, ANU POST=PROCESSORS

ATTACH(BREAD, BREAL) ' o ‘ :
““E”(””AIN'MAIM)}" “‘L“[”ﬁ M %BO_S’GF—S fo/MMV‘)f"STfﬂW

AJTACH{BPOST,RPCST)
COPYRR{INPUT,DATA)

L REAINDLDATA) - - e e
CUPYSBF (DATA)
REWIND(UATA) a{

LUSET(FRESETBLEKRD)

EREADCDATAY L
REWIND(DATA) SU)E

REWIND(TAPEZ, TARES)

”“tﬂﬁ?ék}i&ﬁﬁj?;égfzj“““““""“‘M'““mwmw fié:)gZi-~~ -~ .
REWIND(DATA) \ 1,7‘7

CUPYSub (LaTA)
REAIND(DATA)
LEBSET{PRESET=ZERO)

_BMAIN(DATA) - B , e

TREWIND(DAT AT

REWIND{TAPEZ, TARPEY)

COPYRBR{INPUT,DATA)

REWINDC(UATA)

LUOPYSHBF (LATA)

_ REWIND DATA) . .
TLDSET(PRESET2ZLRU)

BPUST(DATA) {.7unﬂdﬁhﬁ f:EL
LATALUG(TAPEB:HSMALL) .
CATALUG(TAPE S, BLARGE ) @ Adsadota. Guectan Lo, .
»*

DATA FOR BUSUND PREPROCESSUR GUES KERE

DATA FOR HOSORH MAIN PROCESSUR LUERS HERE,

DATA FUR HUOS0RS POST PRUCESSUR GOES HERE

A e i
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CUC DECK FOR KESTAKT RUN OF BOSORHS MAIN PRULESSOK

CATTACH(FILEZ,B3MALL)
KEQUEST(TAPEZ, *FF)
COPYBF(FILEZ, TAPLD)
ATTACH(FILE3,BLARGE)
REQUEST(TAFPES, »kF)
COPY(FILES,TAPES)
REWIND(TAPER, TAPES)
ATTACH{BMAIN, UMAIN)
COPYBR(INFUT,DATA)
REWIND(DATA)
CUPYSHBF (DATA)
REWIND{DATA)
_LbSET(PRESETZZEROY)
BMAIN(DATA)
PURGE(FILER)
PURGE (FILES)
CATALOG(TAPEZ,HS5MALL)
CATALDGUTAPES )l AKGE)

.4

Y

ng%Oﬁ

DATA FUR MAIN PROCESSUR GUES HERE

o~
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UNIVAC 1110 CONTROL CARDS
INITIAL RUN

THE FOLLOWING IS A RUNSTREAM IN WHICH YOU ARE STARTING FROM SCRATCH,.

IN THIS EXAMPLE I SHOW ALL THREE BOSORS PROCESSORS BEING EXECUTED

IN THE RUNSTREAM, USUALLY YOU wILL RUN ONLY THE PREPROCESSOR AND

THE MAINPROCESSOR IN A SINGLE RUNSTREAM, YOU WILL THEN USE THE
POSTPROCESSOR AFTER YOU HAVE OBTAINED THE RESULTS OF THE FIRST

RUN« DATA FROM THIS RUN ARE STORED ON BSMALL (A SEQUENTIAL FILE

ONLY 550 WORDS IN LENGTH) AND ON BLARGE (A LARGE RANDOM=ACCESS FILE).

[DELETE.C DB#BSMALL.
[ASG+UP DB®BSMALL .sF2
[USE 15,DB#BSMALL
[DELETE.C DB#B ARGE.
{ASGsUP DB#BLARGE,sF2
[USE 27.0B#*BLARGE
{ASGsA DB#*BOSORREAD,
{XQT DBE#*BOSORREAD,

INSERT THE DATA CARDS FOR THE PREPROCESSOR HERE.

[ASGsA DB*BOSORMAIN,
{XQT DB#+BOSORMAIN,

INSERT THE DATA CARDS FOR THE MAINPROCESSOR HERE,

(PIC
[{ASG+A DB#BOSORPOST.
[XQT DB#BOSORPOST,

INSERT THE DATA CARDS FOR THE POSTPROCESSOR HERE,

{FIN

N A AR B 3 A B, s o

N o o R R 2



Page 1.7

UNIVAC 1110 CONTROL CARDS
RESTART RUN

THE FOLLOWING IS A RUNSTREAM IN WHICH YOU ARE RESTARTING A CASE
AFTER HAVING OBTAINED SOME DATA FROM A PREVIOUS RUN, DATA FROM A
PREVIOUS RUN OR RUNS HAVE BEEN STORED ON THE PERMANENT FILES BSMALL
AND BLARGE, THESE DATA WILL BE USED BY THIS RUN,

[ASGsA DB*BSMALL,
{USE 15,DB=8SMALL
[ASGsA DB#BLARGE
(USE 27.0B*BLARGE
[ASGyA DE®*BOSORMAIN.
[XQT DB#BOSORMAIN,

INSERT THE DATA CARDS FOR THE MAINPROCESSOR HERE.
{PIC
{ASG,A DB®*BOSORPOST.
(XQT DB#BOSORPOST,

INSERT THE DATA CARDS FOR THE POSTPROCESSOR HERE.

(FIN

T RN N 8 e e

A N R S e
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USER INSTRUCTIONS
FOR THE
BOSORS5 PREPROCESSOR

SUBSECTION

2.1 Title, Number of Segments, Mesh Point Distribution

2,2 Geometry of Shell Segment Meridian

2.3 Shape of Imperfection of Shell Segment Meridian

2.4 Location of Shell Segment Reference Surface Relative

to Shell Wall Material

2.5 Data Pertinent to Discrete Rings

2.6 Temi;erature Distribution and Loading
2.6.1 Temperature Distribution P32 - P39
2.6.2 Pressure and Surface Traction P40 - P45
2.6.3 Line Loads and Moments P46 . P49

2.7 Properties of Shell Segment Wall

2.8 Temperature and Loading Time Functions

2.9 Juncture Conditions, Boundary Conditions

and other Constraint Conditions

PAGE

P2 - P5
P6 - P9
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PREPROCESSOR INPUT DECK




(Input data forrrizi.ktsw_aggear in these cclumns)

//// PAGE P2

DATA 1276 **TITLE(I2) %+

TITLE OF CASF, FIRST 41 CHARACTERS APPEAR OGN PLNTS,

DATA 16  *XANSEGR

MSEGT TOTAL NUMBER OF SHELL SEGMENTS, ALL NF THE
FOLLOWING DATA THRONGH STATEMENT LAREL t0on
ARE READ IN FOR EACH AND EVERY SHELL SEGMENT,
UB_T0O 24 SHELL SEGMENTS. CAN -BE HANDLEO, o

NOW BEGTN THE LOOP OVER AL SHELL SEGMENTS., ..

5 CONTINUE
FARERA DO 1000 ISEG = | YO NSEG Aktkasdnnn (LOOP OVER ALl SEGMENTS)
DATA i:ghe *% NMESH» IFACTs INTVAL(TSEG) #%
/// MMESHZ NUMBER OF MESH POINTS IN SEGMENT [SEG.
) RANGE OF NMESH IS 3 To 98 i
£3 e A DURING EXECUTION TWO ADDITIONAL MESH POINTS e
: ARE ADDED, ONE ADJACENT TO EACH SEGMFNT END.

THIS IS TO MINIMIZE TRUNCATION ERRORS WHICH

ARF BIGGER AT SEGMENT BOUNDARIES THAN ELSEWHERE,

IN THE INPUT DATA, YOU ASSIIME THESE EXTRA Twn

MESH POINTS DO NOT EXIST. BOSORS WILL MAKE :
e APPROPRIATE ADJUSTMENTS AUTOMATICALL Y, i

SEE THE FIGURE OPPNSITE

IFACT =CONTROL INTEGER FAR e B e %

LOCATION OF 'EXTRA' 'W! MESH POINTS WHICH

ARE INSERTED ADJACENT TO SEGMENT ENDS, FOR

EXAMPLEs IFACTZ WOIH D MEAN THAY  THE EXTRA

POINTS ARE INSERTED ONE THIRD OF THE NISTANCE

RETWEEN THE EDGE POTNT AND THE POINT NEXT TO

THE EDGE POINT, IE TFACT IS _LESS THAN 2, THE EXTRA

POINT WILL BE LOCATED 1/20TH OF THE DISTANCE

BETWEEN THF EDGE PNINT AND THE POINT ADJACENT

— ... TO_THE EDGE_POI NT, USER SHOUILD ORDINARILY ISE S
IFACT=Z0, RANGE OF TFACT IS Qw2n. SEE THE FIGURE,

INTVAL(ISEG)= PREBUCKLING STRESSES AND STRAINS WILL BRE PRINTED
OUT FOR EVERY TNTVAL(ISEG)TH LOAD STEP,
SINCE THESE PRERUCKLING QUANTITIFES ARE CAL =
e AL ATED. BY THE BOSOHRS PﬂﬂTPRﬁ(FQSQB EOR ANY I
USER«SELECTFD CNLLECTION OF LOAD STEPS, A
VALUFE OF INTVAL(ISEG) BETWEEN 3 AND 20 IS
PRORABLY MOST SUITABLE. HERE,
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NMESH . . ,

Number of mesh points in a shell segment. NMESH is one of the most important
variables in the analysis, since it governs, to a large extent, the 2ccuracy of the
solution., A feeling for proper value for NMESH comes with experience. Few
points are needed for cases in which the solution is expected to vary slowly along
the shell meridjan. Points should be concentrated in areas where the solution is
expected to vary rapidly. Note that buckling modal displacements may not neces -
sarily vary rapidly in the same areas as prebuckling quantities, If the accuracy
of some numerical results is in doubt one may run the case again with more or
with fewer mesh points. A jagged solution for the buckling mode indicates the
need for more mesh points. If one is planning to perform a parameter study based
on shells of similar geometries one should choose a sample case and run with
different numbers and distributions of mesh points.

In this exgmple:
NMESH=¢

» _/‘ieqmem @
/éegmeai (&)

Segmem (T)

® User- Specified "w" Nodal Points

IFACT = b/g = g/c .
_ © Additional Nodal Points Au!omaticauy

_ Added by B@S@RS 1o Reduce Trun-
cation Error at Boundaries of Shell
Segments.

WHERE ALL THE MESH POINTS ARE:

L = elemental integration length

E = point where geometry, stresses,
strains, displacements are
evaluated, and discrete rings
are attached,

AN
$;, Arclength
Measured to Mid-

I' ‘ength of Length L way between the w nodal points.

uand v nodal points are located half-

P s s
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NEXTe READ INPUT FOR MFSH POINT DISTRIBUTION IN THIS
SEGMENT,, . {MESH POINT DISTRIBUTION)

DATA 14 AANTYPEH®Y e - - — —

NTYPEH=Z CONTROL INTEGER FAOR VARIABLE OR CONSTANT
MESH POINT SPACING,, A

TF NTYPEH = | SPACING OF MESH POINTS WILL BE
-M«hSEEClEJEQWAI"CERIALHWMEEH_EQlﬂISJM_“w%mm*“__:
THE SPACING EVERYWHERE WIL! THEN f
RE DETERMINED BY LINEAR INTER=
POLATION, SEE FIG, *** 60 TQ | #%%*

IF NTYPEH = 2 SPACES BETWEEN ALL MESH PNINTS
e e MILL BE READ INe . %%k GO TO 20 *%x
WMM
IF NTYPEM :iizspacrws 1S CONSTANT, ***iso TQ%EEE***
bt

1o CONTINUE {MESH POINT DISTRIRUTION)

SEE THE FIGURF FOR THIS OPTION,

“mmn”wm%w“w‘_mmwVw?&%YPEH:Esﬁw“

DATA 16  *ANHVAL{I%*
MHVALU=Z NUMBER OF STATIONS IN THIS SEGMENTY FOR (NTYPEH=1)
WHTCH MESH POINT SPACING IS CALLED OUT, (NTYPEH=T)
RANGE 1S 2 TO 50 (NTYPEH=1)

DATA (016  **(IHVALU(J)s J=te NHVALU)*® (NTYPEHZ 1)

THVALU(JY= MESH POINT NUMRER CORRESPONDING TO JTH (NTYPEH=

)

CALLOUT, THIS 16 THE tWI POINT JUST {NTYPEHZ})
BEFORE THE CORRESPONDING SPACING, (NTYPEH=1)

- - FIRST MESH POINT AND SECOND=TO={AST ___ {NTYPEHZI)
MESH POINT MUST BE INCLUDED, ALL CALI = (NTYPEH=I)

OUITS MUST AE SPECIFIED IN ASCENDING ORDER,

DATA BE12.8 *%( HVALU(J)s J= 1 oNHVALL) #% (NTYPEH=Z{)
HVALU(JIZ ARC LENGTH _FROM_MESH POINT NO, ITHVALULJ) (NTYPEH=1)
TO MESH POINT NO. THVALU(J) + | (NTYPEH=1)
THE FIGURE ILIUSTRATES THE PROPER INPUT PATA . (NTYPEHZ )
*RXGO TO IOKKR

20 CONTINUE o - .
DATA  KE12,8 **( HVALU(J)s J=|y NMESH=|) %% (NTYPEH=2)
HVALU(J)= ARC LENGTH FROM MESH POINT J TO MESH (NTYPEHZ2)

POINT J#i {NTYPEHEZ=Z2)
- NMESH. = NUMBER OF MESH POINTS IN CURRENT SEGMENT, ) .

XXXGO TN JOkA%
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i8
1Y A8 B
~ol?
o 1 £ 4 j] 1 1 ] i i
12 4 6 8 10 12 14 16 I8
MESH POINT NUMBER “ol3
“w" Mesh Point N
\\08
Shell Ref. Surface- in this example:
NHVALU =6
(IHVALU(]1), [ =1,6) = t ,4,5,8,13,17
(HvaLu(l), I=1,86) = 2.,2.,8,8,l,I
Absolute values of h not required.
% : . 04 Only relative values needed.

NOTE:
, Equat Spacm-g>/h

Discrete Ring

. % or
Points ‘ Shelt Branch
NOTE: "w" Nodes should be equally spaced for at least one interval

(h in excmple immediately above) on either side of any discrete
nng attachmeni point or shell branch point.




30 CONTINUE

PAGE P&
(GEDMETRY)

NEXTe+ READ GEOMETRY PARAMETERS FOR THIS SEGMENT,.,.
(SHELL GEQMETRY)

T6&  XANSHAPE®X

NSHAPEz CONTROL INTEGER FOR SHAPE OF
THIS SHELL SEGMENT,..

DATA
MERIDIAN OF

NSHAPE=! IS FOR FLAT PLATE, CONEs OR CYLINDER

MAK_ GO TO 4D %

NSHAPE=Z2 1S FOR nGIval, SPHERICAL,y OR TOR=
~DIDAL SEGMENT. *%% GQ TO 50 x*x

NSHAPE=Y 1S FOR GENERAL MERIDIONAL SHAPE
hk GO TO &0 *Ek

40 CONTINUE

SEGMENT,,,,,

‘ (SHELL GEOMETRY)
NEXT+« READ DATA FOR _CYLINDRICAL s CONICAL. 0B FLAT PLATE

(NSHAPE=} )

DATA -HE12.8 **Riy 70, RPy 72%x

RIS RADTUS FROM AXIS OF REVOLUTION TO BEGINNING OF
REFERENCE SURFACLE. SEF FIGURE S

1= AXTAL DISTANCE FROM SOME DATIIM TG BEGINNING O
REFERENCE SURFACE,

~R2z RADIUS FROM AXIS OF REVOILUTION TO END OF REFER

(NSHAPE=})

. {NSHAPE=t)  °

{NSHAPE=Z1)
{NSHAPE=})
(NSHAPE=}1)

ENCE SURFACE,
122 AXTAL DISTANCE FROM DATUM TO END OF REF, SURF,

*RNGO TO TO*WR

(NSHAPE=})
(NSHAPE=1})

(SHELL GEOMETRY)

-%0. . CONTINUE ,
NEXTy READ DATA FOR 0GIVAL, SPHERICAL. OR TOROINAL

SEGMENT, ,.,. '

DATA KEI12.8 **R1y 71, R2y 224 RC, 2Caw
DATA E12.8 **SROT**

. (NSHAPEz2)

{(NSHAPE=2)

D 0 R M W s

T Ri= RADIUS FRoM AXIS OF REVOLUTION TO REGINNING OF
REFERENCE SURFACE, SEE FGURE
Zis AXIAL DISTANCE FROM SOME DATUM TO BEGINNING OF

REFERENCE SURFACE,
R2= RADIHS FROM AXIS OF REVOLUTION TO END OF REFER

{NSHAPE=2)
{NSHAPE=2)

(NSHAPE=2)

(NSHAPE=2)
(NSHAPEZ2}
{NSHAPE=2)

e ENCE_SURFACE,
Z2= AXTAL DISTANCE FROM DATUM TO END OF REF. SURF,

RC= RADIUS FROM AXIS OF REVOLUTION TO CENTER OF
MERIDIQNAL,CURVA[UQEL” et
IC= AXTIAL DISTANCE FROM DATHUM TO CENTER OF
MERIDIONAL CURVATURE,
.~ ..SROT= +1,0 IF DIRFCTION FROM {R1.21} YO (R2,72)

{NSHAPE=2)
(NSHAPE=2)

. (NSHAPE=Z2)

(NSHAPE=2)
(NSHAPE=2)
{NSHAPE=2)

REPRESENTS CLOCKWISE MOTION ABOUT (RCyICINSHAPE=2)

“1.,0=COUNTERCLOCKWISE MOTION ABOUT (RCZICH

AXRGO TO TORRR

(NSHAPE=2)
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You are here

: . _%Segmen! €)
/éegmenf @

Segment (1)

e B(R2 22)

A
(Rf, 21}

NSHAPE = §
(a)

z RC, ZC
R2,Z2

RY, 21 SR¢T = =]

NSHAPE = 2

S

T




60

DATA

62

DATA
DATA

&Y

DATA

PAGE PR
CONTINUE (SHELL GEOMETRY)

NEXT, READ PARAMETERS FOR GENERAL MERIDIONAL SHAPE.,
WITH SPECIAL SUR=-BRANCHES FOR HYPERROLOIDAL OR

- ELLIPSOIDAL SEGMENTS PP e e e

14 RENST xR {NSHAPE=Y)
MST= CONTROL INTEGER FOR TYPE OF GENERAL SHELL, . (NSHAPEZY)
NST=1.,GENERAL SHELL SHAPE FOR WHICH CARw (NSHAPE=W)

TESTAN COORDINATES OF REFERENCE SUR=  (NSHAPE=zY)

NST=U, .ELLIPSOIDAL SEGMENT OR TOROIDAL SEGMFNT

WITH ELLIPTICAL CROSS-SECTION, {NSHAPE=N)
®ek GO TO KU Akw

e FACE WILL BE _GIVEN. X%k GO TO A2 k% {NSHAPE%Y _

,_..NSI;ﬁi‘HXEERBQLOLQALmﬁﬂﬁLL¢mSEEMSQ&RQHILNEMMM__mmm~WHw”wﬁm“

SHELL FOR THIS OPTION, THEN #***G0 T0 TO***

IMPORTANT NOTE,, USER CAN PROVIDE QTHER OPTIONS RY APPROPRIATE
CHANGES TO SURBROUTINE SHELL, USE THE
CODTING ASSOCTATED WITH THE HYPERSOLOIDAL

SHELL AS A GUIDE. e e

(SHFLL GEQOMETRY)

CONTINUE
GENERAL MERIDIONAL SHAPE SPECIFIED RY (2,4R) COORDINATES...
16 *ANRZIN®* (NST=1 ¢NSHAPE=ZN) :
BE12.8 *x(7(] Lo RUI)s I=1eNRZIN)*% ANST=tsNSHAPES=Y)
NRZIN= NUMBER OF (ReZ) PAIRS TO BE READ IN (NST=Z1 ¢NSHAPE=Y)
I(l}= AXIAL COORDINATES OF REFERENCE SURF. {MST={ +NSHAPE=Y)
CIIRVE, SEFE FIGURE (NST= 1 ¢y NSHAPEZY)

R(I)= RADIAL COGRDINATES OF REFERENCE SURF, (NST2i yNSHAPE=W)

CHRVELW,WWWNMW__WHM_.%Mm_mw“_mm*wmmMmmi§SI§L¢HSH££Ei&i_ﬁ.%

NOTE.., YOU CAN INTRODUCE AN ARBITRARY INITIAL AXISYMMETRIC
IMPERFECTION BY USING THIS OPTION,

*ENGO TD TNhex

(SHELL GEOMETRY)

CONTINUF
ELLIPSOIDAL CSEGMENT sy e s
BEI2.8 **TMAX, XMAX, ZA, IBy INUMR, ALPHAT*% (NSTZHNSHAPE=Y)
IMAX= AXIAL DIMENSION OF ELLIPSE, SEE FI6, (NSTSYINSHAPE=Y)
XMAXZ RADIAL DIMENSION OF FLLIPSE, (NSTZU s NSHAPE=Y)
7A= AXTAL COORDINATE OF REGINNING OF SEG, (NST2UNSHAPE=ZY)
IRz AXIAL CUORDINATE OF END OF SEGMENT., (NST=y s NSHAPESY)
INUMBENHMRER OF POINTS FOR CIHRVE FIT, PLEASE (NST=H ,NSHAPERU)
USE FEWER THAN 50«78, (NST=UINSHAPESY)
ALPHAT=DISTANCE FROM AXIS OF REVGLUligﬁwlgum%LMSI;&LMSHAEaa&LWW
POINT OF INTERSFCTION OF MAJOR AND (NST:M.NSHAPE:Q) :
MINOR AXES, (NST2UY,NSHAPE=Y)

*ERGH TO TOR**




GENERAL SHAPE

NSHAPE=4, NST=1

=
=
- A

ELLIPSOIDAL SEGMENT

ZAJ NSHAPE =4, NST=4

Page P9

| | \
A
7B f ~Equator _ ‘
ZA ’ /}
l ZMAX' e
' - - -

CORRECT INPUT DATA FOR
ELLIPTICAL SEGMENT FALLING
ABOVE THE EQUATOR
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7N CONTINUE { IMPERFECTION)
NEXTe READ DATA FOR GEOMETRICAL IMPERFECTIONS IN THIS :
SEGHFNTOC‘.“

DATA 16  sxIMPx+*

TMPZ CONTROL INTEGER IDENTIFYING WHETHER THIS SEGMENT
IS PERFECT OR IMPERFECT,

Fo T e et
IF IMP=0 *%%G0 YO gnwwe !

[F TMP=| SEGMENT IS IMPERFECT,

CLF IMP2) A%X%GO TO _BOoAww S

~IE_IMP20 SEGMENT IS PERFECT, BT

80  CONTINUF (IMPERFECTION)
DATA 16  **[TYPEX% m ez
JTIYPE = CONTRDI INTEGER EOR TYPE QF IMPERFECTION,. {IMP=1})

ITYPEZ| MEANS TMPERFECTIONS ARE SINUSOIDAL (1MP=) )

WITH RAMQQM,AHBLIIHDES“ANR_HAVELENQIHS{IMEEJ1
{MANY SUPFAPOSED WAVES)

e IE _ITYPEZ1 X*%XGO TN G2 W%w {IMP=})

ITYPE=2 MEANS SINUSOTDAL IMPERFECTIONS {IMP=})

(SINGLE KNOWN WAVELENGTH AND AMPLITUDE) .

IF ITYPE=2 *%%GO T Ruyxx+ {IMP=1)

T T ITVPEST MEANS THAT AN ARRITRARY IMPERFECTION (IMPE
WILL BE SPECIFIED BY MEANS OF VECTOR ([Mp=
QFVNQRHéLwﬂiﬁpLéfEﬂEQISWFROﬂWFE“EECT L tIMP=

e

SHAPE, { IMP

, o e T ITYPEZ3 X%%GO TN Apktw - (IMP=)

82 CONT INUE { IMPERFECTION)
TMPERFECTION IS A RANDOM SERTES OF TRIGONOMETRYcC TERMS, ,,

DATA UE12,8 *%FMy Cy FLMINe FLMAX*% -  (1MP=I, ITYPE=))

. EM=z NUMRER OF WAVELENGTMS TO BE INCLUDED IN _LIMPZI,ITYPE=])

REPRESENTATION OF IMPFRFECTION. (IMP=1,ITYPE=})

€= MAXIMUM AMPLITUDE OF IMPERFECTION, (IMP=1,1TYPE=1)

FLMINZ MINIMUM HALE=-WAVELENGTH T BE INCLUDED (IMP2l.ITYPE=l)

IN REPRESENTATION NF [MPERFECTION, (IMP=t,ITYPE=Y)

FLMAXZ MAXTMUM HALF<WAVELENGTH TG RE JNCLIDED [IMP=1,ITYPE=])

s IN_REPRESENTATION OF IMPERFECTION. (IMPz 1+ ITYPEz)

**k%XGO TO 9Ox%w

TSR



L]

- DATA

86

DATA

RE12.8 %XW0, WINGTHR®

CONTINUIE

PAGE PII
CONTINUE : : (IMPERFECTION)
IMPERFECTION IS A SINGLE STNUSOIDAL WAVE,.e..

WOz AMPLITUDE OF SINUSOIDAL TMPERFECTION. (TMPZ1,ITYPEZ2)
WLNGTH= HALF=WAVELENGTH OF SINUSOIDAL IMPERF, {IMPZ1L+1TYPE=2)

AXRGH TO QO*Nx

( IMPERFECTION)
IMPERFECTION IS OF ARBITRARY SHAPE.... (IMPZ1, ITYPERY)

AEI2.R A% (WTOT(I)s IZ1 NMESH#2) %% (IMP= |, [TYPE=3)

WTOTE. ) 2 NORMAL DISPLACEMENT EROM PERFECT YO IM=

e L IMPI ) o ITYPER2)

PERFECT SHAPE. POASITIVE WTOT RIGHTWARD OF
INCREASING ARC LENGTH, (SAME AS POSITIVE W)
SEE THE FIGURE,

MMESH = NUMBER OF MESH POTNTS IN CURRENT SEGMENT

NOTE,. IN THIS CASE YOI HAVE Y0 PROVIDE VALUES CORRESe
PONDING TO THE TWO 'EXTRA! MESH POINTS ADJACENT
TO THE EDGES OF THE SEGMENT, THAT IS WHY THE
UPPER LIMIT ON THE IMPLTED DO=LOOP IS NMESH4?
INSTEAD OF NMESH, THIS IS THE ONLY EXCEPTION
TO_THE RULE THAY YOU_CAN IGNORE THESE EXTRA TWO
POINTS IN MAKING /P AN INPUT DATA DECK., (IMP=Zi,ITYPE=3}

*ERGO TO QOX*%

J

r Perfect Sheli

/

/
/"\ Imperfect Shell

WO or WT@T (Positive Direction
to Right of Increasing Arclength)
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90 CONTINUE (REFERENCE SURFACE)
NEXT» READ DATA FOR SPECIFICATION OF REFERENCE SIURFACE
LOCATION RELATIVE TO SHELL WALL MATERIAL,...

"DATA 16  *RNTYPEZ**

NTYPEZ= CONTROL INTEGER FOR TYPE OF DATA NEEDED TO
SPECIFY THE LOCATION OF THE SEGMENT REFERENCE
SURFACE RELATIVE TO THE fLEFTMOSTY SURFACE OF

- THE SHFLL WAL} AS WE FACE IN THE DIRECTION OF ——

INCREASING MERIDIONAL ARC LENGTH. S, :
NOTE THAT WE ARE NOT REFERRING TO THE THICKNFESS
HERE. THE THICKNFSS WILL BE SPECIFIED LATER,. .
SEE THE FIGURES GIVEN HERE FOR EXAMPLES OF
REFERENCE SURFACE 1LNCATION SPECIFTCATION,

NTYPEZ=1 MEANS THAT A CERTAIN QUANTITY, NZVALU.
OF CALLOUTS AND CERTAIN CALLOUTS.

(ZVAL (JYesd =HeNZVALL) | FDOR. THE
REFERENCE SIIRFACE LOCATION WILL BE READ 1IN,
THE REFERENCE SURFACE LOCATION EVERYw ;
WHERE MILI THEN RE DETERMINED AUTOMATICAL-
LY BY LINFAR INTERPOLATION BRETWEEN THOSE
STATTIONS WHERE 1T IS CALLED OUT,
SEE THE FIGURE LABELED _(C) FOR
AN EXAMPLE,

CIE NTYPEZZL X*AG0 TO 92%%% i

NTYPEZ=2 MEANS THAT THE REF, SURF, LOCATION
WItt BE SPECIFIED BY A FORMULA, .

TF NTYPEZ7 22 #%2460 TO SUx*k

NTYPEZ=3 MEANS THAT THE REFERENCE SURFACE IS
LOCATED A CONSTANT DISTANCE. ZVALs FROM THE

LEFTMOST SURFACE FOR_THIS SHEIL SEG, . . _
THIS IS THE BRANCH YOU WILL PRNRBABLY BE
USING MOST OF THE TIME, NOTE FROM THE
FIGURE [ABELED 'NTYPEZ=3' THAT EVEN IF
THE THICKNESS VARIES, THE DISTANCE. ZVAL,
FROM THE 'LEFTMOST' SURFACE 70O THE
REFERENCE SURFACE MAY BE CONSTANT,

. % ;
1F “TYPEZ%EE**% 0 TO 9K%wx/
I

(REFERENCE SURFACE)

92 CONTINUE
DATA T AENZVALU®* _ (NTYPEZ=1)
MZVALU=NUMBER OF CALLOUTS FOR REFERENCE SURFACE (NTYPEZ=1)
LOCATION RELATIVE Tn LEFTMOST SURFACE, (NTYPEZ=1)

. THE USER MUST ALWAYS INCLUDE THE FIRST AND LAST
POINTS IN THE SEGMENT AS CALLOUY POINTS,
SEE THFE FIGURE LARFLED (€} FOR AN {(NTYPEZ=1)
ILLUSTRATION OF PROPER [NPUT. ) . INTYPEZL=1)

£ ns




E

? s, Increasing%

"Leftmost'
Surface

Reference
Surface

Page P13

(NP o Leftmost"
N Surface

Reference
Surface

s, Increasing

(a) (b) Arclength
NTYPEZ =1 or 2 NTYPEZ = {
%L (NZVALU=4) s, Increasing J;_ s, Increasing
i Arclength Arclength
ZVAL(4) :
“Leftmost’" _ + . Reference
Surface Surface

Reference !
Surface

Callout Point

Ordinary Meshpoint

ZVAL (constant)
(d)

NTYPEZ =1

NTYPEZ=3
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NEXTs ESTABLISH LOCATIONS ALONG THE MERIDIAN WHERE
THE REFERENCE SURFACE POSTTION RELATIVE TO THE

LEFTMOST SURFACF 1S YO RE CALLED OUT.,s (REFERENCE SURFACE)
FANXRRXRXARAXNOTE, ., MUMEERWﬂFwCALLQUIS.:LHIMALUMMﬁﬁﬁizﬁlf__WM%WiMIXQEIiUJh__WMW
DATA i6 *ENTYPER

NTYPEz CONTROL INTEGER FOR CALLGUT,SPECIFJCATIDM,,,.

NTYPE=t MESH POINTS WILL BE CALLED OUT DIRECTLY,

- 1E NIXYPE zmj‘wifxﬁﬂmlamAliamw““mMAm_“"M_WW“MWWW_W_MW%W_WmHﬁ
NTYPEzZ2 AXTAL DISTANCES: 74 FROM DATUM CALLED our j
IF NTYPE = 2 ®%%G0 T a%wn
NTYPE=3 DISTANCFS, R. FROM AXIS OF REV, .CALLED. 0OUT
IF NTYPE = 3 #a%GO TO Crax
NTYPEZu ARC 1LENGTHS, Sy FROM SEG, START CAaLLED QUT

- LE NTYPE = 4. XR*GO_TH Dewx - - —— e e
NTYPE=G ANGLESy THETA, IM DEGREES FROM AXIS OF REV, !

IF NTYPE = § 4a#%G0 TO Exww '

A CONTINUF (REFERENCE SURFACE)
DATA 1016 **(IPOINTAJ)e JSLeNZVALUY %% (nyypgay)
IPOINTZ MESH PNINT NUMBERS OF CALLOUTS (NTYPE=})
AXGO TO Fakw '
B CONTINUE (REFERENCE SURFACE)
DATA  6EI12,8 *%(  7(4)e J2IsNZVALU) *% T T T (NTYPE=2)
I= AXIAL DISTANCES TO CALLOUTS, MEASURED FROM THE (NTYPE=2) ¥
SAME DATUM AS THAT USED FOR THE SPECIFICATION (NTYPE=2)
OF THE MERINIONAL GFOMETRY, (SHELL GEOMETRY) (NTYPE=2)
|  eawGS e Eie B o .
C CONTINUE (REFERENCE SURFACE)
DATA &KEIP 8 %% ROJ)e JEioNZVALL) #% (NTYPEZ3)
R= RADIAL DISTANCES FROM_AXIS TO CALLQU TS . —— %_LF‘L{.!?H,E_E.JM.,W__W_
*XXGO TO Fanx , ;
D CONT INUF (REFERENCE SURFACE)
DATA AEI2.R %% { S{Jle JTIWINZVALI) #» (NTYPE=Y) §
ST ARC LENGTHS FROM SEG., START TO CALLOUTS CINTYPE=W) T
®RKGO TO Exkx
E CONTINUE (REFERENCE SURFACE)
DATA AEJ2.8 **( THETA(J)e J=1i, NZVAL!Y A% (NTYPE=S)
THETAZ ANGLES IN DEGREES FROM AXIS OF REVOLUTION  (NTYPEZS)
TO CALIL.OUTS, (NORMAL TO REF, SHURF,) {(NTYPE=S) b
F CONTINUE (REFFRENCE SURFACE) !
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Reference Surface
! THETA(4) 179-IPOINT(5) =17
" _
‘ d R(4) POINT(4) =14
"Leftmost" Normal to Shell
Z(4) ' Surface of Reference Surface
Sheli
"Rightmost"
Surface of
Shell
. “IPOINT(4) = 1
In this example:
NZVALU=5
Datum = The Caliout Points are:
Z(4) measured from same datum 1,4,914,17

used to specify geometry of the
current shell segment
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{REFERENCE SURFACE)

DATA &E12,8 *ECIVAL(K), K= Lo NZVALLY) #*% (NTYPEZ=})
o IVAL(KY= DISTANCE FROM LEFTMOST _SHELL NA!fwSHEEAQEWJMIXEEZRLL_NWW_

TO REFERENCE SURFACE AT KTH CALLOUT. (NTYPEZ=1)

MEASURED AS SHOWN IN FIGURE (NTYPEZ=1)

POSITIVE IF REF, SURF, LIES TO THE RIGHT {NTYPEZ=R1)
OF THIS EXTREME SIRFACE OF THE SHELL WALL, (NTYPEZ=1)
PLEFTY AND 'RIGHT! HERE ASSUME THAT WE FACE

o w,m_w“_“H“_IMMIHEMQIRELIIQMMQEWL&Qﬁﬁﬁiiﬂﬁ%MEBlnlaﬂALwARL. S..

NZVALU = NUMBER oF CALLOUTS FOR REFFERENCE SURFACE

LOCATION.
*EX GO TO JOO%n* :
4 . CONTINUE ~————AREEERENCE SURFACE)
DATA SEI2.8 #*Z1+ 72, 73, 74, 75%% INTYPEZz2)
Z) THRU 15 ARE COEFFICIENTS IN THE FUNCTION, .. (NTYPEZ=2)
ZVAL(S) = 71 $72%S*%73 47usSaxys e (NTYPEZE2)
TVAL, SEE ABOVE FOR DEFTNITION,

S T ARC LENGTH ALONG REFERENCE SURFACE., MEASHRED
FROM THE BEGINNING NF THE CURRENT SEGMENT,

JMWM%«_ff* GO TO 1Qp*xx B e
e coNTINUE? : (REFERFNCE SURFACE) &
DATA E12.8 *xFyAL %% (NTYPEZ=3) i
AVAL= DISTANCE FROM SHELL SEGMENT LEFTMOST SURFACE (NTYPEZ=3)

TO THE REFERENCE SURFACE, EQUAL TO HALF OF (NTYPEZ=73)
THE THICKNESS IF THE MIDDLE SURFACE IS USED (NTYPEZ=7)
AS THE REFERENCE SURFACE, POSITIVE IF THE (NTYPEZ=3)

RFFERENCE SURFACE ILTES TO THE RIGHT OF Twe (NTYPEZ=3)
EXTREME LEFT SURFACE OF THE WALL IN THIS SEG. (NTYPEZ=3)
- RIGHT! AND 'LEFT' HFRE ARE_BASED oN THE ASSUMPTION
THAT WE ARF FACING IN THE DIRECTION OF INCREASING
MERIDIONAL ARC LENGTH, S, SEE THE FIGURE,

e e 4 e e R s S e et i o,



Zi

ZVAL(1) > 0O
ZVAL(2) >0
ZVAL{3) <O
ZVAL(4) <O

¢

' Shell

"Leftmost

Surface

ZVAL(1) >0
ZVAL{2) > O

ZVAL(3) >0
z4

Page P17

ZVAL(1) >0
ZVAL(2) >0

T

ZVAL{4) >0

e 11

s, Increasing Arclength

Shell
Surface

Reference Surface

"Rightmost”




100

DATA

DATA

DATA

DATA
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CONTINUE (DISCRETE RINGS)

16  **NRINGS**
NRINGS= NUMBER OF DISCRETE RINGS, INCLUDING 'FICTITIOUS'
RINGSs IN CURRENT SHFLL SEGMENT, FIcCTITIOUS
RINGSs OR IN DTHER WORDS RINGS WHICH HAVE NULL
N .. PHYSICAl PROPERTIES. ARE REQUIRED FOR STATIONS
AT WHICH LLINE LOADS ARE APPLIED RUT FOR WHICH ;
NO ACTUAL RINGS EXIST. (DISCRETE RINGS)
*ERGO TO | TONR
FIRST THE 1OCATIONS OF THE DISCRETE RINGS ARE TQ RE i
SPECIFIED, THE TYPE OF INPUT DATA TO BF USEN IN THIS :
SPECIFICATION 1S NETERMINEN RY THE CONTROL INTEGFR NTYPE,
T6  *ANTYPE#*#
NTYPEz CONTROL INTEGER FOR YYPE OF DATA YO BE USED . .
FOR LOCATION OF DISCREYE RING ATTACHMENT POINTS,.,.
(RING ATTACHMENT POTINTS ARE CONSIDERED TO BE
LOCATEDR ON THE SHELL REFERENCE SLRFACE,)
NTYPE=1 MESH POINTS WILIL, BE CALLED nur DIRECTLY, :
CIF _NIYPE 3 1 X%%GO TO A%%% e
NTYPE=P2 AXTAL DISTANCESs 74+ FROM DATHM CALLED nUuT
IF NTYPE = 2 X4%XGD TO pexx -
NTYPEZ3 DISTANCES, R. FROM AXIS OF REV. CALLED OUT %
IF NTYPE = 3 **%xG0 TO C*ax %
NTYPEZu ARC LENGTHS, S, FROM SEG. START CALLED OUT
IF. NTYPE = 4__*k%xGO TN Dew# ~ _ o
NTYPE=S ANGLES, THETA, IN DEGREES FROM AXIS aF REV, ;
IF NTYPE = § *#%XG0O TO Exwx
CONTINUE ” | ' (DISCRETE RINGS)
1016 *%(IPOINT(J)s JZlsNRINGS) #% _ e (NTYPE=1)
IPOINT= MESH POINT NUMRFRS OF RING ATTACH, PTS, {NTYPE=1}}
***GO TQ F***
CONTINUE e . {DISCRETE RINGS) ,
GEIZ R #*x{ Itd)s JZIANRINGS) %% {NTYPE=2)
I= AXTAL DISTANCES TO CALLOUTS, MEASURED FROM .THE (NTYPEZ22)
SAME DATUM AS THAT USED FOR THE SPECIFICATION (NTYPE=2)

NEXTy READ DATA PERTINENT TO THE DISCRETE RINGS 1IN
THIS SEGMENT . uves..

- OF_THE MERIDIONAL GEOMETRY, (SHELl GEQMETRY) (NTYPEE2)

®ERGO TO Fraw

B T AR T e i i — —

e

st R P
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You are here

27

NRINGS . . . Number of discrete rings in a given segment. It is pointed
out here that line loads can be applied only at mesh stations
which correspond to discrete ring locations. Hence, the
input parameter NRINGS must allow for any "fictitious” rings
which correspond to points on the meridian at which line loads

are applied, but at which no actual rings exist.

Reference Surface

THETA(4)
h——"

179 JPOINT(5) =17

&

POINT{(4) = 14

In this example:
NRINGS =5

Datum = Callout Points ore:
Z2(4) measured from same datum 1,49, 1.4’ 17.  Discrete rings
are considered to be attached

used *f s;'.pei;:!fy geor?etry of the to the shell at the reference
curreni shell segment. surface at the callout points.




DATA

 CONTINUE
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CONTINUE : {DISCRETE RINGS)

6EI2,8 *x( R{JIe JZ1oNRINGS) #% (NTYPE=73)

Rz RADIAL DISTANCES FROM AXTS TO RING ATTACH PTS, (NTYPE=3)
REXGO TO Eruw

CONTINLIE (DISCRETE RINGS)

KEI2,B *n( S(Jly JZIsNRINGS) #% (NTYPE=4)
S= ARC LENGTHS FROM SEG. START TO RING ATTACH, PTS. (NTYPEzY)

XKRGO TO Fowx

6ET12.8 **( THETA(J), JELNRINGS) #» B - (NTYPE=S)

THETA= ANGLES IN DEGREES FROM AXIS OF REVOLUTION {NTYPE=S)

(DISCRETE RINGS)

IO _RING ATTACHMENT BOINTS. (NORMAI_TO REF, (NTYPE=S)
SIIRFACE) (NTYPE=S)

CONTINUE : T e e IDISCRETE _RINGS)

NEXTs+ CONTROL INTEGERS WILL RE READ IN FOR SPECIFICATION OF
- WHAT TYPES OF DISCRETE RINGS EXIST IN THIS SEGMENT,,

1016 **(NTYPER(K)oK={sNRINGS)w
NTYPER( )= CONTROL INTEGERS FOR TYPFS OF DISCRETE
RINGS IN CURRENT SEGMENT. MAY BE 0 R |

NTYPER(K) =0 MEANS FICTITIOUS RING, THIS OPTION 1§
USED TF LINF LOADS ARE APPLIED WHERE
mIHEREhIS,ﬂQ,AKYUALMRlﬂﬁlmHSEEMYHEnEIGUﬂE_
OPPOSITE (WITH V.AND M) FOR ADDITIONAL
WARNING, - -

NTYPER(KI=) INDICATES THE PRESENCE OF A REAL RING,
~ DATA FOR THFE KTH DISCRETE
~RING IN THE CURRENT SEGMENT WILL | BE

READ IN, THE DISCRETE RING IS CONSIw
OERED TO RE COMPOSED OF A NUMBER OF
STRAIGHT SEGMENTS OF UNIFORM
THICKNESS, CONTROL INTEGERS ARE FIRST
READ IN TO DETERMINE WHETHER OR NOT &
SIMILAR RING SEGﬂENTWHAS,BEEN.SPEC!FIED
PREVIOUSLYs EITHER IN THIS CURRENT
SHELL SEGMENT OR IN A PREVIOUS SHELL
SEGMENT, .




|
|
|

Note: Vinput and Minput will be read in later. If the fictiticus
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Shell /
]

Shell Reference
Surface

DISCRETE RING
: {3 Segments)
Discrete Ring / \

Attachmen! Point / \

Dzzﬁf / ‘7"‘ //T 3

RN LL3

02, — / ‘961 Dz FL
A L
(Neg') /‘ \ \\ 2

|t

NOTE: Discrete ring oftachmen! point is considered to be

located on the sheli reference surface.

\ l V( ) mpui
,............................rv_.___., X
-___r--{ f { M=V(r -t} = Mmput
—T ! ~~Need Fictitious
+ tf_ Ring Here
4 | ~—Shell Wall

I_’_m_._.,-..,.m_

- Reference Surface

IR b

(a) ACTUAL CASE (b} BES@R5 MODEL

ring option NTYPER({K)= 0 is used, the actual line loads

must be transferred by the user to the shell reference
surface,




kAxrkAkRR 10

T e USE INTEG{J) = 5 NR_T QR 9 , —
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160 K 2 1+MRINGS HENK KK

THE PURPOSE OF NGEOM, NTEMP. AND NMATL IS ToO TELL
ROSORS WHETHER OR NOT CERTAIN PROPERTIES HAVE
PREVIOUSLY HEEN SPECIFIFDs EVEN IF THIS PREVIONS

_MSQELIELQAIIQQMLS_ASSQClAIEDMHlIﬂ_A%aRFViOHS SHELL SEGMENT,

(BEGIN LOOP OVER NO. OF RINGS

IF THEY HAVE, THEY NEEDNIT BE SPECIFIED AGAIN, THIS
SPARES THE USER SNME EFFORT iFe FOR EXAMPLE. ME IS
MODELING A SHELL WITH MANY NISCRETE RINGS WHMICH ARE
THE SAME,

.4ﬂﬁfﬁﬁtﬁl;ml&lEﬁEﬁ_Eﬁl&ﬁwINEICAIESUﬁEQMETBXWQEHIHlinwwmmm

RING SEGMENT, 1®& THg GEOMETRY ., aAS SPECIFIED

BY THE NIMENSIONS D1y, D2, PHIs Ts AND FL. (SEE F1G,)

OF THIS RING SEGMENT 1S DIFFERENY FROM ANY
PREVIOUSLY SPFCIFIED DISCRETE RING SEGMENT,
SET NGEOM(J) ERUAL TO ONE PLUS THE HIGHEST

~—-YALUE _OF NGEOM PREVIOUSLY PROVIDED IN THIS. _ |

CASE, NOTE,,., NGEOM(I) MUST RE | |,

IF THE GEOMETRY NF THIS DISCRETE

RING SEGMENT 1S THE SAME AS THAT OF SOME
PREVIOUSLY SPECTFIED DISCRETE RING SEGMENT,
SET NGEOM(J) EQIAL TO THE VALUE OF NGEOM
MHICH WAS USED WHEN THAT EARLIER SEGMENT WAS

NTEMP(Jl= INTEGER WHICH INDICATES TEMPERATURE DISTRIw
RUTTION ALONG THIS RING SEGHMENT. (TEMP, ASe
SUMED UNIFORM THRU THICKNESS OF RING SEGMENT,)

e L THE WAY IN WHICH THIS CONTROL INTEGER 1S USED

IS ANALOGOUS TO THAT DESCRIBED ABOVE FOR NGEOM,

NMATL(JY= INTEGER (BETWEEN I AND &4 INCLUSIVE) WHICH S
INDICATES THE MATERIAL TYPE OF THIS RING SEGe
MENT. THE WAY IN WHICH THIS CONTROL INTEGER

..... mwulimﬂiﬁﬂmlimA&ALQﬁQQ§~ZQMIHAImﬁEéﬁﬁIBEQ ABOVE

FIRST SPECIFIED, (RING SEGMENT)

IF NTYPER(K)=0D =% g0 TO 140 %4 (FICTITYIOUS RING)
baTa .ig“u;*~£55¥§;;m”_”m._.m_m"“__k,mum%mm“uW“N%m_hm.m?gigzgg;gh§¥NaTw_“m
NPARTS= NUMBER OF SEGMENTS IN THIS NISCRETE RING.
Aekkkk DO 150 J = FoNPARYTS wawaww (REGIN LOOP OVER NO, OF RING SEGS)
'EEfA”WExgmm"iiﬁéEéﬁfjT:“R?éﬁéTDTYWGEE?l?J?:“?ﬁiﬁﬁTﬁﬁjm§E5Eé5735_3¥mm“ -

FOR NGEOM, (RING SEGMENT)

INTEG(J) = NUMBER OFf INTEGRATION POINTS TO BE USED fFOR
THIS RING SEGMENT, {INTEGRATION POINTS ARE
ALWAYS EQUALLY SPACED, SIMPSON'S RULE IS USED,)

P

Bty



L' strains, and yield stress must be specified.

! Discrete Ring
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This is the beginning of a double do-loop. The outer loop (K-loop) is over the
number of discrete rings in this shell segment. The inner loop (J-loop) is over

the number of parts or segments in each discrete ring. For example, NPARTS = 3
for the three-segment discrete ring shown on the previous page,

STARTING HERE WE READ IN SOME DATA FOR EACH DISCRETE RING

SEGMENT OF THE K TH DISCRETE RING.
\5 \T (constant)

Distributions of temperature, plastic and creep

‘Segment

Beginning of
Ring Segment

FL

: Ring —/ ‘

Attachment
’ Arrows along midplane of discrete

Point mie ot ai
ring segment indicate direction of
integration along the ring segment.

' Shell Reference The points labeled 1 through 5 in
Surface this iliustration, are used for

Simpson's Rule integration along
the ring segment,

Also to be Specified:
* Ring Segment Geometry: Di, D2, PHI, T, FL

* Ring Segment Material Properties:
Stress - Strain Curve
Creep Law

Elastic Modulus ‘
Coefficient of Thermal Expansion
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IMPORTANT NOTE... USE OF DIFFERENT VALUES NF (RING)
INTEG IN DIFFERENT RING SEGMENTS REGUIRES CORRESGe
PONDING RE~SPECIFICATION OF TEMPERATURE DISTRIBU- .
TION EVEN IF THIS DISYRIBUTION IS IDENTICAL IN YHE
DIFFERENT RING SEGMENTS, THIS IS BECAUSE THE NUMBER

OF INPUT QUANTITIES INVOLVED DEPENDS ON INTEG, IT

IS PROBABLY REST TO CHOOSE A VALUE FOR INTEG AND

STAY WITH IT THROUGHOUT THE C(ASE, (RING SEGMENT)

- NCREEP(J) = INTEGER WHICH INDICATES WHETHER OR NOT THE
RING MATERIAL CREEPS,,,,

NCREEP(J)=0 RING MATERIAL DOES NOT CREEP.
NCREEP(J)=1 RING MATERIAL DOES CREEP,

NEXTs STARY READING DATA FOR THE CURRENT RING SEGMENT.we ...

IF THE GEOMETRY OF THIS DTSCRETE RING SEGMENT 1S
IDENTICAL TO THAT OF SOME PREVIONUSLY DEFINED DISCRETE
RING SEGMENT, NO MATTER WHAT SHELL SEGMENT THAT
PREVIOUS RING SEGMENT IS ASSOCIATED WITHe *%% GO 1O
JIN QTHER WORDSe IF THE VALLE OF NGEOM(.) JUST READ .
IS THE SAME AS SOME PREVIOIISLY READ YALUE OF NGEOM,

*x% GO TO |10 %k

OTHERWISEs READ THE FOLLOWING.,. .. . {RING SEGMENT GEOMETRY) _

1i0 %wx%

DATA SEI2.8 **D ) (NGEOM), DR(NGEOM), PHT(NGEOM), TINGEOM), FLINGEOM) *=

' SEE THE FIGURE FOR NEFINITIONS OF Dien2sPHIsTvFL

Pi = RADIAL DISTANCE FROM ATTACHMENT POINT TO BEGINe
NING OF DISCRETE RING SEGMENT, POSITIVE IF THE
REGINNING OF THE RING SCGMENT LIES AT A GREATER
e e DISTANCE FROM _THE AXIS OF REVOLUTION THAN THE e
ATTACHMENT POINT OF THWE RING TO THE SHELL,
THE ATTACHMENT POINT Y% CONSIDERED TO BE ON THE
REFERENCE SURFACE OF THE SHELL, o

D2 = AXTAL DISTANCE FROM RING ATTACHMENT POINT TO
e BEGINNING OF DISCRETE RING SEGMENT, POSITIVE IF
THE BEGINNING OF THE RING SEGMENT LIEFS ABOVE THE

ATTACHMENT POINT OF THE RING TO THE SHELL,

PHIz ANGLE IN DEGREES FROM HORIZONTAL TO LINE WHICH
INDICATES THE DIRECTION OF INTEGRATION ALONG THE

-RING SEGMENT, THIS DIRFCTION IS INDICATED RY ARROWS
IN THE FIGURES ASSOCTATED WITH THIS SECTION,

THICKNESS OF THE RING SEGMENT, ASSUMED UNIFORM,
T IS ALWAYS THE NIMENSTON NORMAL TO THE DIRECTION
OF INTEGRATION ALONG THE RING SEGMENT,

e
it

LENGTH OF RING SEGMENT

4

e




3

Shell Reference Surface

Beginning of Ring Segment

Ring Attachment Point
Considered to be on
the Shell Reference

Surface.

Arrows along midplane

' of Ring Segment 2

indicate the direction
of integration.

Shell

}

i

4

74

!
Ring Segment 2
- Ring
) ﬁﬁi@ Segment 3
be /Y /BT L
PHI /j
FL
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s, Increasing Arclength

Ring Segment 1

-

L)

NOTE: All quantities as shown above, are positive.
If the beginning of the ring segment were located inside the shell

reference surface, then D1 would be negative.

If the beginning of

the ring segment should be located below the ring attachment point,
then D2 would be negative.
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Pif.  CONTINUE. .. (RING SEGMENT TEMPERATURE)

IF THE TEMPERATURE DISTRIBUTION IN THIS DISCRETE RING
SEGMENT IS IDENTICAL TO THAT OF SOME PREVIOUSLY DE=

i FINED RING SEGMENT, k%% G0 TO_ {20 #*%% - - -
IN OTHER WORDSes IF THE VALUE OF NTEMP () QUST READ IS THE

SAME AS SOME PREVIOUSLY READ VALUE 0OF NTEMP, #*#%G0 TO 120%%x
- OTHERWISE, READ THE FOLLOWING., . N .

DATA SE12.8 *%(TEMP(L)y L T 1+INTEG(J) ) %%

TEMP = TEMPERATURE DIFFERFNCE FROM ZERO STRESS STATE,
INTEG = NUMBER_O? INTEGRATION POINTS IN RING SEGMENT

120 CONTINUE (RING SEGMENT MATERIAL PROPERTIES)

e JE_THE._MATERIAL PROPERTIES OF THIS_DISCRETE RING SEGe e

MENT ARE IDENTICAL TN THOSE OF SOME PREVIOUSLY DEFINED
DISCRETE RING SEGMENT, w#%%x GO TO [0 #%x
DTHERWISE. READ THE FOLLOWING,..

DATA  2E12,R *%E(NMATL),ALPHA (NMATL W““:’fﬂﬁ/f (NMATL )

E = RING SEGMENT ELASTIC MODULLS
ALPHAZ RING SEGMENT THERMAL EXPANSION COEFFICIENT g

Reg = F=ie SeechenT  MAss Desshy (2,6, Alom g - Corooths s (h sl

DATA Is *ANPOINT (NMATL P %%

s . _NPOINT = NUMBER OF PQINTS {SED. YO SPECIEY THE RING ) i

SEGMENT STRESS=~STRAIN CURVE. DON'T FORGET

TO INCLUDE THE (nN.0) POINT IN THE INPUT DATA,
FOR PURELY ELASTIC MATERIAL. YOU MUST STILL
READ IN A STRESS«STRAIN 1CURVE!, HOWEVER. IN
THIS CASE YOU CAN SIMPLY READ NPOINT = 2 AND

COORDINATES AND 0,0+ 10000000, FOR THE
STRESS COORDINATES, IF THE MODULUS 1S 13000000,

DATA &E12,8 **(EPS(L)e L Z) Y NPOINT (NMATL ) ) %
DATA  AEI2.8 **(SIGMA(L)y L =i NPOINT(NMATL) %%

EPS = STRAIN COORDINATES FOR RING MATIL STRESSwSTRAIN CURVE
STGMA = STRESS COORDINATES FNR RING MATIL STRESS=STRAIN CURVE

NOTE.. IF THE RING MATERIAL IS THE SAME AS SOME PREVIOUSLY
NEFINED SHELL MATERTAL, YOU MUST STILL PROVIDE

MATERIAL HAS NOT PREVIODIUSLY REEN SPECIFIED,

IF THE RING MATERIAL DOES NOT CREEP (NCREEP(J)=0) **% GO TQ )30 *aw
OTHERWISEy READ THE FOLLOWING ,.,.,

WQQEAwWWBELBAﬁ_**ME&JﬂAILJAMBﬂiﬁAILleﬁéiNAELLL.REL&AILLMA!W_ {RING CREEP)

RNy RM, RA, RB = COEFFICIENTS IN THF RING MATERTAL
CREEP LAW WHICH IS GIVEN ON THE OPPOSITE
PAGE, USFR WILL ORDINARILY SET RR = 0.0

£

- THEN GIVE (FOR_EXAMPIE} 0.001.0 FOR THE STRAIN —

e INPUT DATA HERE IE THE SAME DISCRETE RING e
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In this example:
J=2

INTEG(J) =5
RING MATERIAL CREEP LAW:
- = RM RN
£ (g) a1
cryE RA
t, = RB
|
4 5 8 In this example:
i, 3 NPOINT(NMATL) = 6
= 2
=
3
[/ 5]
EPS(L)

1f the ring is at a plane of symmetry, use 1 the actual modulus and 5
the actual values of SIGMA (L) for given EPS(L).




t3n

Isn

DATA

160

COMTINHIE {RING SEGMENT)

CONTINUE (END OF J«LOOP OVER SEGMENTS OF KTH DISCRETE RING)

2E12,8 **% XS, ¥Y§ *x {DISCRETE RING)

CONT INYE (END OF K«LOOP OVER DISCRETE RINGS IN THTIS SHELL SEGMENT)

i

i
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TF THERE ARE MORF. SEGMENTS IN_THIS KTH DISCRETF RING,
GO BACK TO THE BEGINNING OF THE J~LLOOP (WHERE 1Y
SAYSe 'D0O 80y J = [ +NPARTSH)

NEXTy AFTER DATA FOR ALL SEGMENTS IN THIS KTH DISCRETE
RING HAVE REEN READy SPECIFY THE LOCATION OF THE
RING SHEAR CENTER,...

CNORDINATES OF DISCRETE RING SHEAR CFNTER RELATIVE Tn
THE ATTACHMENT POINT ON SHFIL REFERENCF SURFACF,,

XS = RADTAL DISTANCE (POSITIVE IF RADIUS TO SHEAR CENTER
IS LLARGER THAN RADINS TO RING ATTACHMENT POINT)
YS = AXIAL DISTANCE (POSITIVE IF SHEAR CENTER LIES AROVE
THE RING ATTACHMENT POINT,) (DISCRETE RING)

IF THERE ARE MORE DISCRETE RINGS IN THIS SHELL SEGMENT,
GO BACK TO THE BEGINNING NF THE K={.00P {WHERE IT SAYS
INO 160+ K = J+NRINGSH)

Shell Reference Surface

Shell

Discrete Ring
Attachment
Point

$-=— Discrete Ring Sheor Center

Discrete Ring
(Represented by
shaded area)

NOTE: The discrete ring attachment point is considered to be
located on the shell reference surface.




r Page P29
A
R ¥ Assume this ring Is identical
! W e 5 o fo ang. 1, except that this
%,, & & ring is internal.
! ::?L:3h4105
: {:’3“’ Assume this ring Is Identical
E o fo Ring 1.
i Shell ———m o
Segment |
200 - _i_
. { f ow
15.0 T+—— 1.5 W mjg 35 5.
n e
mng , ;rh_j. G i
's!gachmen! \ STRESS-
9,0 |Points _L : & STRAIN
o O~ @ - CURVE
L5 7 2 5o 35000
' ' Rl B& 30000 ==
4.5 - 3,80l
‘ o 0.003 oo €

SAMPLE INPUT DATA FOR A CASE WITH Y DISCRETE RINGS IN A GIVEN SEGMENT

COL., & I2 18 24 3 16 R &0 T
n NRINGS. .
2 NTYPE
"'Q"; 9, 1I5.0 20,0 (X1, J:!iNRINGS)
. | § (NTYPER(K}, KEsNRINGS)
-4 ' NPARTS (DISCRETE RING NG, t)
§ { S { NGEGM{I).NTEHP(I).NMA?L(!}QINTEGGi}vN(REEP(I)
0,05 8.0 0.4 {5 3.0 Die D2¢ PHIe To FL
0.0 0.0 0.0 0.0 0,0 {TEHP(LgoLElaINTEﬁfi))
looo0000.0 0.0 Ee ALPHA
AR R ! . . . CNPDINT(S)
0.0 0,003 6,01 (EPSIL) s 1L=i+NPOINT(IY)
0.0 30000, 0 35000,0 (SIGMALL Y Lt eNPOINT{))
0,24 bl 76000..0 0.0 RCREEN, RCRFEM: RCHEEAy RCREEB
2 ' t f 5 ! NGEOM{E),NTEMP(EicNMﬂTL(Z)'INTﬁﬁtaioNCREEP{E)
3.8 “1.79 90.0 {5 J.5 Die D2s PHIY Ty FL
- 3.8 p.o. . el TR SR . 57 T 4 S
2 NPARTS (DISCRETF RING NO, 2}
3 | | 5 ] NGEOHfl).NTEMP(#)-NM&TL(#)-!N?EG(!}rNCREEPE%)
0.05% n.n 0.0 .S 50 Dlsy D2y PHIs T FL
L S DU NI S NGEOM(2Y4NTEMP (2) yNMATL (2) » INTEG(2) s NCREEP (2}
5.8 *1.75 90.0 o beS 3.5 Dis D2y PHI+ Ty FL
2 MPARTS (DISCRETE RING NG, )
i I { 5 | NGEGM(I}cNTEMP{fijﬂATL{l!c!NTEG{I)eNCREEP{!}
2 i i 5 | NGEONIEJoNTFﬁpfélrNﬁAILLEL}INTEG(E!:NCREEP(Z)
1.8 0,0 XSy Y§
2 NPARTS (DISCRETE RING NG, 4}
S - SRR RN I S .1 MGEGM!!}:NTEMP{FBvNMﬁTL€JirINTEG!'J'NﬁﬁﬁﬁP{Jimﬁ_
-6005 (a0 IXGOU 5 ?og Dioe Nee PH;’ Ty F.{.
6 ' I 5 ! NGEOH!E).NTFMP(E)eNﬂATLEEFplNTEGEZ?oNCREEP(E)
3.8 =), 75 90,0 o8 3.5 D1+ D2¢ PHIY T Fi
~3.8 N.0 XS5¢ ¥YS
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170 CONTINUFE {(I.OADS)

NEXTe THE LOADS ON THIS SHELL SFGMENT WILL RE

SPECIFIFN, FIRST THE TEMPFRATURE DISTRIBUTION THROUGH

- THE SHELL THICKNESS AT VARIOQUS MERIDIONAL STATINNS

WILL BE SPECIFIED, THFN THWHE PRESSURE AND MERIDIOMAL

TRACTION DISTRIBUTIONS WILL RE SPECIFIEDy AMD THEN

THE LINE LOADS WILL RE SPECIFIEN, IN THIS SECTION,

WHICH PERTAINS ONLY TO THE CURRENT SHELL SEGMENT. ONLY

THE SPATIAL DISTRIBUTIONS OF THE LOADS WILL RE GIVEN,

THE TIME VARTATIONS WILL ARE INDICATED HERF RY PNINTERS

ONLY. AND THE ACTUAL TIME FUNCTIONS TO WHMICH THESE

POINTERS POINT WILIL RF SPECIFIED AFTER DATA FOR ALL

SHELL SEGMENTYS HAVE BEEN RFAD IN, JUST REMEMHBER NOW

THAT AL, LOADS ARE CONSIDFRED TO RE PRODUCTS  SHICH AS

PIS+TIME) = PO(SI*F{TIME}

_ {1t 0ADS)
The concept of time-varying loads is :

® necessary for the solution of problems which involve creep.

¢ useful for the treatment of problems which involve several
simultaneously applied nonproportionally "time' varying
loads, even if creep is not present and if there are no '"'real-

time" effects in the problem,

For example, one may wish to calculate the buckling pressure of a cylinder which
is subjected to some known and fixed temperature distribution. 7The temperature

is considered to be given by

T(s,t)zTO('s)fl(t) &' ......... . J;_— _g,\/F:,(s)

and the pressure by

, 8

pls.t) = P_(s)5,(t) | s A Ts) . 1 ﬁ |

where in this example fl %“_M |

fl(t) = constant, as shown below fz(t) = at + b, as shown below ‘

‘
f1) 1) o
IE————— Q -

b t
S S

More generally, f;(t) and £3(t) may both vary in some arbitrary, user-specified
manner. Line loads and moments may also vary with time in a2 manner different
from that of pressure or temperature. The figures below illustrate various
proportional and nonproportional loading systems.

Example 1: Proportional loading. Hydrostatically compressed cylinder. p = Pot

d‘f- Ml pl i v‘/
iﬁwﬂﬂthr/z =t ' - |
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Example 2: Non-proportional loading. Rocket miofor case with internal pressgure
which remains constant during the case and
and axial compression which increases dur-
ing the case. We may wizgh to know, "What
is the axizl buckling Inad? "

AVAASREAA

Example 3: Non-proportional loading, Eifect of a manufacturing process {welding),
with subsequent pressurization. We may
wonder, "What is the effect of weld shrinkage
and residual stress on the buckling pressure
of a spherical shell?

Temperature Girth Weld Cool-Down
Tois}) fiH }
fi(! )
o f
Pressurization
Pressure
fz{! 1

R(s) (1)

In the following sections the time-indepondent spatial distributions of temperature T (s}
and pressure B, (g} will be specified, after which the time-independent magnitudes of
the line loads, such as VG = ?Orf'z in Example 1, will be specified. Associated with each
of these types of loads will be a "pointer”-~«an integer which will indicate which time
function, {;{t] the spatial distribution iz to he multipliad by. The various tirme functions,
£i{t), will then be specified after data for all shell segments have been read in.

At this point the user must decide whether to asscciate the sign and amplitude of the
loading with the spatial function or with the time function. Since the actual load is the
product of the two functions, the user ig free to choose at this point, a freedom which
may cause him to feel unsure. Perhaps an example would help. Suppeose that you wish
to find the collapse pressure of a shallow spherical cap. You know that the critical
pressure lies between 0 and 100 psi, and you decide that vou would like fo cover this
range in ten equal pressure increments. How sheould you chonse your spatial and temporal
functions such that the product p = P {s){{t) satizfies these requirements? The figure
below illustrates a proper specification of the loading. Altermatively, one could have
chosen P_(s} = +1. 0 and the time function as varying between G and -100 over the time
range of ?O units.

100

fled 7 10 equal time
- increments

Bis)=-10

fEME iunits) ' {0
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{TEMPERATURE DISTRIHUTION TN SHELL)

NEXT READ DATA FOR TEMPERATURE DISTRIALTION IN THF

CURRENT SHELL SEGMENT, TEMPERATURES THROUGH THE L
THICKNESS AT VARIOUS MERINDTONAL STATIONS MUST ar SPECIFIED,
THE VALUES GIVEN ARE TEMPERATURE RISE (+) OR FALI (=)

AROVE 0OR BRELOW THF ZERO=STRESS-STATE TEMPERATURF,

DATA 16 %% NTSTAT *w» {TEMPERATURE)

NTSTAT = NUMBER OF POINTS ALONG MERIDIAN OF THIS
SHELL SEGMENT FOR WHICH TEMPERATURFS ARE 10
BE CALLED ouT,
T
TF NTSTAT = 0y THERE I$ NN TEMPERATURE DISTRIBITION
e e TO BE SPECIFIED IN THIS  SHELL SEGMENT.,..
Axx GO TO 210 xx
i T g,

DATA 16 ** NTHICK *»x {TEMPERATURE)

NTHICK = NUMBER OF STATIONS THRNOUGH THE THICKNESS OF
THE SHELL .WALL AT WHICH THE TEMPERATURE IS TO B8E.
SPECIFIENR, NTHICK MAY RE AS LOW AS | AND AS
HIGH AS THE NUMRER 0F INTEGRATION POINTS
THROUGH THE SHEL] WALL THICKNESS,

1F NTSTAT = |+ THE TEMPERATURE MAY VARY THRU THE
..THICKNESS OF THE SHELL WALL. BUT IT. IS
UNIFORM ALONG THE MERINIAN IN THIS SEG,
AKX GO TO |80 *ax

IF NTSTAT IS GREATER THAN 1y THE TEMPERATURFE DISTRIWU=-

TION THROUGH THE THICKNESS WiLl RE READ
”wgwiﬁmEuB,£ERIAlN“CALLQHIWPQIHISWALﬂﬁﬁmlﬂiwwwwwm,__m5

MERINDIAN, VALUES AT ALL MERINDINNAL :
STATIONS WTLL BE DETFRMINED BY L INEAR
INTERPOLATION RETWEEN CALLOUTS,
THE USER MHST INCLUDE THE FIRST AND LAST
POINTS OF THF SEGMENT AS MERIDIONAL CALLOUTS,
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&
T _//Seqmem xy

Segment (2}

In This
Example:
NTSTAT=6
NTHICK=5
NMESH =20

Caliout Points are:
1, 3, 7,13, 18, 20.

"|_eftmosi" Surface

Ordinary Meshpoint on
Reference Surface

Callout Meshpoint

Temperature Distribution Through Thickness
{To be read in at NTSTAT meridional callout

points.)




AhRA A AN AAEERNONTE, ,, NUMBER OF CALLOITS =

DATA

DATA

. DATA .

BATA

DATA

DATA

NEXTe ESTABLISH LNCATINNS ALONG THE MERIDIAN WHERE

TEMPERATURES ARE TO RE RFAD IN THRU THE THICKNESS,
NTSTAT ARkAwRdhdkd

16 *XNTYPE &%

PAGE PIY
{TEMP .}

ANTSTAT.GT. )

NTYPEZ CONTROL INTEGER FOR CALLOUT SPECIFICATION. e

NTYPE=1 MESH POINTS WILL BE CALLED OUT BIRECTLY,

IF NTYPE = | ®%x%G0 TO ARtx

CNTYRE=R2 AXYIAL NISTANCES. Je EROM DATUM CALLED OUT

1F MTYPE = 2 #»%Gd T HAddx

NTYPE=Y DISTANCES, R, FROM AXTIS OF REV. CALLED OUT

IF NTYPE = 3 *RAG0 TO (%kx

NTYPE=u ARC LENGTHS., S¢ FROM SEG, START CALLED QUT

IF NTYPE = 4 ®&%GD TO Dx**

CNIYPE=S ANGLES, JHETA, IN DEGREES EROM AXIS. QF REV.

TF NTYPE = 8§ X%AG0 TO EX**

CONTINUF
1016 **{JPOINT{J)e JZE NTSTAT} *%

IPOINT= MESH POINT NUMRERS OF CALLOUTS

*XXGO TO Frir
CONTINUF

SE12.8 *x{ _ TilJdle JmloNTSTAT) **

2= AXTIAL DISTANCES TO cALLNUTS, MEASURED FROM  THE
SAME DATUM AS THAT USED FOR THE SPECIFICATION
OF THE MERTDIONAL GEOMETRY, (SHEt L GEOMETRY)

. XARGO TO FEAX
CONTINUE

AE12,8 *x{ Riud)e JTTeNTSTAT )] =**
R= RADIAL DISTANCES FROM AXIS T0O CALLOUTS
aron 1o Faee o

CONT INUIF

GET2.R **x{ StJle JSTWNTSTAT) #*
5% ARC LENGTHS FROM SEG, START. TO CALLOUTS

XAXGO TO Fraw
CONTINUIF

AE12,8 **( THETALJ)e JTTNTSTAT) *%

THETA= ANGLES IN DEGREES FROM AXIS OF REVOLUTION
TO CALLOUTS, (NORMAL T0O REF, SURF,)

CONTINUE

(NTSTAT 6T, 1)

(NTSTAT.G6T 1Y |

'{thngﬁy

{TEMPERATURE)}

(NTSTAT,GT, t)

{NTYPEZI)

(NTYPEZ])

[NTSTAT.GT. 1)

(NTYPE=2) |

(NTYPEZ2)
{NTYPEZZ)
{NTYPE=2)

(NTYPE=ZT)

(NTYPEZ=T)

(INTSTAT,GT. 1}

{NTYPE=Y)

(NTYPE=N)

(NTYPEZS) |

{NTYPE=2K)




Page P35

Refe.r'ence Surface

| THETA(4)

79 IPOINT(5) = {7
E - _

R{4)

‘ ol
~ Normal 1o Shell

Z(4) ' Reference Surface

9

In this example:
NTSTAT=5

IPOINT(1) = 1
Callout Points are:
Datum - 1, 4,9, 14, and 17.

Z(4) measured from same datum used
to specify geometry of the current shell segment,
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{80 CONTINUFE (TEMPERATURE)

NEXT. READ TEMPERATURE RISF THRU THICKNESS AT ALL
- . MERIDIONAL CALLOUT STATIOMS, .. e

kankkd DO 190 L = | JNTSTAT wxkkdx {TEMPERATURF DISTRIBUTICON)

DATA GEI2.,8 *%x (TEMP({LsdJ)s J = 1sNTHICK) **

_ ___NTSYAT = NUMBER OF _POINTS ALONG MERIDIAN OF THIS —

SHELL SEGMENT FOR WHICH TEMPERATIIRES ARF
CALLED 0UT,

NTHICK = NUMBER OF STATIONS THROUGH THE THICKNESS OF

THE SHELL WALL AT WHICH THE TEMPERATURE IS
o BBECIF LB D e e o e s

TEMP(LeJ) = TEMPERATIRE RISE OF FALL AT LTH MERTIDIONAL
CALLOUT STATION AND AT JTH POINT THRU THE
THICKNESS, TEMP(Led)e JEZI«NTHICK. MUST
RE READ IN IN THE PROPER ORDER,, :
FROM LEFT TO RIGHT AS YAOL FACE IN. THE. e
DIRECTION NF INCREASING MERIDIONAL AR, S,
INCREASING MERIDINNAL CALLOUT INMDEX. to» MUST
CORRESPOND TO MOVEMENT FROM THE BESINNING

TOWARD THE ENDN OF THE SEGMENT,

190 CONT INUIF {TEMPERATURE)

£

NEXTs TF NTHICK 1S GREATER THAN 2+ READ THWE CONZRTNATES
THRU THE THICKNESS OF THE SHELL WALL WHICOH CORBESENND

TO THE VALUES OF TEMP ALREADY READ IN, YOU 00 w07

READ THE VALUES CORRESPONNTNG TD THE SURFACESe ONLY
THOSE CNRRESPONDING TO POTNTS WITHIN THE wAtlL., FOK
EXAMPLE, IF voll READ THE TEMPERATURE AT % STATIONS . )
THRU THE THICKNESS, YOU ONIY READ 3 VALUES FOR THE

THICKNESS STATIONS, THESE MUST RE [N THE PROPER ORDER,,

FROM LEFT TO RIGHT AS YOU FACE IN THE OIRECTION OF

INCREASING MERIDIONAL €DOPNINATE. S, SEE FIG6. NPPOSITE,

“Tff{;?}kle_ﬂIBLQKMIS~LESS,IﬁéwmﬁﬁﬁEQHALle,B&W*E?gﬁﬂmfﬁ ?%S;?zgu,WW,“d.;
waAkkRR DO 200 L = [ oNTSTAT warkdx | / é
DATA 6HEI2.8 ** (THICK(LsJ])o JE Lo NTHICK=2) *X
 THICK = DISTANCES FROM LEETMOST SHELL SURFACE T0 POINTS

WITHIN SHELL WALL FOR WHICH TEMPERATHRE RISE
HAS REEN SPECIFIEN RY PREVICUS INPUT. TEMP,

200 CONTINIUE
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s, Increasing Arclength

TEMP(L,1)

TEMP(L,5)

s, Increasing Arclength

THICK(L,1)
THICK(L,2)
THICK(L,3)

In this example:
NTHICK =5




208

DATA
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CONTINYE { TEMPERATURE)

16 ** IDTEMP(TISEG) ** (POINTER)
IDTEMPZ CONTROL INTEGER fFOR TIME FUNCTION TO RE ASSOCTIA-
TED WITH TEMPERATIIRF RISE IN SEGMENT . [5FG,
NOTE THAT DIFFERENT TIME FUNCTIONS MAY RE ASSOCIA-
TED WITH TEMP IN DIFFERENT SHELL SEGMENTS,
ISEG = CURRENT SHELL SEGMENT NHMBER,

NOTE,.,., THF TIME FUNCTION INDTICATOR, IDTEMP{ISEG) IS A
POINTER WHICH WILL CAISE THE APPROPRIATE FIINCTION
OF TIME TO RE ASSOCTATED WITH THE TEMPERATURE
PISTRIRUTION IN SEFGMFNT NO, 1SEG, DIFFERFNT TIME
FHNCTIONS CAN BE ASSACTATED WITH THE TEMRPFRATURE
NISTRIBNTIONS IN NIFFERENT SHELL . SEGMENTS, THE
EXACT NATHRE 0OF THESF TIME FUNCTIONS WILL RE
SPECIFTIED LATER, RIGHT NOW, ALL THE HSER NEED DO
1S SPECIFY e 2 3s 0r OTHER SIMPLE INTEGER,
START WITH AN APPROPRIATE VALIIE WHICH DEPFENDS ON
WHAT OTHER LOADS HAVFE ALREADY BFEN SPECIFTED IN
THIS CASE (P T0 NOW, IOTEMP(ISEG) SHOULD BE ..
UNITY IF THIS IS THE FIRST 'LOAD' EVER SPECTIFIED
IN THIS CASFE.

EACH TIME A& NEW TIMF FUNCTION Is 7O BE INTRODUCED,
1Sy A HIGHER INTEGER (HIGHER RY 1} THAN HAS EVER
HEEN USFED REFORE TO SPECIFY THE TIME VARTATION

OF  ANY LOAD. WHETHER IT RE FEQOR A_PREVIQUSLY
SPECIFIED LINF LOAD. DISTRIRUTEND LOADs OR TEMs
PERATURE DISTRIRUTION, THIS WORD PPREVIOINS
INCLUDES LOADS SPECIFIFD IN PREVIOUS SEGMENTS

AS WELL AS THOSE SPECIFIED PREVIOUSLY IN THE
CIIRARENT SEGMENT,

NOTE. .. 'NEW TIME FUNCTION! MEANS A DIFFERENT FUNCTION
OF TIME THAN HAS REEN SPECIFIED PREVIOUSLY,




CoL. &

Y .

50.0.
‘6%.0

 «275.0

-350,0

| =600.0

0.2
0.2%
0.3
0.33
0,40
.42

EXAMPLE OF TEMPERATURE INPUT CORRE

Lo
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EXAMPLE OF TEMPERATURE INFPUT

T0 THE FI1GURE ON PAGE P

1B

2u

i3

30

i&
6,0

- 1500 -

10.0
~150.0
=250.0
~540.0

0.5%

Oe7TU..

0.8%
0.92
1.20
1435

36

20
80,0

e — 28040

100.0
"000
*’5810
=4B0.0

LY:]

160,0

Y. & AN ¢ S

350.0
150.0
=35 .0
«400,0

GPONNING TO ABOVE FIGURE AND

&0 12

TNTSTAT
NTHICK
NTYPE

{1901NT(J).J=:.NTST&T§§
(TEMP(14J)sdz ! e NTHICK] |
(TEMP{Z2ed) o] o NTHICK |
(TEﬂP{?-d)eJ:i¢N?HICK?§
(?EMP{%oJ)onloNTHICxﬁg
(TEMP (SeJ) s st o NTHICK
(?EH?{&QJ}!J:"NYH{CK‘E

(THICK(§¢J!¢J:|1NTHICK-E

.iTBlC&LZmﬁ};Q:%:NiﬁLﬁK:E

(THICK(?;J)QJZ!;NTH[CK*Q
lTHiCK(U!J!!JSltNTHICK-Z
(THICK(§¢J)od=§QNTHICK#2
{THICK(évd!vJ:icNTHICK*a

INTEMPIISEG




POSITIVE IF IT PUSHES YNU [N DIRED
INCREASING MERINIONAL CODRNDINATE,
PT

PAGE PuD

210 CONTINUE {PRESSURE)
NEXT THE DISTRIBUTED LOADS. IF ANY, ARE READ IN .4
VWbA¥A._"“migkm;; NPSTAT o R L 3 _ ;
MPSTAT = NUMRBRER OF POINTS ALONG MERIDIAN OF THIS ;
SHELL SEGMENT FNR WHICH NORMAL PRESSURE AND -
MERIDIONAL SURFACF TRACTION ARE 70 BE CALLED '
- . . 0UY. THESE LnNADS ARFE ASSUMED Tn ACT ON THE DR
REFERENCE SURFACKE,
IF NPSTAT = 0, THERE ARE NO DISTRIRUTED LOANRS IN TH]S
SHELL SEGMFNT,., *** GO 10 JG R
1F hLPSIA_T_:.{i THE DISTRIBHTED LOADS ARE UNIFORM IN
THiéﬂgﬁ;gkméf MENT. PN 4MD BT ZTLL HE READ.
¥ GO TO aa“Af:g
IF NPSTAT IS GREATER THAN 1, THE NORMAL PRESSURE AND :
MERIDIONAI SIRFACE TRACTION Wit RE § §
READ IN FQR CERTAIM CALLOUT PRINTS, — i
VALUES AT 41 MFRIDISNAT STATIONS WiLL
RE DETERMINEN BY |_INEAR [MVERPOLATION
BETWEEN CALIOUTS, THE IJSER MUIST INCLUDE
THE FIRST AND LAST POINTS OF THE SEGMENT
AS CALLQUTS, wkk GO TO 220 #*x*
?é{.\.,%,,mw A ST T e e e e - I S _ R [ U
[ 218 cnﬁiifﬂig (IINTEORM PN, PT)
DATA EI2.,8 *% PN #% (NPSTATZE)
DATA F12,8 %% PT %% {NPSTAT=1)
. PN = NORMAL PRESSIRE, POSTTIVE [F IT P SeES YOU (NPSTAT=1) "
TO THE RIGHT AS Y0ii i2avii 15 THE D{FRELTION OF
INCREASING MERIDIONAL ARCe 5. (PRESSURE)
ACTUAL PRESSURE IS REPRESENTED AY  THE SROGUCT
P = PNAF(TIME)
IN WHICH THE FUNCTINN 0OF TIME F{TIME) REMATNS
_TO _BE SPECIFIED,. . T R " S
PT = MERIDIONAL SURFACE TRaZTION ({SaME HNITS 4S5 PHIINPSTATZI)

TiON OF

9.
1S ASSOCTATED WITH THE SAME F(TIME} AS PN
ALTHOLIGH 1TSS AMPLITUNE MaY BRE DIFFERFNT FROM PN,

OF COURSE, FOR INSTANCE.

PN IS NOT.

xxx GO TN 230N *xx

PY CAN 8E EROD WHILE




o R

You are

Note:

Note:
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h //Seqmem 33
J

‘ /szmem 3

Segment {1}

s, Increasing Arclength

In this example:
PN is Positive

PN =+ 1.0, for
example, if the
pressure is uniform

Reference Surface

Pressure is considered to act on the reference surface.

If the pressure is uniform, it is best to use * 1.0 for
PN and let the time function F (TIME) give the magnitude.
Later on, the current pressure can then be read directly
from the output of the BOSORS5 main processor, without
the user having to refer back to the preprocessor for
post-run calculation of PN x F(TIME). Input data for

F{TIME) is to be read in below.

Y




220
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CONTINHE (NPSTAT,.GT,. 1)
NEXTy FSTABLISH | DCATTONS ALONG THE MERIDTAN WHERE
PRESSURE AND MERIDIONAL TRACTION ARE CALLED OUT,,,.

SRRARRNRRRARANOTE, .., NUMBER OF CALLOUTS = NPSTAT  edddkkakdas

DATA

DATA

DATA

DATA

DATA

DATA

Y4 *ANTYPE** {(NPSTAT,GT, 1)
NTYPE= CANTROL INTEGER FOR CALLOUT SPECIFICATION., .

NTYPE=1 MESH POINTS WILL BE CALLED OUT DIRECTLY,

TF NTYPE = | %xx(GN TN A%%k*

NTYPE=2 AXTAL DISTANCES, 7. FROM DATUM CAILLED OUT
1F NIYPE 2 2 *®e%(i} T Rawxk

MTYPE=21 DISTANCESs R, FROM AXIS OF REV, CALLED QUT
IF NTYPE = 3 *axGN T0O (**x

NTYPE=u ARC LENGTHS, S« FROM SFEG, START CALLED ouT
IF NIYPE T 4  r¥G0 T0O Dwx

NTYPE=% ANGI FSs THETA, M DEGRFES FROM AXIS 0OF REV,
IF NIYPE = § k%xG0 TO Ewsex

{NPSTAT,GT, 1)

CONTINUFE
IDTA  **(IPOINT{J)e J21WNPSTAT) *%* {(NTYPE=1}
IPOINT= MFSH POINT NUMRERS OF CALLOUTS (NTYPEZ} )

RARGO TO FXAX
(NPSTAT,GT.1)

CONTINUE
AET?,8 *x( Z0dYe JZTWNPSTAT) ** (NTYPE=RZ)
7= AXTAL DISTANCES TO CALIAUTS, MEASURFED FHOM  THE (NTYPEZZ)
SAME DATHM AS THAT USED FOR THE SPECIFICATION (NTYPE=2)
OF THE MERIDIONAL GEOMETRY, (SHELL GEOMETRY) {NTYPE=Z)

AERGD TO Fhkx

CONTINUE (NPSTAT.GT, 1)
GE12.8 *x( Ri{J)e J=1¢NPSTAT) #*= INTYPE=Z3)
R= RADTAL DISTANCES FROM AXTS TO CALLOUTS INTYPEZY)

*RXGD TO FRAW
{NPSTAT . 6T, 1)

CONTTINIIE

GE12.8 *¥( S(Jls J=IsNPSTAT) #w INTYPE=4)
S= ARC LENGTHS FROM SEG. START To CALLOUTS  (NTYPE=ZY)

kRGO TH Fakw
CONT INUE INPSTAT,GT, 1)
GEI2.8 *%( THETA{J)e JZI¢NPSTAT) ** (NTYPEZS )

 THETA= ANGLES IN NEGREES FROM AXIS OF REVOLUTION  (NTYPEzS)

TO CALLOUTS, (NNRMAL TO REF, SULRF,) (NTYPE=S)
{PRESSURE)

CONTINUE




‘ THETA(4)
————

R{4)

IPOINT(1) =1

Datum = 7
Z(4) measured from same datum used to
specify geometry of current shell segment.

Page P43

Reference Surface

179 ]POINT(5) =17

o

IPOINT(4) =14

Normal fo Reference
Surface

In this example:
NPSTAT = 5

Caliout Points are 1,
4,9,14,and 17.
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NOW READ THF NORMAL ANP MERTNIONAL COMPONENTS, .,

DATA AEI2.8 %% (PN{.J)e JztsNPSTAT) #% {PRESSURE)
DATA GE12.8 ** (PT{J), JE1JNPSTAT) #% {MERTDIONAL TRACTION)
MPSTAT = NIIMRFR OF POINTS ALDONG HERIDTAN OF THIS

SHELL SEGMENT FOR WHICH NORMAL PRESSURE AND
MERINDTIANAL SURFACF TRACTION ARE CALLED DUT,
PN = NORMAL PRESSUHRE NISTRIAUTION AT CARLLOUT POINTS,
POSITIVE IF [T PUSHES Ynu TN THE PIGHT 4S5 YOI
TRAVEL IN THE DIRELTIMNN AE INCHEATING MERTIRIAONAL ARC,
ACTIHAL DISTRIRBUTION NRTALINED RBY 1 INEAR INTERPOLATION,
ACTUAL PRESSHIRE IS GELRESENTERN BY THE PRODUCT
P = PR®F{TIME}
IN WHTCH THE FUNITIAON OF TYME FIYIMET BEMATNS
TO RE SPECIFIED.. ... ... . L
PT = MERIDINNAL SURFACE TRACTIOM,. PASIYTIVE TN SAME
! DIRFCTION AS INCREASIMG MEFRIDIANAL ARCs S,
iiziJ/ CONTINUE (PRESSURE)
DATA T6 %% ISTEP({ISEG) ** (POINTER)

1STEP= CONTROL TMTEGER ¢nf TIME FUNCTION 70O RE ASSOCTA=
TED WITH NORMAL PREGSURE AND MERIDIONAL TRACTION,
NOTE THAT THE SAME TIME FUNCTIONM IS 70O RE
ASSOCIATED WITH BOTH BN AND PT, BUT THAT DIF=~
~FERENT TIME FUNCTINNG MAY BE ASSOCTATED WITH
PN AND PT TN DRIFFERENT SHELL SEGMENTS
ISEG = THF CURRENT SHFEIt SEGMENT NUMRER,
NOTE,,, THE TIME FUNCTION THMOICATOR., ISTEF{ISEG) 15 4
POINTER WHICH WILL CAHSE THE APPROPRIATE FUNCTION
OF TIME TN RE ASSNCTATED WITH THE DISTRIBUTED

CLOADS IN SFGMENT NO, TSEG, DIFFERENT TIME FUNCTIONS

CAN BE ASSOCTATED WITH THE DISTRISUTAD L0aDS N
NIFFERENT SHEILL SEAMENTS, THF X501 MNMATIHRE OF THESE
TIME FUNCTINNS WILL RFE SPECLFIED LaTER, RIGHT NOW,
ALL THF USER NEED NO 1S SPECIFY i+ £9 3 OR

OTHER SIMPLF INTEGER, START WITH AN APPROPRIATE

bttt -t

VALHE. WHICH DFPENDS 0N WHAT NTHER 1 0ATS HAVE e e e

ALREADY REEN SPECIFTEN IN THIS CASE UP 70 NOW,
1€ NO LOANS HAVE REFN PREVIOUSLY SEE(IFIEDN (N
THIS CASEs SET  ISTER{TISEGY = 1

EACH TIME A NEW TTHME FUNCTION TS5 TO BE INTRODUCED,
HESF A HIGHER INTEGFR (HIGHER 8Y |} THAN HaS EVER
REEN USED BEFDRE TO SPECIFY THE TIME YARIATION
OF ANY [L.DADs WHETHER IT BE FOR A PREVIDUSLY
SPECIFIED LINF L0OAD, DISTRIBUTED LOAD, 08 TEM-
PERATURE DISTRIBRUTINN, THIS WORD EREVIOUST
INCLIIDES LDADS SPECIFIEN [N PREVIGHS SEGMENTS

AS WELL AS THOSE SpECIFTED PREVICUSLY IN THE

CCURRENT SEGMENT o o e e e

NOTE,.o'NEW TIME FUNCTINN? MEANS A DIFFERENT FIINCTION
OF TIME THAN HAS BFFM SPECIFTED FREVIOUSLY, (PRESSURE)




A

EXAMPLE

—_0 0P -
g O '
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s, Increasing Arclength

In this example:
PN(S) is positive
NPSTAT =8

Callout Points are:
i, 5,9, 14,18, 21, 24
and 26.

-Ordinary Points

Cailout Points

A"T, Positive in this example

/s

OF PRFSSURE INPUT CORRESPONDING TO AROVE FIGURE

I8 24 30 36 b2 ug sS4 &0 b6 T2
e . .. NPSTAT
NTYPE
9 R ta el 24 26 (iPO!NT{J)od:!»NPSTAT}
G-RG i.O 0.7 Opéq GuﬁT (pN{J)Gdzl’b,

0,%9 (PN{J) ¢ JETe8)
0.0 0.0 0.0 0.0 0.0 (PT(J)edu1sb)
(PY(J)ed=Tse8)

0.0 - 1STFP(ISEG)




240

DATA

DATA
DATA
DATA
DATA
DATA
DATA

CONTI

1A

AE12.
&E12,
ARE12.
1016
10164
1016

NUE
NEXTe

*x | IN

LINTYP
LINTYP

{REMEM
WITH
DISCR
A LIN

tF LIN
8 **{V(K

A **({HF (
A RE{FM(

*X(TSTEPI(K),

*R{IST
*x(IST

MRINGS
v .o A
A
R
s
L
)

HE

1]

FM

MOTE,. T

!
R

ISTEP
ISTEP2
ISTEP2

NOTEL.I #*

READ IN THE LTNE LOARS FOR THIS SHELD SEGMENT,,

Y % e e e s

= 0 MEANS NO LINE | NADS
& | MEANS THAT THERE ARE LINE {0ADS

BER THAT LINE LOARS MUSTY ALWAYS BE ASSOCYATED

A DISCRETE RING, IT MAY RE A FIITITIOUS

EYE RING, HYDROSTATIL PRESSURE MAY FGEFNERATES
E LOAD V=PR/2y THUS REQUIRTING HSES TO SET LINT

"'“’*‘*mv/

TYpP 2;§ *hk (0 TO 250 *E%

b

}s
K
Ko

EP2(K )
EP3(K)s

H O

FERERKR X

-

XTAL LINE LOAD THRU RING CENTROID, POSITIVE

S SHOWN IN FIGURE,

ADTAL L INE LOAD THRU RING CENTROID. POSITIVE AS
HOWN IN FIGURE

THE MOMENT ABOUT RINA CEMTROID. POSITIVE A%
HOWN IN FIGHRE,

HE ACTUAL LIME LOADS ARE REPRESENTED @y mannng
VERF | (TIME) s HF*FI{TIME . FMAEI({TIHF}
N WHICH THE FUNCTTIONS 0F TIME Fi.FZ2, anh £73

PAGE Pué
(LINE 1.0ADS)

.

YpP

i

= NUMRER OF DISrRETE RINGS I8 cUREFENT SHED SEGMENT,

1}

s NEINGS Y #% (axipalL LDAD/LENGTH])
sNRINGSy #x (RADIAL LOADS/LENGTH)
+NRTNGSY *% {MEATIDIONAL MOMENT/LENGTH)
yMRINGS) **% {POINTER)
s NRINGS ) =% {POINTER)
e NRINGS ) %k {POINTER)

EMAIN TD BE SPECIFIFD, {LINE LOADS) .

CONTROL INTEGFR FOR YIME FUNZTION OF ¥
CONTROL INTEGER FOR TIME FUNCTION OF HF
CONTROL INTEGER FOR TIME FUNCTION OF #11

THE TIME FUNCTION INDICATNARS, ISTERPI,ISTERZ,
AND ISTEPILARE POINTERS WHICH Wil (AUSE THE
APPROPRIATE FUNCTIONS 0F TIME 70 HE ASTOCTATED
WITH EACH OF THE LINF LOADS. DIiFFERENT TIME
FUNCTIONS CAN BE ASSOCIATED WITH FACH OF THE
LINE LOADS, THE FXACT NATHRE OF THFSE FI™ME
FUNCTIONS WILL BRE SPECIFIED LATER, RIGHT NOW,
ALL THE USER MEED DO IS SPECIFY 0, s Ze¢ 3p OR
OTHER SIMPLFE INTEGER, START WITH AN APPHNPRIATE
VALIE, WHICH DEPERNDS NN WHAT NTHER 1L0ANS HAVE
ALREADY RBEFEN SPECIFIFND IN THIS ASE {IP T NOW,
USE THE VALUFE 7ERO IF THERE IS M3 LINF LOAD OF
THAT PARTICULAR TYPE cwww o
{E.G. ISTFEPR2(K) = 0 IF HF(K) = n,0)
IF NO LOADS HAVE PREVIONSLY REEN SPECIFIED, SETY
THE FIRST "MEANINGFEUL P [NON=ZFRG] ISTEPI{K; ne
ISTEP2(K) OR I5TFBIIK) FOUAL F0 UMY YY)




Yeou are here

Segment (1)

NOTE;

Page P47

Remember that for
hydrostatic pressure

V = pr/2

at a boundary., The
user must supply this

V. Note, however,

that the time function
pointer, ISTEPI( },
corresponding to V = pr/2
will have the same value
as the pointer, ISTEP
(ISEG), corresponding
to p. Don't forget the
fictitious ring if there

is no real ring! Also,
see bottom half of Page
P21

Discrete Ring

(1) Line loads are shown in their positive directions in

this figure;

(2) Line loods are assumed to act at the discrete ring

centroid.

[
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EACH TIME A NEW TIME FUNCTION IS TO BE INTRODUCED,
USE A HIGHER INTEGFR [HIGHER RY 1) THAN HAS pyER
REEN USED BEFORE TO SPECIFY THE TiME VARITAT iDy
- OF ANY LOADs WHETHER IT BE FOR A PREVIOUSLY
SPECIFIED LINE 1 0AD. DISTRIBIITEN LOAD: OR TFMw
PERATURE DISTRIRUTION, THIS WORD 1PREVIOUS?
INCLUDES LOADS SPECIFTED IN PREVIOUS SEGMENTS
AS WELI AS THOSE SPECTIFIED PREVIOUSLY IN THE
CHRRENT SEGMENT,

NOTE., .. '"NEW TIME FIINCTION' MEANS A NIFFERENT FUNCTION
OF TIME THAN HAS REFN SPECIFIED PREVIOQUS| Y,
(LINE LOADS)
NOTF,.,.IF THERE IS AN AXIAL | INE LOAD  V(K) WHICH ARISES

BECAHUSE OF HYDROSTATIC PRESSURE, THAT 19, 17

. e e LK) D PNR*R /D . _
THEN ISTEPI(K} SHOILD EQUIAL ISTERIISFO Y, wnig
1S THE POINTER ASSNHCTATED WITH THE PRESSURE TimME
FUNCTION IN SHELL SEGMENT ISEG. ALSO; SEE THF EXw
AMPLE ON THE FACING PAGE,
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EXAMPLE OF LINE LOAD INPUT

‘#' (1)

Mg= + 30 «{constant)

‘= +30% fzfi)
, -t
V3 =+ 5 (constant)
| = +5uty(1) By
p=pof1($ )= —1tfi(t )
—r
© o WEpr /2= -13ef (1) 10
r,=26.0 -t

INPUT CORRESPONDING YO ABOVE FIGURE (NRINGS = 4, SINCE THERE ARFE TwO
FICTITIONS AND TWO REAL RINGS,)

CoL., 6 12 18 2u 30 36 u2 48 Sl 60
i LINTYP |
13,0 0.0 5.0 N.0 (V(K) oKzl +NRINGS! !
0,0 0,0 0,0 n,0 {HF (K)o K= 1y NRINGS'
0.0 0.0 n.0 30.0 (FM(K) KTl ¢+ NRINGS'
| n ? 0 (ISTEPI(K)sKz | oNRINGS |
g_. .0 B T « I e i L ISTEP2(K) 2 X3 s NRINGS.
0 n 0 2 (ISTEP3({K} K|+ NRINGS
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250 CONT INUE ESHMELL WALL PROPERTIES)

NEXTe READ.IN PROPERTIES 0F THE SHELL WALL “aicviac.,,.

DATA 416 %% NALRED(ISEG)s NPLAST(TSFE s NCREFP(ISER) . NMAT([SEG) #w
TSEG = CURRENT SHELL SEGMENT NUMBER.

NALRED= CONTROL INTEGFR ,... (SHETL WALL)
NALRED = 00 MEANS SHELL WALL MATERJAL PRAPERTIES
HAVE NOT BFEM PREEVIOULSLY SPECIFIED,
NALRED = | MFANS THAT SHELL WAL!L MATERTAL PRAPERTIES

HAVE REEN PREVIOUSLY SPEr 18180,

TMPORTANT NOTE,., EVEN IF THE &apip Waty a7
SEGMEMNT 1S THE. SAME 45 92
FIED DISCRFTE RING “MATFR1AL
HAVE TO SFT NALRED(TSECG) = 1 18 THIS
MATERIAL HAS MOT BEEN SPECIFIED A% WALL
MATERTAL FOR A PREVIGUS SHEI L SEFGMENT,
TN BOSORS, COMPLETFLY SERARATE ACCOUNTS
ARF MATMTATNED FRR SHELL Whtl MATERTALS
AND FOR DISVREYR BInG MATERIAL T,

NPLASTZ CONTROL INTEGER FOR PLASTICI T Y quana {SHELL WALL)
NPILAST = 0 MEANS THIS SFGMENT REMAINS FILASTIC
NPLAST = | MEANS THAT THIS SEGMENT MAY 6N
) . BLASTIC, :
NCREEPZ CONTROL INTEGER FOR ¢REEP, ..., PEMET ] WALL)
HEEIE S = i ¥

NCREFP = D MEANS THIS SEGMENT nngs
NCREEP = | MEANS THAT THIS SEAGMENT

TMPORTANT NOTE,, IF NCREFER=2 1 THER MPLAST =09y = LEN I

NMAT = CONTROL INTECGER B0k Tvee nr # EY#EHTAY L shest L WALL)D
FOR A LAYFRED SHFELLs THF MATERIAL T¢2:3% OF ALL
ILAYERS ARE INDICATFD IN THIS OGHE W0OHED. NMAT,
UP TO 6 DIFFERENT MATERIALS CAN BE SPECIFIRD,
THE SHELI MAY CONSTST OF UP TO 5 i AYERS,

- FOR EXAMPLE, THE MATERTAL SPECIFICATION 0F A -
SHELL OF FOUR LAYERS MAY BF  KNMATIISEAR) = 313173,
THIS MEANS THAT THF LEFTMOST {AYER 1% AF MATERTAL

Iy THE SECOND LAYER 1S 0OF MATERJ&L 2, THE

THIRD LAYER IS OF MATERIAL 1+ AND THE RIGHTMOST
LAYER IS OF MATERIAL 3, SEE THE FIGURE,

(HERE 'LEFTMOST! AND 'RIGHTMOST' ARF RASED ON
THE ASSUMPTION THAT WF ARE FACING IN THE
DIRECTION OF INCRFASIHNG MERINTIONAL ARrC, S
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[ /Segmem‘ 3\'
| /)
/Seqmem f@

Segmem (1

s, Increasing Arclength

. Material Type 1

"Leftmost"
L .
| ayer Material Type 2
Material Type 1
Material Type 3

"Rightmost” Layer
In this example: LAYERS = 4
NMAT(ISEG) = 1213
LAYERS =4




DATA

DATA

260

DATA
DATA
DATA
DATA
DATA
DATA

S s
—
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)‘V)/
i;hé %k | AYERSe NTYPET %% {SHELL WALL}

EAYERS = NUMBFER OF LAYERS TN [HE WALL OF THIS SEELL

SEGMENT, UP TO & LAYERS CAN HE HANDLED, IF
THE SEGMENT REMAINS FLASTIC. FEACH [ AYFR CAN BRE
ORTHOTROPIC, IF THF SEGMENT GOES PLASTIC.
EACH LAYER CAN RF ETTHER ISOTROPIC OR CAN

HAVE UNT=DIRFCTIONAL PROPERTIFS, SUCH AR

WOULD BE THE CASE IF 'SMEARED' RINGS OR
MERTIDIONAL STIFFENERS WERE REIMG MODELED AS

A SHELL LAYER OR LAYERS, { IN FACT THIS 1%

THE ONLY WAY THAT YOU CAN MODFL SMEARED RINGS
AND STRINGERS IN RNASORS, ,SORSY ASONUT THAT..,)

IMPORTANT NOTE,. ILLAYFR NUMRER | 1S THF 1 FETMAST { AYSR,

AND LAYER NUMBER '[AYEH® IS THE HIGHTMOST
LAYER, LEFT AMD RIGHT ASSHME wE 20F EACTNG
IN THE DIRECTINON NF INCHEASING MEQINDTONAL
ARCe %, (SHELL WALL)

NTYPET = CONTROL TNTEGFR FOR THICKNESS VARIATINN ALONG

TF NTYPFT = (o %%% GO TO 240 *w*

6ET2,8 *x

THE MERIDIAN OF THTIS SFGMENT,,,.,
NTYPET = 0 MFEANS THAT ALL [ AYFRS AFE ~p
CONSTAMT THICKMNESS,
NTYPET = | MEANS THAT AT LEAST ONE LAYFR HAG
THICKNFSS WHICH VARIES IN THE

MERINDTIONAL NIRFCTINON,

IYARIARIE THICKNESS)

GETANT THICKNESS)

oy

(TUT)s IZm1 LAVYERS) &%

TEI} = THICKNESS OF ITH { AYFR {CONTTANT INTYPET=U)

MOTE.. LAYERS NUMBERED FROM | EFT 710 RIGLT 44

CONTINUF

BET2,8 **
GET2.8 %%
AE12,8 *x
AET2,8 *%
bE12,8 *x
GF 12,8 %%

]

FX

£y

HIXY
ALPHAL
AL PHAR

5“ LT O T 2§ O ]

i s s s ]

~ N ] S
% OWE e AR

IN THE DIRECTION OF INCREASING MERIDTONAL ARC. S,

(SHELI WALL MATERIAL PROPERTIES)

S G0L) e T2l AYERS) *% e e

t

( EX{I)s IZ14LAYERS) *¥

{ EY(I)e I214LAYERSY +w

( UXY{T1)e I=1LLAYERG) *% NOTE, . JEY®IIXY 2 EX*iYY

{ALPHAN(1)s IZ1 L AYERS) %
(ALPHAZ(I)y I2141LAYFRS) *%
-iJ%“L . e
SHEAR MODULUS ( E/Z(2(1aNl1)))
MODUL US OF ELASTICITY 1N MERIDIONAL DIRFCTITION
MODHLUS OF ELASTICITY IN CIRCUMFERENTIAL BIRECTION
POTSKONIS RATIN
THERMAL EXPANSION ¢cDEFFTCIENT FOR MERTIDTONAL EXPANSION ;
“EﬂﬁﬁﬂALwEKPANSLQ&WQQEEFIQLEQIMEQB,QlﬁgﬂﬁnVﬁiﬁﬁﬁﬁlgﬁmwk,_wu_f
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IF THE SHELL WALL MATERIAL STRESS=STRAIN CURVE(S)
HAVE ALREADY REEN READ IN AS SHEL)L MATERIAL. THAT IS,
1F NALRED(ISEG) =ils #%% GO TO 300 **%
. L e+ e NI .
I¢ THE SHELL WALL MATFRTAL DOES NOT GO PLASTIC AND

DOES NOT CREFP, THAT ISy TF NPLAST(ISEG) = 0 .
k% L0 TO 300 w4

(STRESS=STRAIN}

THE MULTI-DIGIT WORD NMAT(ISEG) IS DISSECTED _INTQ ITS COMPONENY
SINGLE DIGITS. | THRL 6+ AND EACH NF THESE SINGLE DYGITS 1S
STARED AS A SEPARATE WORD IN THE ARRAY
MPROP(I)s I=!.LAYERS, THESFE DIGITS ARE

MONITORED SO THAT BOSORS ALWAYS KNOWS HOW MANY DIFFFRENT SHE!L
WALL MATFRIALS HAVE BEEN SPECIFIEND TN ALL PREVIOUS SEGMENTS,
{NOTE THAT DISCRETE RING MATERIALS ARE NOT INCLUDED IN THIS
ACCOUNTING, RING MATERTALS ARFE HAMDLED SEPARATELY. AS DES~

SCRIBFD ELSEWHERE,)

IN THE FOLLOWING DO«LODPy THE STRFGSS=-STRAIN CURVES AND/NR CREEP
PROPERTIES FOR ANY NFW MATERIALS ARF READ [N, BOSORS KNOWS
THAT ¥HF MATERIAlL OF THE ITH LAYER IS NFEW IF _MPROF(1) 1S LARGER
THAN ANY PREVIOUS VAILUE OF MPROP, THIS COMPARISON INCLIDES
VALUES FROM PREVIOUS | AYERS IN THIS SEGMENT AS WELL AS VAL LES

FROM Apt PREVIDIS SEGMENTS,

NEXTs RFAD IN STRESS-STRATN CURVES FOR ALL SHELL WALL
MATERIALS INTRODUCED FOR _THE FIRST TIME IN THIS CASE,.,,

EXAMPLE:

Suppose that NMAT(ISEG) = 1213 (LAYERS = 4)

Then, MPROP(1) = 1
MPROP(2) = 2
MPROP(3) =1
MPROFP(4) = 3

If this is the first segment {(ISEG = 1), stress-strain curves will be read
in for the first, second, and fourth layers, but not for the third layer
because the stress-strain curve for the third layer is the same as that

for the first layer.

If this is the second segment (ISEG = 2), and the first segment consists

of a single layer of material type 1, that is NMAT(1) = 1, NMAT(2) = 1213;
then stress-strain curves will be read in only for materials of type 2 and
type 3, because only these materials are appearing for the first time as

shell wall materials.
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xkkkk® DO PRO 1 T [oLAYERS #xddhkikitk (LOOP FOR STRESS-S5TRAIN)

1F THE STRESS=STRAIN CUWVE FOR THIS SHELL WALL MATERIAlL MAS BERN

PREVIOUSLY READ IN, THAT 15,... R . e :
1F  MPROP(1) = SOME PREVIOUSLY SPECIFTEDN MPROP, **% G0N TO 280 **4

DATA 316 *% NPOINT, NITEGs ISSFUN *%* s AT (STRESS=STRAIN)

NPOINT = NUMBER OF POINTS !SED FOR SPECIFICATION OF
THE STRESG=-STRAIN (URVE, DONIT FORGFY TO
INCLIIDE THF (0«0) POINT,

NITEG = NUMHER OF INTEGRATION POINTS TO RE {ISED FOR
INTEGRATION THRIN THIS LAYFR, HSE S NR 7 OR 9

TSGFUN = CONTROL INTEGFR FOR SPECIFTICATION OF FFFECTIVE
STRAIN AS A FUNCTION OF EFFECTIVE STRESS s v e

ISSFUN =0 MEANS THAT EFFECTIVE STRAIN WILL . . Wl

BE READ IN POINT RY POINT,
| MEANSG THAT EFFECTIVE STRAIN WILL
RE C&LCULATED FROM A CERTAIN
FORMULA WHICH CONTAINS THE EFFECTIVE
STRFSS TO A POWER 'PNWER!  AND
THE YIFLD STRESS OF THF MATERTAL, SYP

#

TESFUN

1F ISSFUN T 0, *%% GO TO 270 ***

DATA 2E12,8 ** SYP, POWER ** {STRESS=STRAIN)

YIELD STRESS OF THE MATFRTAL (0,2 PER (ENTY
POWER 1IN THE POWER 1| AW FOR FFFECTIVE STRATH
AS A FUNCTION NF EFFECTIVE STRESS, STFEE S (LT INE
CFBRS FOR THE ACTHAL FnexMiLA USED {€aRs UFH5in40)
THFE USER CAN CHANGF THIS FORMULA TO SUHTT HIMSELF,

SYP
POWER

it 1

*kk GO TO 275 **x
270 CONTINUE

DATA AE12,R ** (EPEFF (L) LSFNPOINT) **
FPEFF = STRAIN COORDINATES OF STRESS=STRAIN CURVE

$ToESS=STRAINY |

275  CONTINUE

DATA 6HE[2.8 ** (SGEFF(L)e LZ14NPOINT) **
SGEFF = STRESS COORNDINATES OF STRESS«=STRATIN CURVE

280  CONTINUE

IF THIS SHELL SEGMENT DOES NNT CREFP, THAT IS....

* . ___{NO CREEP)

16 NCREEP(ISEG) = Qs X** G0 TN 300 ¥*%x ..

(END OF DO-L00P FOR STRESS=-STRAIN)
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SGEFF(L)
)
s 5 - :
2 In this example:
NP@INT = 7
1 - EPEFF(L)
MAT'L 1 N
L0 30000~—? °
! %; i MATERIAL 1
. § ;
4.0 0% 5003 N1
| o, |
¢ | 075 i iMATERIAL 2
2 S
—f=—3.0 !
7500 —» .
O €
2
(a) ACTUAL (b) BPSPRS MODEL 0003
Aluminum shell with 2-Layered shell. Materiol 1 is aluminum.
aluminum rings to be Quter layer has hoop Material 2 has stiffness
treated as smeared. stiffness only. only in hoop direction,

INPUT DATA CORRESPONDING TO AROVE FIGHRE, ASSUMING NEITHER MATERTAL HAS
HEEN PREVIOQOUSLY SPECIFIED AS SHMELL WAL! MATERIAL

. COL. 6 t2 I8 2u 30 36 y2 us 54 40 &6
¢ { D 12 NALRED(ISEG)s NPLAST(ISEG) . NCREEFPIISEG)Y . NMAT{ISEG) |
2 n ILAYERSs NTYPEY !
0.75 3.0 (T(I;.l:n.gnvgas)g
40000nn,.n n,n {GITyeIZt+LAYERS)
jooo0oon,n N.n (EX{TleTmlo| AYERS)
{ooonaen.o 2500000.0 . . . o - . AEY{I)eI=zisLAYERS]
0,32 n.n (IIXY{T)elZ i« LAYERS)

(ALPHAL(T) s 121 +LAYERS]

0.00000% 0.0
(ALPHAZ(I)sIZ1eLAYERS! |

6,000008 0.00000%

3 5 n NPOINTs NITEGs TSSFUN (MATL !
0.0 0.0073 0,100 {EPEFF(L)eLSHoNPOINTY (MATL ]
6.0 . 3p00n,0. . .30000.0 . |SPEFF(L).LZ14NPOINT) {MATL b’

3 5 0 NPOINTy NITEGs ISSFUN {(MATL 2°
0.0 0.003 0,100 (EPEFF(L)+LuisNPOINT) (MATL 2
0.0 T500,0 TR800.0 (SPEFF (L)Y L=1oNPOINT) (MATL 2
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NEXTe READ IN (REEP PROPERTIES FOR ALL SHELIL MATERIALS
INTRODUCED FOR THE FIRST TIME IN THIS CASFE, ..., {CREER)

LXERAEAR DO 260 I = JLLAYERS ¥wkwxx (D01 00P FOR CREEP PROPS) ..
IF THF STRFSS«STRAIN CURVE FOR THIS SHFLL WALL MATERIAL HAS REEN

PREVIOQUSLY READ INs THAT IS,,.
IF  MPROP(1) = SOME PREVIOUSLY SPECIFIED MPROP, *%x%x Gn TO 290 *x*

DATA 5E12.,8 ** DUMMY, CREEPN: CREFPM. (REFPA, CREEPR *x* {CREEP) _

PHMMY = NOT USED. READ IN ZFRO
CREEPNs CRFEPM, CRFEPA, CRFEPB,, SEE THE SHELL WALL
MATERTAL C(REEP LAW GIVEN ON THE OBPOSITE PAGE.
USER WILL ORDINARTILY SET (CREEPR = 0,0
290 CONTINUE . {END QF DO=-LOOP FOR (REEP PROPERTIIES)

CONTINLIF {SHELL WALL)
IF ALL SHELL WALL LAYERS ARE OF CONSTANT THICKNESS IN
THIS SEGMENT THAT 1Se IF NTYYPET = 0. *%* ;0 ?ﬂ’?&ﬂj***
!

300

NEXTs READ DATA FOR VARIARLE THICKNESS,,,.

DATA 14 AENTINx* (VARIABLE THICKNESS)

NTIN = NUMRBER OF MERIDIONAL STATINNS FOR WHICH THICK
NESSES OF Al L LAYERS WILL RF RFAD IN, THICKNFSSES
WILL THEN RE DETEAMINEN AT ALl MESH DOINTS M THIS
SEGMENT RY | TMFAR INTERPOLATION BETWEEN 2ATNTS
WHFRE THESE THICKNFESES ARE SPECIFIED,
REMEMBER T0O INCLUNE THE FIRST aND LAST oninTs
IN THE SEGMENT AS CALLOUT POINTS,

NEXTy DETFRMINE LOCATINOMS ALONG MERIDIAN WHERE THYICKNESSES

OF ALL LAYERS WILEL BE SPECIFIFD .. v
EAXRNKNKARKXANOTE, ,, NUMBER OF CALLOUTS = NTIN #hkxexkdktdrts

DATA 164 *ANTYPE A% {VARIABLE THICKNESS)
MTYPEzZ CONTHROL INTEGER FOR CALLOUT SPECIFICATIONG G «os

NTYPEZt MFSH POINTS WILL RE CALLED QUT NIRECTLY,

IF NTYPE = | ARG TO ARk

NTYPE=2 AXTAL DISTANCES, 7y FROM DATUM CALLED OUT

TF NTYPE = 2 XA %50 T() Raxk

NTYPE=3 DISTANCES. Rs FROM AXIS OF RFY, CALLED QUT

IF NIYPE = 3 #%%G0 TO (%%x S o

NTYPE=zZ4Y ARC LENGTHS. S+ FROM SEG, START CALLED OUT

IF NTYPE = 4 R*EGN T Dkt

NTYPE=S ANGLES,y THETA, TN DEGREES FROM AYIS OF REV,

CIF NTYPE = §  #%¥GD TO Fans :

A CONTINHIF {VARITARLE THICKNESS)

C DATA 1016 ®®(IPOINT(Jls JZIsNTIN} %%

TPOINT=Z MESH POINT NUMRERS NOF CALLOUTS {NTYPE=])
*XhEGO TO Frux

CANTYPE=1)

T N o o S R 1

P N 8 R,
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SHELL WALL MATERIAL CREEP LAW;

E¢- (%)M(f + fo)N

CREEPM = M (Floating Point)
CREEPN = N. . (Floating Point)
CREEPA =0y /'  (~0.2% Yield Stress)
CREEPB = t,
WM& oA

s, Increasing Arclength

In this example:

NTIN = 8

Callout Points are 1, 8, 10,
12, 15, 21, 22 aond 24
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B CONTINUE {VARTABLE THICKNESS)

DATA HE12.8 ¥ Z(J)e JEieNTIN) *=x (NTYPE=2)
72 AXIAL DISTANCES TO CALLOUTS, MEASURED FROM THE (NTYPEZZ)

SAME DATUM AS THAT USED FOR THE SPECIFICATION (NTYPE=2)

OF THE MERIDIONAL GFOMETRY. {SHELI GEOMETRY) (NTYPE=2)

KRGO TO Frkk

C CONTINUF (VARTARLE THICKMNESS)
DATA AE12,8 **{ ROd)e J=1eNTIN) ** fNTYPEZTY)
Rz RADIAL DISTANCFS FROM AXTS TO CALLOUTS INTYPERZY)

*AkXGO TO Frkx . . . e
{VARIARLF THICKNESS)

D CONTINUFE
DATA 6E12.R #*%( Sldle JZIeNTINY *% (NTYPE=WY)
Sz ARC LENGTHS FROM SEG, START TO CALLOHTS {MTYPEZ=N)

*hkGO TO Fhkx

{VARIARLE THICKNESS)

E CONTINNE
DATA AE12,8 **( THETA(J)s JZ)4NTIN) w* (NTYPEZR )
THETA= ANGLES IN DEGREES FROM AXIS 0OF REYDLUTIAN  (NTYPEZRS)
TO CALLONTS, (NORMAL TO REF, SURF,) L NTYREERS)

F CONTINUE i5HEL L Wabt)
NEXTe READ IN THICKNESSES AT SPECIFIED MERIDIONAL
LOCATIONS s L e

khkktxnk DO 0 1 = 1+LAYFRS dexdakhk

DATA G6EI2.,R ** (T(led)s JZToNTIN) #* | (VARIARLE THICKNESS)

NTIN = NUMBER OF MERIDIONAIL STATIONS FOR WHICH THICK=-
NESSES OF ALL LAYERS WILL RE READ IN,

TiYed) = THICKNESS OF ITH LAYER AT JTH MERIDIONAL

CALLOUY, MAKE SURF TO INCLUDE FIRST AND
LAST POINTS IN THE SEGMENT IN THIS INPHT,

310 CONTINUE ~ (VARTABLF THICKNESS)

353} CONTINUF (END OF MATERTAL PROPERTIES FOR THIS SEGMENT)
000 CONTINHE {END OF NO=LOOP OVER ALL SHELL SEGMENTS)

IF¥ THERF ARE MORE SHELL SFGMENTS, %%% GO BACK TO S #*#%
22 2 R 222322222333 233222233 2233233322282 X2f2 222002 a2 a2

e,y

A e e
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Reference Surface

THETA(4) I7Tp<]POINT(5) =47

" 6
d Rid) SFIPOINT(4) =14
t "Leftmost" Normal fo Reference
Z(4) = Surface of Surface
"Rightmost"
Surface of
Shell
| N IPOINT (1) = 1
In this exomple:
NTIN=5
Datum~=- Callout Points are 1, 4, 9,
Z{(4) measured from same datum 14 ond 17.

used to specify geometry of the
current shell segment.

s, Increasing Arclength

T(3,J+1)

(3,4}

Go Back to 5
s G0 Back to 5

Now Finished Seg 1
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{LOADING TIME FIINCTIONS)
NMEXTs READ IN DATA THROUGH WHICH VARINUS TIME FUMETTNANG
CORRESPONDING TO VARIOHS LMNADS AND TEMPERATIIRE AHE
SPECIFIEDS . . .

DATA T6 *% TUTIME =%
CONTROL. INTEGER,,.

TUTIME =t MEANS THAT THE TIME INCREMENT NNES NAT
VARY TN THIS €ASE,

THTIME = O MEANS THAT THFE TIME IMCREMENT VAWIES
IN THIS CASF,

IF  TUTIME = Qs  **% GO 10 jUQ3 #%=
DATA  2F12,8 %% DTIME, TMAX #%

DTIME = TIME INCREMFNT
TMAX = MAXIMUM TIME IN THIS CASE

ek GO TO 100§ #x%

1003  CONTINUE

(VARTARLE TIME INCREMENT)
FIRST, DETERMINE THE TIMC [NCREMENTS TH nF 1SEp
THROUGHOUT THE TIME HISTARY NF THE CASE,......

;T

DaTA 16 *E NTIME *# ETIME STEPSS

MYIME = NUMHER OF FOINTS IN TIME FOR WHICH THE Timp
INCREMENT IS T0 BF SPECIFIED,  THE TInMp
TNCHERENT AT EVERY POINT 1M TIHE 195 Terg
AUTOMATICALLY DETFRMINED RBY L INCAW INTERPO| Aw
TION BETWEEN TIMES FOR WHICH THE TIME INCREMENT
IS SPECIFIED, SEF THE FIGIHRE FOR AN EXAMPLE,
NTIME MUST RE GRFATER THAN OR EQUAL TO 2 AND

LESS THAN 50,

DATA AE12.8 %% (DTIME(I)s IZ|4NTIME) %% {TIME INCREMENTS)
DATA BE12,8 ** ( TIME({I)y I=1,NTIME} #% (TIME CaLLOUTS)

PTIME({1) = TIME INCREMENT DIRECTLY FOLLOWING TIME(L),

TIME(I) = POINT IN TIME FOR WHICH DTIME(T) IS SPECI=-
FIED, SFE THE FIGURE FOR AN EXAMPLE, TIME
INCREMENTS VARY | INEARLY FOR TIME STEPRS WHTCH
OCCUR BETWEFN TTIME(T) AND TIME{(T+}),
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TIME, 1
0 10 20 30 40 S
)
i § ! ! !
TEMPERATURE 2 ¥
T,(s)f (1 -
L P ) ]
-loooo L o
5
PRESSURE 10000 {
Rls)t(1)
&(5)’*].0 : 3 4
S, 50001 ]
oli 2 ; s
TIME INCREMENTS
. see
dt
o 60 | di, ’
260 40 |at d'2
' ' 2 disthtacty
3/10.0 L6667 | diy "
4/15.0 16667 | diy L2 "
5| 16.6667| 3.3333 | dt, 2 dt
6200 |50 dity 5 di
7(25.0 {l0.0 dig ° diy | dty| di-| diy | dt
8|350 |30 |diy e e
3:50.0 3.0 at.,
f , Wl g 1, ta ',

EXAMPLF OF LOADING TIME FUNCTIONS CORRFSPONDING TO THE FIGURE ABOVE

LCOLo ) > ie 2y 39 36' us- - ga_ R ,1éww

0 P —_— — e e JIMTIME
9 NTIME
6.0 b0 I s 6667 | sBBAT 3,333 S.0(DTIME(I}eIZ196)
10.0 1.0 3.0 . (DTIME(])412T7.9)
0.0 6,0 10,0 is,n 16,6667 20,0 (TIME(T)1I21,46)
25,0 5.0 50,0 (TIME{T) 12749}
e e S e e NETIME

o =2000,0 «2000.0 {(Flled)ed2IeNPOINT(I))
) &,0 50.0 : : (Tlladlad=1+NPOINT( 1))
0 0.0 5000.0 5000.0 10000.0 (F{24J)oJ=T«NPOINT(2))
a ta,a 15 .1 35,0 SO0 (T{2ed)eJel+NPOINT(2))

3 5 {NPOINT(T)+1I=21sNFTIME)
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1005  CONTINUE [LOADTNG TIME FUINCTIONS)

NFXTe SPECTFY THE VARIOUS TIMF FUNCTIONSawssaa.
NATA 1% *x NFTIME *x - (TIME E(NETIONS)

NFTIME = NUMRER OF DIFFERFNT FUNCTIONS OF TIME, FOR
EXAMPLEy YOU MAY HAVE A CASE INVOLVING A
TEMPERATURE DISTRIRUTTION WHICH IS CONSTANT WITH
TIME AND A& PAFSSIIRF NDISTRIRUTION WHICH VARIFS
WITH TIME, TN CUCH A CASE, NETiME = Je STNCF
THERE ARF TWO FIINCTTONS OF TIME-=0ONE FUNCTINAN
A CONSTANT AND THE NTHER A VARYING MIANTTITY,
NFTIME MUST RF EQIIAL T0 THE HIGHEST VAILIE OF ANY
OF THE tPOINTERS: IRTEMPLTISEG, (Tie. togs .,

CISTEPI(K)y TSTERP2(W ;s ISTEPY(K}, Wik WERE
SPECTFIFN TN YHE SECTIONS N8 g nan Au
TEMPERATURE TNPUT, (IDTEMP(ISEGE ON PAGE w3IR,
ISTEP(ISEG) ON PAGE PHu, AND ISTEP K,
e ~ ISTEP2(K)e ISTFPI(K) ON PAGE PUuA!
DATA 1016 %% (NPOINT(I)s T2t NFTIME: ww

NPOINT(T) = NUMBER OF FOINTS [N TEME AT «MiCH THE TH
TIME FUNCTION IS SPECIFIED. THIS FUNCTION
IS ASSUMED TN VARY LINEARLY FOR TIMFS REw
TWFEEN THOSE WHFERE IT IS CALLEN NI'T, SFF
THE FIGURE FOR AN EXAMPIE . w84 T1uT 15T ar g

GREATER THAM NR EQUAL TH 3 ANp (o9& Fras

OR EQUAL TN 89,

REXAEAX DO {100 1 = JoNFTIME *wxmenx EFIME FUNCTIONSY

ST

METIME = NUMRER OF DIFFERFNT TIME FUNCTI0NS L .

DATA GE12,8 *% (F(T.J)y J= [4NPOINT(]}} #% £ F{TIME})
DATA 6E12.8 **% [T{ls+d)y J= 1 4NPOINT(])) *%* { TIME )

FEIsJd) = VALUE OF ITH TIMF FUNCTION AT TIME TiTeJy,
THIS _FUNCTION VARIES LINEARLY BETWEEN e
TCIed) AND T(TaJsi} :

TtIed) POINT IN TIME TO WHICH F(T4J) CORRESPANDS,

1100 CONTINUE e R e e ATIME FUNCTIONS)
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EXAMPLF OF LDADING TIME FUHNCTIONS CDRRFSPONDING

CoL. 6 t2 18 24 30 3h
0
9
6.0 4.0 P 6647 6667
10.0 3.0 3.0
0,0 6.0 10,0 15,0
25.0 5.0 50,0
. e . . I
3 5
800 -?Oﬂﬂ.ﬂ =2000.0
0,0 qf.D S0.0
0.0 0.0 S000.0 5004.0
0.0 o,n iIs.0 38,0

ug

3.3333

t6,6667

Hagon,n
S0.0

TIME, 4
0 10 20 30 40 £
0 T 1 1 1
|
TEMPERATURE 2
T (s )4, =
o{s)f{t) = _5000 -
-10000 L. -
PRESSURE IGO0
P(s)y(1)
Ryl )= -1,
s )=-1.0 ~ 3 4
S, 5000k -
oll 2 [ ;
TIME INCREMENTS
. see
dt
i o 6.0 |di, L
2160 |40 |a o2
’ ‘ 2 ity it
3100 | L6667 | dty "
4150 | 16667 dis L2 a
5| 16.6667| 3.3333 | dty 4 »
8200 |50 |dig 5 »
7125.0 [100 |dig s I P O R O
8|350 |30 | di LATRAEA et 4 Mk A okt 4
9500 |30 |dt,
'! 92 13 !4 ?5 '8 17 ’8

TO THE FIGURE ABOVE

60 72

. LUTIME
NTIME
S:0(NPTIME(I)s1Z046)
(PTIME(T) 412749}
20,0 (TIMEI(1)yI=1,46)
(TIME(T ) e I2T749)

. . NFTIME_ |
(NPOINT(I)1sI=1eNFTIME)

(F{led)ad=teNPOINTE] )}
(TlledtedzI«NPOINT(]))
(F{24J) o 2 aNPOINT(2))
(T{2sJ) e = o NPOINT 2

g

S—
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RV (COMSTRATHT £ONTITIONS)

NEXTy READ IN DATA WHICH GOYERN HOW fke VARIOUS SHELd
SEGMENTS. ARE. CONNECTED TOGETHER. AND WHIOH GOVERD WHAT
BOUNDARY AND QTHER CONSTRATINT CORDITINNG FXIGT,

THESE CONDITIONS APPLY 70 THF PREBUIKLING SVRESS
ANALYSIS ONLY.cersne

DATA 16 hx NCOND ** (PRFRIICKLING £JHSTRAINT COMDITIONS)

MCOND = NUMRER OF SFATIONS TR STRUCTHRE V0 VEn iu
JUNCTURE DR CONSTRATHNT NF HBOUNDARY CONDITIONS,
HERE WE ARE TALKTYHMG ARBOUT THE PREBUCKILING
ANALYSIS OMLY, THE MINIMUM ValUE OF MIOMD
15 (NSEG=!} , (MSFG = TOTAL NUMAFE OF SHELL
SEGMENTS, | TRE MY, VALUE OF MIOND 1% R0,
YO MUST TMCLUDE A CnnSTRAITNT STATINN FaR FACH
STATINN AT WHICH THF SHFLL INTERSECTS THE
AXIS NF REVOLUTION,

xkEAEXLEE DO 1200 T = | +NCOND Rxdkdhddn (LNOP OVER PREA|NICKLING CONDITION

NDATA ATIAhe2F12.8 kk (TFTIX{Feudis Jdoisdts 171}

1200 CONTYINUF {END OF DO=LNOP OVFR PRERBUCKLING C(ONSTRAINT CaND,)

P
Pl e

BOTMT OMIMBEER
A BHIMOYHIBE

IFIX{Tsi)= SHELL SEGHEHT NUMBER ANMD
TN THAT SHF1 SEASMENT [TMVYOLVE!
DR CONSTRATHT MR OInDANY 3
EXAMPILE, ., IETx{t+{) 2 00R1% HMEANS SEGMENT
NUMBER &y, MFSHM POINT NUMRER 33,

e

IFIX{I¢2)= ANOTHER SHELL SEGMENT NUMH
NUMRER, (MAY BF THE LadE O
IFEX{T+0) )
EXAMPLE,., IFIX{1.2) = 007805 (58G, 7e POINT B}

THE COMRINATION IFIX(T41)20050%3s IFIX{1,2)1200700%
SIGNIFIES THAT SEG. %. POINT 33 15 CONMECTED

IN SOME WAY T0 €86, T BOTHT &, TuE £XALY

NATLIRE OF THIS COKNNECTION BIMATHS 10 HE

SPECIFIED,

IMPORTANT NOTE, ., IF TEIX(I«1Y = IFIXI{T:2} THAT POINT
IN THE SHFELL T8 CONNECTED TO GROUND N
SOME WAY WHICH REMATINS TO BE SPECIFIED,

(PRERUCKE THE CONSTRAINT CONDITIONS)

o
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k‘*\
Seq. & TN_ 4

H

| Q-2

3-SEGMENT SHELL IN WHICH NCGND=4

Exarnples of constraint condition cards follow:

Input Card Column Na, 6l Tl s za a0 34 ad 50 Commients
(IFDX(t, 33, 7=1, 6), DAY, D201y ooloothorfood o 1 1 <t175 +1f25 4+ 1]  bound, cond, card
UFIN(2, 1), J=1,6), Di(2), D2(2) ooyo9spozlosy 1 § tho + 00 +6[  junct. compat. card -
{IFIX{3, ), J=1, 6}, D13}, p2(3) 503095 0300y i H 1 iH0 + 00 + 0 branch compat. card

Definitions Seg Ptlseg Py wr  vh  wn DI | pz
Identificationa location varialles consbrined radial disc.{ axial disc

Transiation of constraint #3: Seg. L, point 95 is comnected to Seg. I point 1, All variables are compatible,
Z
I

A
X

B

wl

bt e
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(PREBUCKLING CONSTRZINT COMNITIONSY

WHAT IS THE NATURE OF THE ¢ORNECTION OGR CONSTRATINT, 4.

z TFIX(Te3)2
B
H
A w?
X
TEIX(Tet)=
H
8

IFIX{I+8})=

CONTRO! INTEGER FNR THTER=SEGHFMT AXTAL

DISPLACEMENT
SETTING USTAR =
AND TFIX(Te2),

IFIX(Is 1)

IFIX{Ye =0 MEANS NO

IFIX{T+332}

CONTROY,

DISPLACEMENT
SETTING VSTAR =

AND TFIX(Ie2]).

IFIX(Iel)

IFIX{T41=20 MEANS NDO INTER=SEGMENT

IFIX(Ish)=

(USTaARY COMPATIRII ITY MR FOR
0 AT THE POINT SPECIFIED 2y

INTER-SEGMENT A% TAL
NISPLACEMENT (NMPATTIELL ITY OR
UISTAR TS FREFE AT PT, IFIX(1.1)

INTER=SFOGMENT AXTAL
COMPATIRILITY 14
USTAR 1% {ONh-
AT 2T, IFTX(Tat)

MEANS THAT
DISPLACEMENT
IMPNSED DH THAY
STEATNED TN RE ZERD

INTEGER FNR INTERSEGMFENT LIRCIMEFRENTIAL

(VSTARY COMPATIRII ITY N2 FOR

N AT THF POINT SPECIFIEDN RY

CIRCUMFFRENTIAL
DISPLACEMENT COMPATIRILITY OR
VETAR I8 FREE AT PT. IFTX{Ist)

MEAMSG THAT INTEB=SELGMENTY rTu1IME,

NISPLACFMENT COMPATIRIL?TY IS

FMPASE R THAT Y5TA% 14 70ON-

CSTRAITMNED TO KE JERMT a7 BV, 1F1N{Tel])
CONTROL INTEFGFR FOF INTER=SEGHENT HANMTAL
DISPLACEMENT (WSVaW) COMBEATIZIILITY 0OR Fu#
SETTING WSTAP =2 11 AT THE POINT 570 [FiED RY
IFIX(T+01F AND IFTIX{(I+2]).,

IFIX{T«8)=0

IFIX{T5)21

MEANS NO INTER-SEGMENT RADTAL
DISPLACEMENT COMPATIBILITY OR
WSTAR IS FREE AT BV, [FIX{1s1)

MEAMS THAT INTRER«SFGHMENMT RANDTAL
DISPLACEMENT COMPATIRILITY IS
TMPENSED OR THAT WSTAR {8 0N«
STYRAINED TO RE TERN AT BT, TFIX{141}
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Seg. (8), P1. 1

DETAIL A N2-J] \Seqg. ®), Pt. 21
i ;
z @ T iscontinuity D1{9)= -0.75
+ i
@if:__ ‘
&» ¥ Seg. (7), Pt. 10 : ¢ Seq. (6), Pt.16
'Seg. (7), P1.1 j
B z} -r::ﬂ
4
|
A w¥ bt 1 1
1 3
x i
'Seqg. (8), Pt 1 j Seg. ®), P11
: Seg. 4), P1. 5
Seg. (B), Pt. 7-mmb—r=—y—e—e—ey, '
Discontinuity Di1(6)= -0.75
| Discontinuity D1(3)=-045 . @), Pt. 1
Seq. 2), P1
g Seg. (3), P1. B-mpmnatc) e @, P15 :
d Seg. 3, P1.1 - (@), P11 |
* v ., PL9
Seqg. 1), Pt. 1 See Detail A

EXAMPLE OF CONSTRAINT CONDITIONS CORRESPONDING TO THE FIGURE AROVE

oL, & te
; i2
ooicoiooinnd
001009002001
0010609003001
003008003008
002005004001
040050308500
nOHO0%0N6001
1s0o0T008007
006016007001
noroloenToln
006021008001
gosoasonanns

i8 2u

! |

! !

i 1

{ B
I !

H t

| !

i S -

30

3A 48 60 T2
e e NCOND
(TFIX(1ad)od=teb)eDI(1)eD2(1)
i 0.0 0.0 TFIX(2¢d)eD1(2)9D2(2)
I =0,u5 0.0 IFIX(34d)aD1(3}4D2(3)
IFIXtU4ed) e DI (H)eD2 ()
! 0,0 0.0 IFIX(SeJ)eDI(S)eD2(S) |
ceed =D TS 0.D _IFIX(60J)eDI(6)DRI6)
] 0,0 0.0 IFIX(T+d}yDE(T)eD2LT)
IFIX(BeJ)eDI(B)yD2(B)
| «0,758 D.0 IFIX{Red) o1 (9)eD2(9)
IFIX(I0eJ)eDI(10)4D2(10)
1 0,0 0,0 IFIX(11ed)aDlCNE)oD20F1)
SRS RSO & WYY + EE L0  IEIXL1I2003aDI(12YeD2012)
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(BPRERINCKL IHG CONSTRATST CONDITIONS)

CETIMTONAL
nE MR
CIFEED Y

IFIX{T b)Y CONTROL THTEGER F0E THTVE
ROTATION (RETA 3 CONES
SEYTING BETA = O AT 7HE #
IFTX{Tad}y AND TFIHITeZ ),

IFIX{TeA120 MEANS MO INTAR.SLGHRENI
ROTATINN COMPATIATI ITY Ox
RETA IS FRFE AT &7, IFIX{Ie01) . e

TEIX{TeA1E! MEANS THE
BOTATION COMPLAT
IMEASEN NR OTHAY
SYRAINED TO BE

P aMENT MERINTONAL

13 CON
AT BT, IFTL(Ie1)

IMPORTANT MNOTE,,., USTAR 4MD WETAR A4FE
DISPLACEMENT COMBPON
NOT THE MEPSTIonAL el Wi
NISPLACEMERNTS &1 AMD HAH ARY
CONRITIONS ARE IMPOSED R TAER AU WS TARS
NOT ON 1] aNT W, THIS 135 &% i%P08T7TaNT MNOTE...

BIIT) = RADIAL COMPONENT ~% TIESATE 0T EY AR
SUPPORT NEESET fam oe T T N
SEE FIGURE FOR STGN COMVENTION,

D2(1) = AXTAL COMPONENT OF MERIPIONAL DISCONTINUITY | L

OR SHPPORT DFESET £RNM REF, SHAF, (5FF FIG,)

(FNDY Ar BRFEROIW fhg R T8 0T TONDTTIONS)

Fosupport

The figure opposite shows @ mer cional 0L0 ol

points at the beginning of a segmeni aad af toe end of 3 sagrnan
In Fig. (a):

1) Dl and D2 are positive as shown if I o= 0

1 L 7 -

2) DI and D2 are negative as shown il J = 0

This sign convention thus depends cnly on fi2

involved in the junction. It does not depend on the dirsciion of increasing arc

length s. Nor does it depend on whether the user spociiies VSepuent ISEG is
mnected to ISEG. !

connected to segment ISEG + J" or "Segrment ISHG + J s

bR

In Fig. (b) the "'discontinuities’’ D01 amed 200 o g noiedopondent ;‘ :

of the direction of increasing arc length s.
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¢

u® (USTAR)
Reference Surface
U

r'
i w* (WSTAR)

| W
NOTE: Boundary and other constraint conditions are written in terms
of axial (USTAR) and radial (WSTAR) displacements, not in terms

of meridional (u) and normal (w) displacements.

/

z| /4\ Segment{ISEG + J)

mhﬁ (a)

4

P ASegment(ISEG)

/”<Shel! Reference Surface

%_ Support Pt. B-—\

| End of Shell !
| D2
z| ’ / %mJ _
Support Pt. A

Beginning ,
i [ /
‘ (b)

' Di —

Meridional discontinuity components and support offsets
are positive in the above illustrations.




DATA

ulé

PAGE P70
{RIFURCATINN BUHCKLING CONSTRAINT CONDITIONS)

NEXTe SPECIFY THE JUNCTURE AND ROUNDARY CONDITIONS FOR
RIFURCATION BUCKLING, NOTE THAT THESE MAY DIFFER FROM THE
PRERBUCKLING JUNCTURE AND CONSTRAINT COMNDITIONS,. o0

*% [SEGA. ISEGBes NCONDRs TRTGID *¥* (BIICKL ING CONSTRAINTS)

ISEGA = FIRST SEGMENT (LOWFST NO,} INVOIVED IN STARILITY

~ ANALYSTS.
1SEGR = LAST SEGMENT (HIGHFST NO,) INVALVED TN STABILITY

ANALYSTS,

NOTE.. ALL SHFLL SEGMENTS WILL ALWAYS RFE INCLUDFD 1IN THE

PRERIICKLING ANALYSIS. HOWEVER, THE USER CAN

IDENTIFY A CERTAIN SUBREGION IN THE SHELL STRUCTURE _ .
FOR WHICH HMF WANTS A RIFURCATION RHUCKLTNG AMBLYSIS,
THIS SHRREGION IS DELIMITFD BY ISEGA aMD I5FGR. AND
INCLUDES THE SEGMENTS TSEGA AND ISEGR, THE SHBREw
GION THUS IDENTIFTED BY THE USFR MUST RE CONTIGHOUS,
GENERALLY THE USER WILL SFT ISEGAZI ANND ISEGRENSEG.
{NSEG = TOTAL NUMRER OF SHELL SEGMENTS)

MOWEVER, IF THF STARTILITY ANALYSIS TNVOLVES A WIDE
RANGF OF CIRCUMFERENTIAL WAVENIIMRERS, IT MAY RE
ECONDMICAL TO CHOOSE ISEGA AND TSEGB SUCH THAT LocatL
RUCKL ING PHENOMFNA IN A [LARGE STRUCTURE WITH MANY
DEGREFS OF FREEDOM CAMN RF INVESTIGATED WITHOUT
CARRYING ALONG MANY DEGREES OF EREEDOM WHICH NO

NOT PARTICIPATE IN THE RUCKLING MODE, THE HSER

MUST THEN CHOOSE [SEGA AND ISEGR (APEFHLLY aAND MUST ALSO
SEE TO 1T THAT APPRNPRIATE BOUNDARY (ONOITIONS

AT THE BEGINNING OF SF5, ISEGA AND AT THE END OF SEG,
ISEGR ARE SPFCIFIFD FOR THIS 'PARTIAL:® STAATILITY

ANALYSIS. REMEMBER THAT THESE €ﬁ*7£FE3N3 WELE -

PROBASLY BF DIFFERENT FROM THE PREBUCKL (MG LO&OFYT“NS.
WHICH ARE PROBARLY JUNCTHRE (ONDITIONS SRELATING

THE DISPLACEMENTS OF THFE REGINNING OF SEGMENT ISEGA

TO THOSE AT THE END OF SEGMENT (1SEGA - )} AND
JUNCTURE CONDITIONS RELATING THE DISPLACEMENTS AT
THE_END OF SEGMENT ISEGB 1O THOSE AT THE BEGINNING

OF SEGMENT (ISFGRH + 1},

NCONDRB = NUMBER OF STATIONS IN THE ISEGA THRI JSEGR
PORTION 0OF THE STRUCTURE INVOLYED 1IN JINCTURE
AR CONSTRAINT OF ROUNDARY CONPITIONS, HERE
ONLY, THE MYNfMUM V&L F OF NCGM%Q IS
{ISEGR«ISEGAY, THE MAX, VALHF IS 50, YOU
MUST INCLUDE A CONSTRAINT STATION FOR EACH
STATION AT WHTCH THE GHELL INTERSECTS THE AXIS
OF REVOLUTION, (AUCKI ING CONSTRAINTS)
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IFIX (1, J):

¢an be modeled as discrete rings, it is often desirabie_ﬁto be able to
specify one or more of the displacement components u*, v*, w*, and

the meridional rotation X equal to zero at the boundarijes of or at certain
points within a shell. These restraints may be applied even though there
is a ring present at the same point. The displacements can be specified
equal to zero at a support point which does not neces sarily correspond to
the edge of the reference surface. In Fig. (b) on Page P69 is shown a
shell which has a support at a point "A" which is removed a certain
distance specified by {D1, D2} from the end of the reference surface.

Certain displacement restraint conditions apply for planes of symmetry
in shell structures. In buckling problems if use is made of symmetry

conditions one must test for buckling loads corresponding to modes both
Symmetric and antisymmetric at that end of the shell which corresponds

to its plane of symmetry.
D1{1), D2(1):

Axial, radial discontinuities in meridian between adjacent segments or
distances from Support points to meridian, The specification of these
parameters sometimes depends upon how the user decides to construct

the model of the actual composite shell structure. A shel] with discrete
rings, for example, might be modeled as a single segment with the

discrete rings considered to be attached at certain points along the meridian.
In this case the analysis "'permits' the shell wall to bend under the portion
of the ring which is attached to it, since the attachment point is assumed

to have zero length. However, the analyst can also treat the same problem

structure in various ways and to compare the results, it is particularly
advantageous to construct the models in such ways as to obtain upper and

In general. it is recommended that users construct models such that there
are no axial discontinuities (D2 = 0) between Segments. Axial discontimiities
tend to lead to gross overestimates of the stiffness of a structure, and hence
to overestimates of buckling loads. See the article "Evaluation of various
analytical models for buckling and vibration of stiffened shells" by David
Bushnell, AIAA JOURNAL, Vol. N ©o. 9, pp. 1283-1291, September, 1973,

for examples,




IRIGID

AR RNKE NN | 300

-
-

I

1RIGID

LIRIGIOD.

PAGE P72
(BIFURCATINN BUCKLING CONSTRATNT CONDITIONS)

CONTROL INTEGER FOR RIGID BODY REMAVINR,.,

0 MEANS THAT [T IS NOT NECESSARY TO
TMPOSE AN ADDITIONAL CONSTRAINT
IN ORDER TO PREVENT RIGID BODY
BUCKL ING MODAL DISPLACEMENTS,

1]
.

TMPOSE AN ADDITIONAL CONSTRAINT

IN ORNER TO PREVENT RIGID R0DY
BUCKLING DISPLACEMENTS, vYOU ONLY
NEED TO SET IRIGID = | IF AIFURCA=
TION RUCKLING LOADS ARE BEING

- SOUGHT FOR N Z 0. AND N = L CYRe .. .

CUMFERENTIAL WAVESe AND THEN ONLY
JF THF STABILITY CONSTRAINT CONw
DITIONS TO BE IMPOSED WILL BF [N
ADEQUATE TO PREVENT RIGID s0DY
RUCKL ING MODES, SEE THE DISCUSSION

ON. THE FACING PAGE, ... . . I

NCONDB *x*x*#*x*  ({0OP OVER STARTLITY CONSTRAINTS

DATA 616e 2F12.8 %% (TFIXB(IoJ)s J=]ab)s DIBIIYe D2R(TI) =%

1300 CONTINUF (END OF NO=LODP OVER STABILITY CONSTRAINT CANDITIONS)

TFIXB(1+4)

NIB(T)
PPRIT)

 SEE DESCRIPTION ON FAGE P48 FOR Ny (1)

SEE THE DESCRIPTION AROVE £FQR THE PRE=
BUCKLLING CONSTRAINT CONDITIONS, IFIX(14J),
REMEMBER, IF YOU WISH, THE CONDITIONS IFIXB
CAN BE DIFFEPENTY FROM THOSE SPECIFIED FOR
THE PREBUCKLING ANALYSIS, FNR EXAMPLE,
SYMMETRY CONDYTIONS CAN BE TMPOSED AT A
SYMMETRY PLANE IN THE PREBUCKLING ANALYSIS,
WHEREAS ANTISYMMETRY CONDITIONS AN BE
IMPOSED THERF IN THE STARILITY ANALYSIS,

SEE DESCRIPTINN ON PAGE PAR FOR nN2(71)

MEANS THAT JT IS NECESSARY TO _ S

#

. ¥
H
1




Rigid body modes are Prevented b
described below. These additiona
involvingn = Qand n = 1 circumfe

Y the user through introduction of input as
1 input data are required only in cases
rential waves. Forn= 0 and p = 1 rigid body

motion is possible if the shell is not sufficiently constrained by the boundary
conditions. There are six rigid body modes, three translational and three
rotational. These modes are shown below

z

Translation

All of these rigid body motions can be
station at which to restrain the axial di
displacement v* or v. The figures bel

ui *

rlf‘i’

¥

The constraint u™s 0 prevents:

(1) Translation along z-axis (n=0)
(2) Rotation about x-axis (n=1)
(3} Rotation about y-axis {n=1)

»;

Rotation

prevented by choosing a meridional
splacement u® and the circumferential
ow show why:

]

i

The constraint v=0 prevents:

(1) Rotation about z-axis (n=0)
(2) Translation along x-axis {n=1)
{3) Translation along y-axis (n=1)

n=0
Cem




DATA
DATA

500

PAGE PTU
IF  IRIGID = 0O #%* GO TO (500 #*#%% (NO RIGID=RODY CONSTRAINT REQD)

IRIGID = CONTROL INTEGER TN PREVENT RIGID BODY MODES

616  ** (ISTOPO(J)s Jzlep) *x (RIGID BODY)
616  ** (ISTOPI(J)e JUR1eb) %% {RIGID BODY)
ISTOPO(J) = CONSTRAINT CONDITION FOR PREVENTING

AXTSYMMETRIC (N=0) RIGIN BODY BUCKI ING
~DISPLACEMENTS, IN_BOSORS THIS CONDITION
WILL RE IMPOSED NNLY IF N=0,., IT WILL NOT

BE IMPOSED FOR ANY OTHER VALUE nF CIRC,

WAVE NIIMBER, N,

ISTOP1(J) = CONSTRAINT CONDITION FOR PREVENTING RIGID
-~ BODY MOTION WHICH CORRESPONDS TO N=t,
(1 CIRC, WAVE, SUCH AS WOULD RE THE CASE
IF THE STRUCTURE TRANSLATED NORMAL TO ITS
AXIS OF REVOLUTIONs OR IF THE STRUCTURE
ROTATED AROUT ONF OF ITS ENDS,)

ISTOPD AND 1STOP)| HAVE THE SAME FORMAT AS IFIX(ledly .
WHICH ARE DESCRIBED AROVE. SFE THE EXAMPLE 0OPPNSITE,

IMPORTANT NOTES,.ve. (RIGID BODY CONSTRAINTS)

le ISTOPOCI)} MUST EQUAL ISTOPO(2)

2. ISTOPI({) MUST EQUAL ISTONPI(2) N

3. ISTOPO(1) CAN EQUAL ISTOPI(1)y AND ORDINARILY THE
HSER WOULD DO THIS,

Y. ISTOPO{1] AND ISTOPI{|} MUST BE EQUAL TO ONE OF THE
BOUNDARY STATIONS SPECIFTED BY IFIXR(Il), THIS
IFIXB(Ts 1) MUST CORRESPOND TO A BOUNDARY CONDITIONSY

.NOT TO A JUNCTURE CONDITION, e

R. IT MAY RF NECESSARY TO INTRODICE AN EXTRA IFIXR{I+J)
SOLELY IN ORDER TO SUPPLY A STATION FOR THE RIGID BODY
MODE CONSTRAINT CONDITION, A COMPLETELY CLOSED SHELL
SUCH AS A COMPLETE SPHERE IS AN EXAMPLE, ANOTHER
EXAMPLE 1S SHOWN ON THE OPPOSITE PAGE, WHERE THE

. CONDITION 2001 200f 1S INTRODUCED FOR_THIS m“w_d”““:

PURPOSE,
(END OF BIFURCATION BUCKLING CONSTRAINT CONDITIONS)

CONTINUE (END _OF INPUT FOR ROSORS PREPROCESSOR, ADDITIONAL

DATA WILL BE READ IN RY THE BOSORS MAIN PROCESSOR, yuaes!
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Table below gives possible input data for the example shown above,

EXAMPLE OF CONSTRAINT CONDITTONS CORRFEBPANND ING
WITH RIGID RODY #UCK! ING MODaL

Cot. & 12

| 3
aoranianinng
aoIon8on2nm
PUO?PH#BGEQ”!

ag2eioan3nng
anIngenninaa
a0200inn2004
nozaoninganng

I8

24

= Note that an extra constraint point is p

D THE AROVF FIGHRE,
DISPLACFMENT CONSTRAINTS

3In A 4R 60 17
TSFOAs JTSEGRe NCUNDRS IRIGID
;rmxg;J..j)njzic(x;.mmll.heﬂu}

i I N.n 0.0 IFZXR{?-J)-HIH(2)|D?Hf2)
grzxaf‘hdh?}m{?i,HZRH)

i I N0 0.0 IFIXH(M'J).D|H(u}.D?R(u|
fFiXR(%th’DIR{S)cnaﬁ(BB

n n {¥<TQPU(J)vdzfoﬁ)
n 3] (ISTOPI(UYydzle6)

rovided in order tn have a station

at which to apply the rigid body mode constraints forn=0andn - ]
circumferential waves,




SECTION 3
USER INSTRUCTIONS
FOR THE

BOSPRS5 MAIN-PROCESSOR

SUBSECTION

3.1 Control integers INDIC (type of analysis) and
IDEFORM ({flow or deformation theories of

plasticity)
3.2 INDIC = 0 (axisymmetric stress analysis only)

3.3 INDIC = -2 (stress and bifurcation buckling
analysis)

3.4 INDIC = -3 (stability determinant and
eigenvalue, eigenvector calculation)

Page M1

PAGE

M2 - M5

Mé - M10

M1l - Ml14

Ml15

2




R

EY

#EXKXRKPOSORS MAIN PROCESSOR INPUT DATA Xaxexsw

INDIC =

" PAGE

(RN . e \M_WT PRI PR
INDICATOR FOR TYPE OF ANALYSIS, ..
AVAILABLE DPTINNG ARE INDIC = 0+ =2+ AND -3,,,
INDIC = 0 MEANS NONI INEAR STRFSS ANALYSTS

WILL, RE PERFORMFEN FOR A SFGRUFENCE OF
. LTIME STEPS SPECIFIED BY THE USER _EITHER

IN THF RNSORS PREPRNCESSOR DR IN THE

FOLLOWING INPUT DECK., THE RESIHLTS

OF THIS ANALYSIS FOR EVERY 1IME STEP

ARE STORFN NN MASS STORAGE, A CASE

CAN RE RFESTARTFD AT ANY TIME STFP,

INDIC = =2 MEANS THAT & NONLIMEAR STRESS ANALYSTS

M2

WILL RF PFRFORMED AND THAT THE STARILITY

DETERMINANT WILL RE CALCULATEN FOR
A CERTATN FIXEN MiMAFR, NORs OF ([R-

CUMFERENTTI AL WAVES AND A HSERSPFCIFIED
. TIME RAMGE, IF THE STABILITY DETEAMINe

ANT FOR MNR WAVES CHANGFS SIGN TN THIS
TIME RANGE, THEN BIFURCATION RIICKLING
LOADS ARF CALCIILATED FOR A RANGE OF
CIRCHMFFRFENTTAL WAVE NiMBERS, NMINA
THROUGH MMaAXH, NMINAR AND MMAXH ARE

TO BE PROVIDED RBY THE USER, IF THE

STARII ITY DETERMINANT DOFS MNOT CHANGE SIGN

IN THFE HEFR«SPECIFIED TIME RANGFE, THEN
THE RIFURPCATION BUCKLING {0ADS CORRES.

PONDING TO OTHER THAN NOB CIRCUHMFERENTIAL
WAVES WTLL NOT BE CALCULATED TN THIS RUN,

IN GENERAL THE USER WILL THEN HAVE TO
RESNPT TN A SERIES NF  IMDIC = =3 ALNS

WITH OTHFR VALIIES OF NOH.  AND/OR MFE WILL
HAVE TO PFRSUFE THE STARSLITYY DFETERMINANT

WITH N = NOR FNR HIGHER LOADS,

IN THTIS ANALYSIS RRANCH THE RESULTS 0OF THE

PREBHCKILTNG ANALYSIS AMNND THE EJGEN=

CVALUES ANMD ETGENVECTORS (RUCKIL ING MADES)

ARE STORFN ON MaSS STORAGF, A CASE CAN
BE RESTARTER AT ANMY TIME STEP,




Page. M3,/

E':'i‘ (1)
INDIC = O S (1) Nonlinear Stress
= Analysis Only
W
=
‘_‘ i
DEFLECTION
(1) Nonlinear Stress Analysis
, AND
INDIC = -2 (2) Stability Determinant Calculation
AND
(3) Eigenvalue vs N Calculation
sV b e NEE
S S 3
i-iJ =y > f
= 2 Z | |
= O
- 28 i L l
- > = ! =
DEFLECTION @ NMINB NMAXB

LOAD(TIME) N(WAVES)




b T ) ;
N _ {
PAGE My
INDIC = <3 MEANS THAT THE STARIJLITY DETFRMINANT -
FOR 8 GIVEN NUMRER NN8 OF CIRCIM, WAVES .
WILL HBE CALCULATEN FOR A SEQUENCE OF
TIME STEPS FOR WHICH 4 PREBUCKLING . Lo~
ANALYSTS HAS REEM MADE IN A PREVIONS L
RUN WITH INDIC = 0 0R INDIC =z =2,
TP THE STYARILITY NETERMINANT FOR N= NOR o
CHANGES STGN IN THIS TIME RANGF o+ THEN ;
RIFURCATION RUCKLING LOADS L
- ARE CALCINLATED FOR A RANGE OF CIHCUMFER

ENTTAL WAVF NUMRERS  pNMINGA THRI) NMAXR
TO RE PROVINFEN RY THE 1ISER, L
IF THE SYABLILITY DETERMINANT DNES NOT

CHANGE STGN IN THE USER=SPECIFIEN TIME -
PAMGE s THF RUCKILING 1LOANS CORRESPONDING L
TO OTHFR THAN NOR CIRCUM, WAVES W{LL NOT. ;
RE CALCIHATED M THIS RN, .
1
IMPORTANT NOTE,,. BEFORE THE INNIC = =3 OPTION CAN L
RE ISER. A PREVIONS INDIC = 0 o=n
INDTC = =2 RUN OR RUNS MUST HAVE REEN -
MADE,  THIS IS RECAUSE THE INDIC = -3 .

OPTIOM PAES NOT DD ANY PRERIICKL TMNG
ANALYSTS, BUT REGIUIRFS THE RFSIILTS ‘ -
OF SUCH AN ANALYSIS TO BE AVAILARLE

ON MASS STORAGE, o
IDEFORM = INDICATOR FOR TYPF 0OF PLASTICITY THENARY sea T
L
_ TDEFORM=0 MEANS THAT FLOW THECHY Wit RE LISED
NPT ¢ L% o, TN CALCHIATE THFE CONSTITUIIVE 1AW FOR -~
- ROTH THF PREBIICKLING AND BIFHRCATION N

A YSFEQ
:]:CPE,E . %Q“Wij U'}eli.. HALYSES.
T ) IDEFORM=| MEANS THAT FLOW THEARY WILL BFE USED V o
IN THF PRERICKLING aMALYSIS AND -
DEFORMATION THEARY [ THE BIFURCATION
RUCKLTNG aANALYSIS,

i F@w¢u%\)\*w¢ fla vaku
by Lo ond Bl

| N i

- (NOTEL. FLOW THENRY 1S ALWAYS USED FOR THE T

Ny h“LQMIZ%*%ﬂ%&““Q PREAUCKI TNG ANALYSTS, _—
u

NOTE, . 1N ORNER Tn RN INDIC = =3 WITH NEFORMATION
THEORY. YOI MUST HAVE PREVIONUSIY RUN .
INDIC = «2 WITH IDFFoaM = [ i i

ks P o
Aokl ~

IF INDIC = 0 #**% 60 70 1558 =ax  (NONLINEAR STRESS ANALYSIS)'N-;ML- 5
IF INDIC =2-2 %% GO 10 2050 #»## INONLIN, STRESS ANAL, WITH STAR, DET, ) é
TFINDTC =-3 %% GO T0 3050 *#% (CALCHLATION NF STaRyL [Ty PETERMINANT) o
T e e e e L
E



INDIC = -3

STABILITY DET,

for N=NOB

Page M5

(1) Stability Determinant Calculation

AND

(2) Eigenvalue vs N Calculation

(1)

\ —

LOAD(TIME)

el

(2)

M
| f
; .
NMINB NMAXB
N{WAVES)

EIGENVALUE

:
o
;j
i % .
i & H o
MNVE
& ¥ R

S Y




1850 CONTINUF

PAGE Mé
(INDIC = O}

*xx% [NPUT DATA FOR THE INDIC=0 OPTION, {NONL INEAR STRESS ANALYSIS ONLY)

DATA 516 *% KSTEP KMAX/MAXTRLs ITMAX,ITIME &% 0 5570 1 TLINDIC = 0F

KSTEP =

KMAX =

MAXTRL.

-

STARTING. TIME STEP NUMBER, IF THIS IS THE FIRST RUN
WITH THIS CASE. THEN KSTEP MUST BE 0. IF YOU ARE
RESTARTING, SET KSTEP = A VALUF FOR WHICH
PREBUCKL ING RESULTS HAVE ALREADY HEEN ORTAINED . . .
RY A PREVIOUS RUN, (INDIC = O)

MAXIMUM TIME STEP NUMBER, KMAX CANNOT BE
ILARGER THAN 99,

= MAXIMUM NUMBER OF TRIALS TO BE PERMITTED ... I

REFORF PROCEEDING TO THE NEXT TIME STEP,
T TREALL 1§ DEFINED-IN-ASME-PUBL TCATTON .
AMP YO e NOY T 1T ERETOR-R Fo HARTUNG Y
LNUMERT CAE—-SOLUTTON DF NONU TNEAR-STRUCTURAL PROBLEMS ™
PAGE-A Oy FOP T (ARTLELE QN SHELES OF REVOLUTTON
BY DAMLD-BUSHMNE e e e e e
SEVERAL TRIALS FOR A CONVERGED SOLUTINN
ARE ATTEMPTED AT FACH TIME STEP, FOR FACH
TRIAL THE MATERIAL PROPERTIES ARE UPDATED AND
THE NONLTNEAR ALGERRAIC EQUATIONS FOR THE
PRERUCKLING ANALYSIS WITH FIXED MATERIAL PROPER=

TIES ARE SOLVED BY THE NEWION~RAPHSON METHOD, .. .. ...

WHEN THE MATERIAL PROPERTIES STOP (HANGING WITH
EACH TRIAL. DR WHEN THE NIMRER OF TRIALS = MAXTRL »
THE RUN PROCEEDS TD THE NEXT TIME STEP, THIS WILL
USHALLY HAPPEN AFTFR AROUT 2 TO 6 TRIALS,
GENERALLY THE USER SHOULD SET MAXTRL EQUIAL

10 SOME VALUE BETWEEN 5 _AND 10, HOWEVERe IF HE. ... .

WISHES TO GET AN ECONOMICAL ESTIMATE OF THE
REHAVIOR 0OF THE STRUCTURE, HE CAN SET MAXTRL

EQUAL TH SOME SMALIER NUMBERe EVEN |+ PERHAPS,
(MAXTRL=] IS THE MOST SUITABLE CHOICE IF THIS IS AN
FLASTIC ANALYSIS WITH N0 CREEP,)

1T SHOULD. RE NOTED. HOWEVER. THAT THE SOLUTIONS . .

ABTAINED WITH VERY SMalLL MAXTRL MAY NOT HAVE
CONVERGED TO A SUFFICIENT DEGREE OF ACCHRACY
1F PLASTICITY OR CREEP ARE PRESENT,

THE FLOW CHART ON THE FACING PAGE SHOWS THE
STRATEGY UISEN FNOR SOLVING PROBLEMS IN WHICH

ROTH LARGE DEFLELT!QMﬁméMDAEQ&LLNEABMﬁAlﬁﬁiﬁLN“"”,wam_,w‘

PROFPERTIES ARE PRESENT,

i
<

(INDIC

YTTMAX = MAXIMUM NUMBER OF NEWTON=RAPHSON ITERATIONS

TO BF PERMITTED FOR FACH TRIAL, GENERALLY THE
HSER SHOULD SET  ITMAX = 10 OR MORE., COMPUTER TIME
1S SAVED MORE BY LIMITING MAXTRL THAN RY . .
LIMITING TTMAX,

fﬁﬁ'ﬁﬁ%ww e

TN e

e

P e g bk s e,
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[_
Load is incressed because Equations equivalent to
"double iteration" converged: k=0 (L) are set up with use
equilibrium is satisfied ACP -0 of g from the previous
"exactly” and the plastic - i iteration as a starting
strain, creep strain, and [C] ¢ . g ]; vector and with plastic
metrix settled down to converged Ky = end creep strains and [C)
values. agi, €oi ? [C] fixed during this kth set l
of Newton-Raphson itera- -
tions. The plastic ang 1;
¢reep strains for this
kth trial are given by:
er, = &b + (aeD)
oi oi i’(k) ef = gP 4 (a%)
N . o i oi i/{k)
€oi1 ™ €01 ¥ (Asi)(k} c c ¢
Update yield stress Oyl - € =€, (Aﬂi)(k)
Equations (4) are solved
for the increments aq.
4_§O - New values Ql

Ho+1)™ Yn)" 29

of the dependent veri-
ables are now available.

l Calculate new values for the
total strain, plastic and

creep strain increments
I Trial

p N
(Aei)(k)} (Agi)(k)’ i=l,2 ped 1 - K+1
‘ Number

and the [C] matrix.

i Newton-Raphson "inner" loop::§~

Ef:New matefEEE properties, strains computed

N
3 o (h)
855 Aqé = - ei i Iz 1,2-¢-N




PAGE MB
(INDIC = 0}
ITIME = CONYROL INTEGER FOR TIME STEPS AND LOADING

FUNCTIONS OF TIME, ITIME CANBE O OR | OR 2
LLINDIC 2 0y

ITIME = 0 MEANS THAT THE TIME STEPS AND -
P LOADING FUNCTIONS OF TIME _SPFCIFIED . —nmm I
rd BY THE USER IN THE 805095,9R£PR0rE550R
TN WILL BE HWONORED IN THIS RUN,

Irlmg 2.1 MEANS THAT THE LOADING FUNCTIONS OF
TIME SPFF¥FIEH BY THE USER IN THE E
””W‘W““BOQORS'PQFPROCESSOR WILL BE HONORED., BUT
THAT THE TIME STEPS WILL NOT., A NEW
TIME STFEP. DTIME, WILL RE READ IN AND
USED IN THIS RUN,

S ITIME = 2 MEANS THAT NEW TIME FUNCTIONS AND TIME
el STEPS WYL BE SPECIFIED BY THE USER [N
T THIS RUN, THE INPUT-BATA-WH:t—-FOLLOW
o EXACTLY-THE-SAME-FORMAT - AS-THE.-DATA— N
e “THEBOSORS-PREPROCESSOR HAVING-TO DO j
ot LINDIC 3 Q) .

h T WETH ST THE EUNCE EONS
z NEXTs READ IN THE INITTAL TIME,.,. {INDIC = U)
1 DATA  E12.8 **TIME #% _ o o _ (STARTING. TIME)

TIME = TIME AT THE BEGINNING OF THIS RUN,

F THIS 15 THE FIRST RUN (THAT 1S, IF KSTEP = G)o

THEN TIME MUST EQUAL ZEROQ,

IF THIS IS A RESTART. THEN TIME MUST BE THAT

TIME WHICH CORRESPONDS TO KSTEP, THE STARTING TIME
STEP NUMRER FOR THIS RUN, (INDIC = O)

IF ITIME = 0 **% GO T0 2000 *#% (USE ORIGINAL TIME INCREMENTS -
AND TIME FUNCTINNS)

Xx* GO TO 1600 *%* (USE NEW TIME INCREMENT,

1IF ITIME = |
ORIGINAL TIME FUNCTIONS)

IF ITIME = 2 *x% GO TO (700 **% (USE NEW TIME INCREMENT
AND NEW TIME FiNCTIONS)

1600  CONTINUE (ITIME = 1)

WITH ITIME = 1| WE WAVE TO RFAD _THE NEW TIME INCREMENT,
WHICH WILL BE CONSTANT THROUGHOUT THIS RUN REGARDIESS OF
WHAT WAS ORIGINALLY SPECIFIED IN THE aosoes*ParvnocsssoR.

DATA  E12,8 *% DTIME *# S mme = 0 ;

ONSTA

DTIME = MNEW TIME [NCREMENT, HELD C

k% GO TO 2000 *=x%
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1700 CONTINUE L - (NEW TIME FUNCTIONS AND INCREMENTS )

DATA

(ITIME = 2)
NEXT+ READ IN DaTA THROUGH WHICH VARIOUS TIME FUNCTIONS

CQERESPEMDL&&%IQ,MARlQﬂS_Lﬂﬁnﬁ_ANDmIEﬂEEBAIMBEWAR e
SPECIFIED, '

FIRSTy DETERMINE THE TIMF INCREMENTS T0 RE USED
THROUGHOUT THF TIME HISTORY oF THE RUN ,....,.

16 *ENTIME *% T Tt T IME_STEPS)

NTIME = NUMBER OF POINTS TN TIME rOR WHICH THE TIME
INCREMENT IS To BE SPECIFIED, THE TIME
INCREMENT AT EVERY POINT IN TIME 15 THEN
AUTOMATICALLY DETERMINED BY LINEAR INTERPOLA~
Iiﬂﬂ“&EIHEENMIJﬁﬁﬁmfﬁﬁVﬁHLCHMIHE”IlﬁEmL&LBEmEMI_,QTMWWWH
1S SPECIFIED., SEE THE FIGURE ON PAGE Pt ey
NTIME MUST HE GREATER THAN OR EQiial To 2 AND :
LESS THAN 5g, |

DATA 4E12,8 »» (DTIME(T), IZIeNTIME) %% (TIME INCREMENTS }
DATA 4Ej2.8 *x IIMELILLMLELLM?LMEL.!Eﬂmﬂmwumnwmuhm e A TIME CALLOUTS)

DATA

DATA

DYIME(T) = TimME INCREMENT PIRECTLY FOLLOWING TIME(]),

TIME(I) = POINT IN TIME FOR WHICH DTIME(I) 1S SPEC]w .
FIED., SEE THE FIGURE ON PAGE P&t, TIME P

~-INCREMENTS _VARY | INEARLY FoR TIME _STEPS WHICH |

NCCUR RETWEEN TIME(I) AND YIME(Y+1), (TIME STEPS)
NEXTs SPECIFY TWE VARIOUS TIME FUNCTIGNS.-....-(TIN£ FUNCTIONS)

16 X% NETIME w»% (TIME FUNCTIONS)
NFTIME = NUMBER OF DIFFERENT FUNCTIONS oF TIME, oRr

FXAMPLE, YOU May MAVE A CASE INVOLVING A

TEMPERATURE DISTRIBUTION WHICH IS CONSTANT WITH

TIME AND A PRESSIIRE DISTRIBUTION WHICH VARIES

WITH TIME., 1IN SUCH A CASE, NFTIME = >, SINCE

THERﬁwéﬂﬁmlﬁﬂwiﬂﬂEIlQNS OF TIME=<ONE FUNCTION S

A CONSTANT aAND THE OTHER A VARYING QUANTITY,

1016 %% (NPOINT(]), SIeNFTIME) *w

NPOINT(1) = NUMBER OF POINTS IN TIME AT WHICH THE ITH
m‘Ijnﬁwﬁﬁﬁgt1Q§WL§W§£E£1£1£QAM THIS FUNCTION
IS ASSUMED TO VARY LINEARLY FOR TIMES BE-
TWEEN THOSE WHERE IT IS caLLED OUT, SEE
THE FIGURE ON PAGE Pel, FOR EXAMPLE,




Khkkrhknr DO

DATA &E12.8
DATA 6E(12.8

1BOO ~CONTINUF

2000 CONTINUE

PAGE MID

FRO0 1 = | +NFTIME faxsrae (TIME FUNCTIONS)
NETIME = NUMBER OF DIFFERFNT TIME FIINCTIONS

#% (F(Tydle J= FoNPOINT(I}) %%  ( F(TIME))

*% (T{Tedle J= | sNPOINTIT)) #x { TIME )

FiTed) = VALUE OF TTH TIMF FUNCTION AT TIME T{Ted),
THIS FUNCTION VARYTES [LINEARLY BETWEEN
T{Ied) AMD T(Iledst) U

TiTsd) = POINT IN TIME TO WHICH F(led) CORRESPONDS,
({TIME FUNCTIONS)

xxk GO TO UNQQD %**%

e LEND OF CINPUT DATA FOR _INDIC = 0 ANALYSIS)
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LA Z 8 32"

CONTINULIE

INPUY DATA FOR THE INDIC

T e e et e

-2 OPTION

L2 8 8 2 X

sy
3

PAGE M1}
(INDIC 5 =2)

-
-

(INDIC “2)

(NONL T

DATA

516

SEE THE

KSTEP
KMAX
MAXTRL =

" n

ITMAXWRWMAXLMUMWNUMBERMQEWN£HIQNzRAEHSQM_lIEBAIlQHSLIBLALWW

ITIME

- IHAN~IHAJmGlMENwBELON+T+‘

NEAR STRESS ANALYSIS WITH CALCULATION OF STABILITY DETERMINANT)

** KSTEP, KMAX, MAXTRL, ITMAX, 1IIM£%!!_

s
-

INDIC 0 BRANCH

STARTING TIME STEP NIIMRER
MAXIMUM TIME STEP NUMBER (L
MAXIMUM NUMBER OF TRIALS PE
NEXT TIME sTEP,

L O

" dinpre =

=2}

FOR FULLER EXPLANATION OF VARTABLES

(0 IF FIRST RUN)

-
=

{INDIC ~2)

0

2

H AN

KEEP ORIGINAL T
KEEP ORIGINAL T

TME INCREMENTS AND Fi

INCTIONS

IME FUNCTIONS,

USE NEW INCREMENT

GENERATE NEW TrIME INCREMENTS A

ND TIME FUNCTIONS,

_MEXIu_READHl&“IHE”lﬂlIlﬁLMLiREUMEERiﬂllAL_HA!E%ﬂUﬂﬂﬁﬂwANDwmu“w.V
THE RANGF OF CIRCUMFERENTTAIL WAVE NUMBERS TO BF USED IN
THE STYABILITY ANALYSIS

t® e nas

DATA 516  ** NOR, NMINR, NMaAXR, INCRE, NVEC ## CINDIC

NMDBkxmlNlIlALWLiRCuﬁEEREMIlALMH
DETERMINANT WILL

BE CALCULATED FOR a EQUENCE OF TIME
STEPS WITH N = NpOR HFI.D CONSTANT, 1IF THE STABII FTY
DETERMINANT CHANGES SIGNs & SEQUENCE. OF EIGENVALUES
WILl BE CALCULATED CNARRESP
CIRCHUMFERENTIAL WAVENHMBER

.”IMtﬂEMENISwﬂEWIMﬁﬂﬁ'NSEE,MEXluﬁﬂﬁﬁmFOR RULES TO
USE FOR CHONOSING app

NMINR = MINIMUM NUMBER OF CIRCUM
RUCKL ING MODE,

NMAXB = MAXIMUM NUMRER OF
< ewo—. _BUCKLING MODE, .
INCRR INCREMENT IN THE CIRCUMF
BE USED
NUMBER OF EIGENVA

THE USER SHOULD

FERENTIAL WAVES IN

-
-

CIRCUMFERENTIAL WAVES IN

ERENTIAL wav
ING THE RANGE NMINR
LUES PER WAVENUMBER
FT NVEC

|

ENUMRER TO

TO NMAXE,

TO BE SOUGHT,
(INDIC = =2}

NVEC

ol
-

i

STABILITY
DETERMINANT FOR

N =NOB CIRC. WAVES
EIGENVALUE

| | NS ! ] -

NMINB NMAXB
N (CIRC. WAVES)

' |
--§’~—jl-—mcaa |
| - |

|
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NOB, NMINB, NMAXB:

Initial buckling circumferential wave number, minimum wave number, maximum
wave number. The minimum buckling load with circumferential wave number is
being searched for. Experimental evidence is of course very useful in determin-
ing a good choice of NOB, NMINB, and NMAXB. If none is available the user is
advised to try the following formulas:

(1) “Square' buckles for short shells or panel buckling

N =r/L, where L is the shell meridicnal arc length between
nodes ¢f the buckling mode,

(2) For monccogue deep shells, axial compression:

r - . - . ~ I }« /’Z 2
N = [ (Nominal circumferential rad. of curvs}/t] {1 - ")

{3} For shallow sﬂpheri&cal caps supported rigidly at their edges;
external pressure

)
N = 1.8 3::,}?‘,': 11‘_3”!!,5,}1?2' .5

(4} For axially compressed conical shells and frustrums

Use formula 2 where the circumferential radius of curvature,
R, is the average of the radii at the ends.

%~
3

(5) Spherical segments of any depth under axial tensic

vy
i

1
sin Eﬁl + 4,2 /R
where o, and o) are the meridional angles at the segment

beginning o

regpectivelyv.

The ab%ve list of formulas is by no means complete. However, notice that
(R/t)i/ is a significant parameter. 1f N is known for a shell of a given
geometry loaded in a certain way, a new value can be predicted for a new
R/t through the knowledge that N often seems to vary as (R/t}1/2. (R is
the circumferential radius of curvature.) Bxperience in the use of the
program will lead to further competence in the selection of appropriate
values for NOB, the initial guess at N. The user must be sure that the
input range NMINB = N < NMAXB includes the minimum minimum buckling
load {see next page).

INCRB:

Value for the increment by which N, the number of circumferential waves in the
buckling mode, is increased in buckling problems. In the search for the minimum
buckling load, for example, cne may only be certain that the N corresponding fo
the minimum buckling load N (critical lies in the range 2 < N = 100, One might,
therefore, choose INCRB = 10 and ''zero in' on a more accurate value in a
additional run. The user should ordinarily set INCRB = 0. 05% (NMINB+NMAXB).
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' Pcr

i RINGS

i U ¥

CRITICAL PRESSURE

(@) ¥ ) ey /q)

N (CIRCUMFERENTIAL WAVES)

Several buckling moles for ring-stiffened conical shell

(2} General instability
(b) 1st bay buckling
(c) 2nd bay buckling
(d} 3rd bay buckling

Finding the Minimum Minimum Buckling Load

The theory on which BOSORS5 is based does not exclude the possibility that
several values of circumferential wave number N may be associated with
minimum buckling loads. One must always find the minimum minimum.

This problem frequently arises in the calculation of buckling loads for
complex shells or ring stiffened shells. A ring~-stiffened conical shell under
external pressure is such a case (Figure above). Here there could be a
minimum buckling load corresponding to general instability and additional
minima (at higher values of N) corresponding to the local failure of each
conical frustrum (the bays between the rings}. Physical intuition is
invaluable as a guide for finding the absolute minimum load in this respect.
One may idealize each bay of a ring-stiffened shell by assuming that the

bay is simply-supported, calculate corresponding "panel' buckling loads with
certain appropriate ranges of N, and then use the critical loads and values of
N as starting points in an investigation of the assembled structure,
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NEXTs READ IN THE INITIAL TIME.,.. (INDIC = «g2)

(STARTING TIME)

DATA  E12,R **TIME #*

s E e

e w%ﬁ_-v,ﬁw_um_‘ﬁf;m 5

TIME = TIMF AT THE REGINNING OF THIS RUN.
SEE INDIC = 0 OPTION FOR MORE DETAILS. (INDIC = =2)

e

RO S

o *xk GO TO 3000 *** (USE ORTGINAL TIMF INCREMENTS
AND TIME FUNCTINNS)

IF TTIME

I %%% GO TO 2600 *#* (USE NEW TIME INCREMENT,
ORIGINAL TIME FUNCTIONS)

"

IF ITIME

P4 kkk GD TO 2700 *** ([JSE NEW TIME INCREMENT
AND NEW TIME FUINCTIONS) j
e e e e ) — (INDIC = «2)

2600 CONTINUE o (ITIME = 1}

1F  ITIME

WITH ITIME = 1 WE HAVE TO READ THE NEW TIME INCREMENT
WHICH WILL RE CONSTANT THROIIGHOHT THIS AUN REGARNLESS OF
WHAT WAS ORIGINALLY SPECIFIED IN THE R0SORS PREPROCESSQOR,

DATA  EI2.8 *% DTIME *» (ITIME = 1)
DTIME = NEW TIME INCREMENT, HELD CONSTANT DURING THIS RUN,

**%x GO TO 3000 *ws §

(NEW TIME FUNCTTONS AND INCREMENTS)
(ITIME = 2)
SEE THE INDIC = O OPTION FOR DETAILS.....(LABEL |700) o

2700 CONTINIIE

3000 CONTINUF (END OF INPUT DATA FOR INDIC=T «2 ANALYSIS)

*** GO TH 4000 *kx

|

|
ﬁ—f-—rwcae

|

|

. L | f | | L f
- | e e
TIME S NMINB NMAXB
N {(CIRC. WAVES)

N =NOB CIRC. WAVES
EIGENVALUE

STABILITY
DETERMINANT FOR

j
|
u
.’
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3050 CONTINUE _ . —— e {INDIC = =3)

- fhm~m+~lt!&3*mwlﬁﬂuiwﬁﬂllﬁﬁnR_IHEﬂl&ﬁlﬂmz_gjwﬂaliﬂﬂﬁ****** LINDIC 5 =3)

(CALCULATION OF STABILITY DETERMINANT WITH PRERUCKLING ANALYSIS
HAVING .REEN DONE IN A PREVIOUS RUN) S T e

DATA T& A% NSTEPS wx (INDIC = =3)

NSTEPS = QUANTITY OF TIME STEPS FOR WHICH STABILITY
DETERMINANT WILL BF CALCULATED,

DATA 1016  *% (LSTEPS(I)s I=}4NSTEPS) #x | {INDIC = =3)

.“WLSIEESLJJ_;mIiﬁEwirﬁﬂwﬁﬂﬁ&ERSmEﬂﬂnﬂHILH,STAB!L!TY‘W-
DETERMINANT WILL BE CALCULATED,

DATA AE12,8 ** (TIHES(I);.I:I-NSTEPS) o o } CINDIC & =3)
" TIMES(1) = TIMES CORRESPONNDING TO THE TIMF STEP NUMBERS,
%, B T e e L LSTERPSOLY e {INDIC = w3)

NEXT, READ IN THE INITIAL CIRCUMFERENTIAL WAVE NUMBER AND
THE RANGE OF CIRCUMFERENTIAL HAVE NUMBERS TOD BE USED IN ..
THE STABILITY ANALYSTIS ,evnes

,VDATAW~w51éHUMEJM&HB4WN51NB4MMMAXBJ INCRRe NVEC %% (INDIC = «3)

NOB = INITIAL CIRCUMFERENTIAL WAVE NUMBER., STARILITY
DETERMINANT WILL BE CALCULATED FOR A SEQUENCE . OF TIME
STEPS WITH N = NOR HFLD CONSTANT, IF THE STABILITY
DETERMINANT CHANGES STGN, A SEQUENCE OF EIGENVALUES :
T e e WL BE CALCULATED CORRESPONDING TO THE RANGE OF &
CIRCUMFERENTIAL WAVENI/MBERS NMINB THROUGH NMAXR IN :
INCREMENTS OF INCRR,

NMINB = MINIMUM NUMBER OF CIRCUMFERENTIAL WAVES IN

RUCKLING MODE, .
e e NMAXB 2 MANTMUM. N.LLM.&ER_QFW,{:IB.CUMRE&L{AL_M£S_JN

RUCKL ING MODFE,

INCRB = INCREMENT IN THE CIRCUMFERENTIAL WAVENUMBER TO
BE USED IN EXPLORING THE RANGE NMINB 7O NMAXB, :

NVEC = NUMBER OF EIGENVALUES PER WAVENUMBER T0 B8F SOUGHT,
THE USER SHOULD ‘SET NVEC = 1, {INDIC =2 «3)

AX%®X%  END OF INPIT DATA FOR THE INDIC = =3 OPTION AXAxsns (INDIC = =3)

4000 CONTINUE (END OF INPUT DATA FOR. THE BOSORS MAINPROCESSOR }

T A N 55 A e g

P T L e



SECTION 4

USER INSTRUCTIONS
FOR THE
BOSOR5 POST-PRCCESSOR
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*xxx%k INPUT DATA FOR THE BOSORS POST=PRNOCESSOR EHakakw

DATA 216 ** IPRINTs I1PLOD

IPRINY.

TPLOY

IF (IPRINT
IF {(TPRINT

NTHFRWISE,

-
e

T %%

= CONTROL_INTEGER FOR LIST OUTPUTeuue

IPRINT
IPRINT

IPRINT

IPRINT

CONTROL

JABPLOT
TPLNT

IPLOY

IPLOTY

*hek
3) kA%

]
{

LLI

H

2

DO NOT LISE

PREBUCKL ING STATES PRINTED FOR
SELECTED TIME STEPRS,

RUCK]L ING MODES PRINTED FOR

SELECTED CIRCUMFERENTIAL WAVE NUMBERS. .

5

INTE

PREBUCKIING STATES AND ARUCKLING
MONES PRINTED,

GER FOR PLOTTING

NO PLOTS AT aALL —

LEI ]}
=]

o
N

1]
a

PREBUCKI ING STATES PLOTTED FOR
SELECTED TIME STEPRS,

BUCKL TNG MODES PLOTTED FOR o
SELECTED CIRCHMFERENTTIAL WAVE NUMBERS,
PREBUCKI.TNG STATES AND RUCKILING '

_MODES. PLQYTER. e

GO TO
G0 TO

10 %%
10 x%x

X GO TO 4D Awk

T i e e
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SECTION 5

SOME POSSIBLE PITFALLS

SUBSECTION PAGE

5.1 "Illegal' Branching and Other ''Iilegal

Constraint Conditions 5.1
5.2 Block Sizes Too Large 5.7
5.3 Stress Resultant or Stress Discontinuities

at Junctures and Boundaries 5.9
5.4 Moment Regultants and Reference Surface

Location 5.10

o (o
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e
o
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5.1 ILLEGAL'Y BRANCHING AND OTHER "ILLEGAL"
CONSTRAINT CONDITIONS

BOSORS5 will handle arbitrary branched shells of revolution. However, the
user will at times encounter the diagnostic "illegal branching condition, constraint
peints too dense in Segment .'" Another diagnostic that may mystify the

user reads, '""Maximum block size exceeded ....

The purpose of this addendum to the user's manual is to explain the meaning
of these diagnostics and to provide the user with guidelines for changing his

model in order to aveoid them.

(1) '"Illegal' Branching Conditions

Figure l(a) represents a schematic of a stiffness matrix of a shell consisting

N(Seg. @ “ (F.
¢

s || A%
X? S
Non-Zero

— - Eiements

(a) (b) (c)

Figure 1 Stiffness Matrix Configuration

of four segments. It is always true that as the segment number i is

increased the banded global stiffness matrix fills up from the top to the
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bottom. In other words, the equations corresponding to a segment i+ 1
always come after those corresponding to segment i . The constraint
conditions (branch conditions) are not shown in Fig. 1{a). Now suppose that
we have modeled a branched shell as shown in Fig. I(b). The configuration
of the lower triangular part of the (symmetric) stiffness matrix, including
the branch conditions is given in Fig. l{c), if we consider the beginning of
segments 2 , 3 , and 4 to be "slaved' or connected to the end of

segment 1

The connection scheme shown in Fig., 1{b) is legal, and will give the user no
trouble provided the block sizes, to be described below, are not too large
(The block size may get too large if the bandwidths associated with one ar
more of the branch conditions are too large. This problem will be described

in more detail below).

Notice in Fig. l{c) that more than one rectangle of non-zero elements falls
on the same vertical line. There are three such rectangles shown in Fig. 1{e),
corresponding to the end of segment 1 being connected to each of segments

2 , 3 , and 4 . This is a permissible configuration.

However, an illegal branching condition results if the segment numbers are
shuffled such that more than one of the three rectangles shown in Fig. 1{c)

occur on the same horizontal line. This would happen if the segments were
numbered as shown in Fig. 2(a) or Fig. 2(b). Figures 2(c) and 2(d) show

the "illegal' stiffness matrix configurations that would result from the

A A e e e o e

T s iy

S
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®
\@\

Figure 2 Examples of Illegal Branching

segment arrangements given in Figs. 2{a) and 2(b), regpectively. These

two configurations are illegal because more than one condition contributes

terms to the same horizontal line or same equation. In complex cases the

BOSORS5 user should set up a diagram or diagrams such as shown in Figs. (1)

and (2) in order to check whether or not such an illegal condition or conditions

exists. Figure 3 is an example of how the user might set up a schematic
diagram of a stiffness matrix in a complicated case. This example represents

an actual engineering problem.

R s
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(2) Other "Illegal' Constraint Conditions

The other type of illegal constraint condition has to do with the "density'" of
constraint conditions in a given segment. Figures similar to 1 and 2

can be used to illustrate the situation.

(a) (b)

Figure 4 Example of Legal Closely Bpaced Juncture Condition

Figure 4(a) represents a similar structure to that shown in Fig. 1{b). The
difference is that instead of the same end point of segment 1 being connected
to the beginnings of segments 2 » 3, and 4 , different adjacent
points in Segment 1 are connected to the beginnings of segments 2 ,

3 , and 4 , as indicated by arrows. Because the rectangles (Fig. 4(b))

are arranged in a basically vertical fashion, however, this arrangement is

perfectly legal.
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Fig. 3

Stiffness Matrix Configuration for
Complicated Branched Shell of Revolution
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Figure 5 represents a situation analogous to Figs. 2(a) and 2{c) in which

the segment numbers have been shuffled. The condition is illegal because the

s N

(g)

Figure 5 fxample of Lilegal Closely Spaced Juncture Conditiong
S A

rectangles line up almost horizontally. An example of a legal condition in g
which the rectangles almost line up horizontally is shown in Fig. 6. The

test for legality is whether in the highest numbered segment involved in the

constraint or juncture condition, there are at least two unconstrained mesh

Points between those involved in the condition, Please note the qualification

4
S
&
5

"highest numbered segment involved in the constraint or juncture condition.

For example, we saw from Fig. 4 that adjacent points in segment 1  could

be "slaved" to those of segments with higher numbers.,
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Figure & Example of Legal Closely Spaced Juncture Condition

It is illegal to constrain adjacent or every other mesh point to ground,

Figure 7 shows two illegal and one legal scheme,.

(a) (b) (c)
illegoal itlegal legal

Figure 7 Constrainis to Ground
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3.2 BLOCK SIZES TOO LARGE

On occasion the user will encounter the diagnostic "Block size of Segment

No. exceeds maximum allowable - Run abort. Reduce degrees of

freedom or renumber segments. "

What is a block? In BOSORS the stiffness, mass, and load-geometric

matrices are stored on disk or drum in blocks. The logic in the program

is set up such that a given block must contain the informatian relevant to
collection of complete shell segments. The lowest possible number of
segments per block is one, of course. Figure 14 of the BOSOR4 User's

Manual, reproduced here for convenience, shows a stiffness matrix con-
figuration. Only the elements inside the "skyline! - the heavy line

enclosing all non-zero elements below and including the main diagonal--are
stored . The block size is equal to the number of little squares. The maximum
block size depends on the size of the problem. The program checks at the

end of each segment to see if the elements corresponding to the next segment

will cause the block to overflow, If they do, a new block is started.

1t occasionally happens that the number of elements within the "skyline'
corresponding to a single segment exceeds the allowable limits of max.
block size. For example, referring to Figure 14, you can imagine that if
the horizontal "Skyscrapers' corresponding to the juncture conditions in
Segment 2 were very long, or if there were very many of them, the
number of little squares within the skyline from Equation 30 to Equation 64
(Segment 2 ) might exceed the allowable limits. It is this situation that

causes the message '"Block size . . . exceeds maximum allowable . . .o
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a way around this problem by reordering the segments or dividing up the

segment with many branch conditions intc more than one segment.

5.4 MOMENT RESULTANTS AND REFERENCE SURFACE LOCATION

More than one BOSOR4 user has indicated concern about the valyes obtained

for the moment resultants M10, M20 or M1, M2. In this paragraph I wish to

emphasize that these moment resultants are the values with respect to the

reference surface, which may not necessarily be the middle surface. The

magnitude of the moment resultants depends, therefore, on the location of

the reference surface relative to the shell wall materjal. For example, in

a uniformly loaded monocoque cylinder, if the inner or outer surface is

used as the reference surface, the moments M1, M2 will approach the values

[Mi[ = [N1]t/2 ; M2 - [N2] t/2

far away from the edges (t=thickness; N1, N2=stress resultants). Note,
however, that the extreme fiber stresses are of course not dependent on
the location of the reference surface. In this connection please recall that

the commeonly used formula for extreme fiber stress

P

N, 6™
t

only applies if the shell is monocoque, if the middle surface is used as the

reference surface, and if the material behavior is elastic,
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PURPOSES OF THE SUBROUTINES OF THE BOSOR5 PREPROCESSOR

READIT
GASP

SRI10OQT

SEGMNT

The main program of the preprocessor. Calls the other subroutines,

Transfers data to and from mass storage devices. There are two
files involved: a large random-access file (called BLARGE on the
control cards) and a small Sequential ~access file {called BSMALIL
and consisting of 550 words, most of these integers which identify
where on BLARGE the random-access data blocks are stored),

Causes the elapsed CPU time from the beginning of the case to
be printed.

Causes all input data for one shell segment to be read in and
prepared for execution by the main processor,

FINDZ Linear interpolator.
STA Finds callout mesh point given various kinds

of input data, such as axial stations, arc
lengths to callouts, radij to callouts, etc.

MESH Reads in data for mesh point distribution and
calculates lengths over which energy is "integrated!
(lumped).

GEOMTY Reads in data for mexidional geometry of a shell
segment; imperfection; reference surface lacation
relative to shell wall material,

GEOM Meridional geometry of reference surface. ., .
GEOM1  Flat plate, cylinder, cone
GEOMZ  Spherical, ogival, toroidal,
GEOM2  Not used.
GEOM4  General meridional shape;

ellipsoid; hyperboloid.

GEOMS5  Not used.

GETZ Finds location of reference surface relative
to shell wall "leftmost' surface,

IMPERF  Reads in data for imperfection distribution
along meridian,

RGDATA  Reads in data pertinent to discrete ring stiffeners.

LOADRE Reads in data for temperature distribution, pressure and
surface traction distribution, and line loads.

WALLCF Reads in data for wall construction and calculates
elastic integrated constitutive law coefficients, cij'

STORIT Stores data for a given shell segment temporarily
on mass storage device,




HOOKUP

RESTOR

STORCM
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Reads in data for time variation of loads, for juncture and other

constraint conditions; calculates global axial coordinates for

plotting purposes; and derives templates for the prebuckling and

stability coefficient matrices....

WRCON writes out the constraint conditions.

ISHIFT modifies constraint conditions to account for "extra'l
mesh points added at segment ends.

ZGLOBE  calculates global axial coordinates of assembled

structure.
SKILIN calculates the ''skylines' of prebuckling matrices
and stability matrices.

Retrieves the data for each segment from mass storage and
restores same data in bigger blocks to avoid too much 1/0O
computer time in main processor runs.

Stores labeled common blocks for retrieval by main processor
and post processor.

AT -~
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PURPOSES OF THE SUBROUTINES OF THE BOSOR5 MAIN PROCESSOR

MAIN The main program, calls the other subroutines.

MAIN1 A kind of "dummy" program for storing additional Iabeled common.

GASP For reading data to and from auxiliary storage devices. {See
preprocessor)

SR10OT Calculates and prints elapsed CPU time from start of case,

FACTR Decomposes a coefficient matrix into its lower triangular form. Equatidn

SOLVE Performs back substitution for solution of equation system, Solver

GETCOM Retrieves labeled common data stored on mass storage by STORCM.
(See preprocessor)

LOADS Finds loads on the shell corresponding to the next time step.

PRE]1 Sets up and solves the nonlinear (large deflection) prebuckling
equations, given material properties,
APREB  Sets up the equations for the next Newton iteration.
SOLN Factors and solves the system of linear equations
derived by APREB
(loop over APREB and SOLN until Newton iterations converge, )

PRE22 Derives strains and stress resultants, given the solution obtained
by PREI11.

PRE33 Finds updated material properties, given new values of total strains
by PRE22,

PLAST retrieves temperature distribution and calculates new
plastic and creep strain components in shell wall and in
discrete rings, ...

FLOW uses flow or deformation theory to find plastic
and creep strain components for a given point
along the meridian and within the thickness of
the shell wall (or within discrete ring).

RPLAST finds plastic and creep strains at several
stations within each discrete ring.

PRNTC  prints the integrated shell wall constitutive
coefficients, Cij'

ARRAYS Derives the stability equations for given circumferential wavenumber,
n, and calculates the stability determinant for a given time step.
STABIL  calculates the stiffness matrix and the load-geometric matrix.
GETWWD finite ~difference expressions for variable mesh.
GETROT derives 3 x 7 matrix relating rotations of shell
wall to nodal point displacements.,
CETC stores 6 x 6 matrix for local Cij (constitutive law).
GETB1  derives 6 x 7 matrix relating strains and curvature
changes to nodal point displacements (kinematic law).
GETP derives pressure-rotation terms.
MATMU4 utility routine for finding A = BT ¢ B,
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GETD derives 4 x 7 matrix relating shell wall
displacements and meridional rotation to
nodal point displacements,

GETG derives stiffness matrix for discrete ring;
load-geometric matrix for discrete ring.

FILLB assembles local 7 x 7 matrices into global matrix.

MAPRIN not called by program in its present form. Prints
out local matrices. A tool for debugging.

BUCKLE Eigenvalue solver for given circumferential wavenumber, n,
EBANDZ Uses inverse power iteration method to extract eigenvalues

for stability problem.

T T T e i o @
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PURPOSES OF THE SUBROUTINES OF THE BOSOR5 POST PROCESSOR

POST
GASP

SR100T
GETCOM

POSTZ22

PRE33

MODE

PLOTIT

The main program of the post processor, calls the other subroutines.

Causes data to be transferred to and from auxiliary devices. (See
preprocessor)

Not used.

Retrieves labeled common data stored on mass storage by STORCM.
(See preprocessor)

Calculates prebuckling displacements and stress resultants from
solution vector corresponding to a given load or time step.

Calculates plastic and creep strain components and prints these out
for all meridional stations and integration points through the shell

wall thickness.

PLAST
FLOW see the definitions given in the section on the
RPLAST main processor.

Calculates the buckling modal displacements from the eigenvector
obtained by EBAND2Z (see main processor).

Plots various information (presently only SC4020 plot software
is available).

GEOPLT Undeformed and deformed prebuckling and buckling
modal structures are plotted.

ARROW  Affixes arrows showing direction of line loads and moments.

PLOTOP Plots displacements and stress resultants and modal
displacements in x,y frames. Information for all shell

segments plotted in series,
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