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INTRODUCTION
ABSTRACT

This user guide introduces one to the use of "SUBSTRC," a
finite element computer program for static analysis of nonlinear
structures. It describes the input data format; and it demon-
strates the use of several data generating programs. It also
shows sample "SUBSTRC" output and the use of several programs
to display the analysis results graphically.

ADMINISTRATIVE INFORMATION
This documentation was funded by SSBN Systems Technology Program Task 22234:
"MARCSTRUC Documentation,'" Work Unit 1720-634.

CHAPTER 1
INTRODUCTION

"SUBSTRC" is a Fortran, substructure, finite element program for nonlinear
analysis of static structures. It contains a library of elements which may be used
in combination to effect the analysis of a structure. Several types of tying con-
straints are available, allowing different element types to be tied together as well
as permitting the imposition of displacement constraints.

Elastic~plastic and large displacement analysis is performed in a series of
piece-wise linear increments. The formulations from both references {MARCVOLV}l*
and {JONES73} are selectable.

The hardware configuration to run "SUBSTRC" is detailed in {POLICY}.

1.1 USER PREREQUISITES

A Finite Element Method (FEM) Computer Program for nonlinear analysis such as
"SUBSTRC" cannot be approached casually. We recommend that a user be well grounded
in his knowledge of the physical behavior of real structures so that "impossible"
answers from a program are recognized as impossible. We recommend that a user be
familiar with the FEM program he is using: this includes knowledge of the accuracy,
the applicability, and the idiosyncrasies of the program. These may be gained by

vxperience, which should be garnered from the running of '"small'" test cases. We

*References are enclosed in braces {and}. A complete listing of references
is given in Chapter 15.
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HARDWARE AND SOFTWARE REQUIREMENTS

recommend that a user be familiar with the computer system he is using: this in-
cludes knowledge of the accuracy and the idiosyncrasies of both the hardware and
software. Reliable descriptions of the machine accuracy can usually be obtained

from the manufacturer's documentation. The system software changes quite frequently,
and it is good to have a local expert to explain, in your terms, the latest changes

and their effects.

1.2 HARDWARE AND SOFTWARE REQUIREMENTS

"SUBSTRC" is a large program that executes on the Control Data Corporation 6000
suries computers detailed in {POLICY}. At the time of this writing, the David W.
Taylor Naval Ship Research and Development Center (DTNSRDC) CDC 6000 machines are
using the '""NOS/BE" operating system.

Effective FEM analysis is usually recognized as a three part sequence: pre-
analysis, analysis, and post-analysis. The pre-analysis stage consists of preparing
and manipulating the input data to the analysis program, and the post-analysis stage
attempts to answer the question, '"what did we get?" Although the pre-analysis stage
could be completely done with punched cards, and the post-analysis stage could be
done by visually scanning the analysis printout, there are better ways.

The fastest way to complete the pre-analysis stage is through the use of as
much of the cumputer as possible. Interactive use of an editor (such as "NETED"
+NETED}) will speed production of data card images. Other simple programs are easily
written to speed input preparation. Pictures of the structure to be analyzed are no
longer a luxury; they are required. These are most easily generated with interactive
graphics programs such as "STAGING" {STAGINREF}. Programs for specific use with
"SUBSTRC," '"MARCCDC,'" and "TRAINS" are documented in this report. They include:

« "BEAMX" to generate coordinates for open section beam elements.

« "CM" to determine the central memory required by ''SUBSTRC."

+ "SHELLX" to generate coordinates for doubly curved isoparametric shell

elements.

« "STON" to convert "SUBSTRC" format data to NASTRAN format data for use of

NASTRAN developed software.
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+ "WABS" to prepare the intermediate file -JEWIN> for ''SUBSTRC."

"'SUBSTRC'" stands by itself as the analysis component of the FEM system.
However, several procedures are helpful to nonlinear analysis. These include:

« "HOLD" to preserve the results of a nonlinear analysis step.

+ "RESTART" to set up the operating system for continued analysis of a

nonlinear problem.

The post analysis phase also requires interactive use of the computer for
effectiveness. System editors allow scanning of the output files to search for
desired items quickly. Pictures, again, are not a luxury; they are required for
visualization of the behavior of the mathematical model of the structure. Programs
for this purpose are documented in this report. They include:

+ "ADTOC" to add displacements to the original coordinates (and hence permit

display of a displaced structural model).

+ "DFLSIFT" to ¢nable editing of the '"SUBSTRC" displacement output file (and

hence select areas of interest for display).

+ "REVISE" to enable cheap revision of the restart files.

« "STRSIFT" to enable editing of the "SUBSTRC" stress output file (and hence

select areas of interest for display).

* "CRUMBLE,'" a procedure to break a file apart for easy display.

1.3 ORGANIZATION OF THIS REPORT

It is indeed unfortunate that the information needed to pursue structural
analysis on a computer cannot be presented to a new user sequentially but must pro-
ceed across a rather broad technical spectrum. Hence, we first include a list of
all the elements in the "SUBSTRC" library, with the idea that the elemental modeling
capabilities of the program are of immediate interest. This is followed by "a
simple example,'" making use of several of the auxiliary programs. When you read
this chapter, take some of the things that you don't understand on faith until you
can read the documentation for these programs. If questions remain (or even
increase!) after reading these other chapters, experiment by executing the programs

in question with FEM data characterizing the problem.
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Following '"a simple example' alphabetically are the documents describing the
software. Perhaps the best place to begin reading is Chapter 13: "WABS" (the name
derives from Program W, Absolute Load). Then try Chapter 10: 'SHELLX," the pro-
gram which produces coordinates for triangular and quadrilateral shell elements
8 and 20 respectively. Others may be read as necessary.

While writing this book, I discovered that it would simplify things considerably
if each chapter had page numbers commencing from 1. Because each chapter (save the

element library) also contains the title of the chapter at the top of each page, I

felt this would also be a satisfactory arrangement for the reader.
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ELCMENT LIGRARY

THe ELeMENT LIBRAKY CONTAINS cLEMENTS WHICH OATE FROW THE
ORIGIN OF THE "RAKCCOC® COMPUTER PROGRAM UP THRU VERSIOM °*H°*
OF THAT CGOte ELEMENT 20, HOWEVER, WAS DEVELOPED AT THE
ODAVYID TAYLOR NSR#DGC BY JONES FOR THE ANALYSIS OF DOuUBLY
GURVED THIN SHelLS. THE FOLLOWING IS A BRIEF DESCRIPTIGN OF
THe ELEMENTS IN THE *SUBSTRC' LIBRARY, FOR MORE OETAILS.
CONSULT ThHE APPROPRIATE REFERENGES.

1. TWO NODE AXISYMMETRIC SHELLe. THIS ELEMENT IS AN
AXISYMMETRIC THIN SHELL ASSEMBLED i LOCAL
COOROINATES WHWICH IS THEN ROTATED INTO THE GLORAL
SYSTEMe ITS DEVELOPMENT IS OETAILED IN (KOJASITEH)},
AND CETAILS OF ITS USE ARE SPECIFIED IN {MARCVOL1}.
IF POSSIBLEs USE ELEMENT 15 INSTEAD.

2. AXISYMMETRIC TRIANGULAR RING. THIS ELEMENT IS AN
AXISYMMETRIC SOLID ®0DY OF REVOLUTION. ELEMENT 10
IS A BETTER ELEMENY, AND SHOULD B8& USED. IF
rOSSIBLE. ITS STIFFNESS IS FORMED IN Lacal
COORCINATES AND THEN ROTATEDO INTO THE G6LOBAL
SYSTEMe OEVELOPMENT OETAILS ARE GIVEN IN {(CLWUGH}
AND OETAILS OF ITS USE ARE SPECIFIED IN (MARCVOL1).

3. PLANE STRESS QUADRILATERAL. THIS IS A FOUR NOOE
ISOPARAMETRIC QUADRILATERAL ELEMENT. THE ELFMENT
IS F*CRMEQG BY A MAPPING FROM THE X=-Y PLANE TO THE
G=H PLANE, THE STIFFNESS IS FORMED RY 2 x 2
GAUSSIAN INTEGRATION. DEVELOPMENT DETAILS ARE
GIvem IN (ZIENKIEWICZ) AND ODETAILS OF ITS USE ARE
SPECIFIED IN (MARCVOL1Y.

4, VAGANT.,

5. BEAM COLUMN. THIS ELEMENT IS A STRAIGHT, VTWO-NGODE.
KRECTANGULAR SECTION BEAM-COLUMN ELEMENT. ELEMENT
16 1S THE BETTER ELEMENTe AND SHOULD B8& USED IF
POSSIBLE. DEVELOPMENT DETAILS ARE BIVEN 1IN
(ZIENMKIEWICZ) AND DETAILS OF ITS USE ARE SPECIFIED
IN (MARCVOL1}.

6. TWO DIMENSIONAL PLANE STRAIN TRIANGLE. THIS
ELEMENT IS THE CONSTANT STRESS (PLANE STRAIN)
TRIANGLE BASED ON LINEAR DISPLAGEMENT ASSUMPTIONS.
IF POSSIBLE, ELEMENT 11 SHOUWWD BE USEDe AS IT IS
THE BETTER ELEMENT, DEVELOPMENT ODETAILS ARE CGIVEN
IN {ZIENKIEWICZ) AND DETAILS OF 1ITS USE ARE
SPECIFIED IN (MARCVOL1).

7. THRtE OTIENSIONAL B8RICK. THIS IS AN EIGHT NODE
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8.

9.

11.

12.

13,

ISOPARANETRIC ELcMENT. BETTER RESPONSE IS OBVTAINED
FRUM ELEMENT 21, HOMEVE®R, WHICH SHOWD BE USED. IF
F0SSi8Le. DEVELOPMENT  OETAILS ARE GIVEN IN
(ZIchNKIEWICZ) AND OETAILS OF ITS USE ARE SPECOFIEOD
IN {(FARCHOL1L).

LOUBLY CURVED TRIANGULAR SHeblLe THIS ELEMENT IS AN
IS>UPARAMETRIC OouBLY CURVED TRIANGULAR BHELL
tLeMENT BAScO ON THE KOITER-SANDERS SHELL THEORY.
THIS eleMENT FULFILLS ALL CONTINUITY REQUIREMENTS
AND REPRESENTS <IGID 8aDY MOTIONS EXACTLY,
LEVELOPMENT DETAILS ARE GIVEN IN (DUPUISH AN
ucTAILS OF [TS USE ARE SPECIFIED IN {MARCVOL1'}.

THect OIMENSIONAL TRUSS. THIS ELEMENT IS THE
SInPLE LINEAR STRAIGHT TRUSS WITH CONITANT CRASS
StCTION. THE STRAIN=OISPLACEMENT RELATIONS ARE
nKITTEN FOR LARGE STRAIN, LARGE OISFLACEMENT
ANALYSIS. DEVELOPMeNT  ODETAILS ARE GTIVEN IN
(ZIzMKIEWICZY AND OcTAILS OF ITS USE ARE SPECIFIED
IN (MARCVOL11}.

QGUAORILATERAL AXISYMMETRIC RING. THIS ELEMENT IS
THe SAME FORMULATION AS €ELCEMENT 3, WRITTEN FOR
hXISYMME TRIC GEQMCTRY, 1T IS AN ARBITRARY
AXISYMMETRIC QUADRILATERALLY SHAPEO RING SOLIDa
DEJcLOPMENT DETAILS ARc GIVEN IN (ZIENKIEWICZY ANC
Ut TAILS GF ITS USE AxE SPECIFIED IN (MARCVOL1Y.

WUADRILATERAL PLANE STRAIN, THIS ELEMENT IS THE
SAMe FORMULATION AS tLEMENTS 3 AND 10, MRITTEN FOR
PLANE STRAIN. DEVcLOPMENT DETAILS ARE GIVEN IN
{ZI<MKIEWIGZY} AND DcTAILS OF ETS USE ARE SPECIFIED
IN (FPARCWOL1}.

VACANT.

GPcN SECTION THIN WALL BEAM. THIS ELEMENT TS AN
UPcN SECTIONs CURVLD, THIN WALL BEAM BFAM OF
ARJLITRARY ScCTION, THE GEOMETRY IS INTFRPOLATED
CUsICALLY F<DM GUOROINAT- AND OIRECTOR INFORMATION
AT TwO NODESe. DEVELOFHMENT OETAILS ARF GIVEN IN
{VLASGOVY} AND DETAILS OF ITS USE ARE SPECIFIED 1IN
(MarCVOL1Y,

“wlJlseD SeCTIUN BeAR IN THRE: OIMENSIONS. THIS IS A
SIMPLE CLOSEU SCTION STRAIGHT BEAM ELEMENT MITH NO
WARPING GF THE StCVION, BUT INCLUDING TWIST. THE
ULFAULT CROSS SECTION IS A THIN WALLED CIRCULAR
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15.

1o.

17 .

148.

14.

CYLINDER: THE USER MAY SPECIFY ALTERNATVE <CROSS
SECTIONS THROUGH THE USE OF SUBROUTINE °CSECT.°*
GEVELOPMENT DETAILS ARE GIVEN 1IN (VLASOVY ANC
CETAILS OF ITS USE ARE SPECIFIED Im (MARCVOL1).

AXISYMMcTRIC ISCPARAMETRIC SHELLe THIS ELEMENT IS
A TWO NODEe AXISYMMETRIC THIN SHELL ELEMENT WOITH A
CLUBIC OISPLACEMENT ASSUMPTION BASED ON THE 6LOBAL
UDLSPLACEMNTS AND THEIR DERIVATIVES WITH RESPETT TO
UISTANCE McASURED ALONG THt SHELL. THE STRAIN
DISPLACEMENT RELATIONS ARE SUITABLE FOR LARGE
UISPLACEMENTS WITH SMALL STRAINS. THE STRESS
STRAIN RELATICNSHIP IS INTEGRATED THROUGH THE
THICKNESS BY AN 11-POINT SIMPSON®S RULEs THE FIRST
AND LAST POINTS BEING ON THE SURFACE. FIVE POINY
GAUSSIAN INTEGRATION IS USED ALONG THE ELEMENT,
UETAILS OF ITS USE ARE SPECIFIED IN {(MARCVOL1}).

ISUFARAMETRIC GURVED 2-D BEAM. THIS ELEMENT IS A
TWO NODEs ISOPARAMETRIC CURVED BEAM WITH A TUBIC
GISPLACE MENT ASSUMPTION BASED ON THE GLOBAL
GISPLACEP®ENTS AND THeIR DERIVATIVES WITH RESPETY TO
OISTANCE MEASUREOD ALONG THE BEANM. THE STRAIN
DISPLACE BENT RELATIONS ARE SUITASLE FOR LARGE
ULSPLACEMENTS WITH SMALL STRAINS, THE STRESS
STRAIN RELATICNSHIP IS INTEGRATED THROUGH THE
THIGKNESS BY AN 11-POINT SIMPSON’S RULE. THE FIRST
ANO LAST POINTS BzING ON THE SURFACE. FIVE POINT
GAUSSIAN INTEGRATION IS USED ALONG THE ELEMENT.
THE DEFAULT CROSS SECTION IS A SOLID RECTAMNGLE.
OGETAILS OF ITS USE ARE SPECIFIED IN (MARCvVOL1}.

VAGANT.

FOUR NODE ISOPARAMETXIC MEMBRANE. THIS ELFMENT IS
A FOUR NODE MEMBRAN: ELEMENT IN THREE SPACE. BASED
CN THE FIRST ORUOER ISOPARAMETRIC FORMULATION. THE
cLedENT IS SENSITIWE TO SEVERE DISRORTION: A
RECTANGULAR MESH IS KECOMMENDED. OETAILS OF 1ITS
USE ARE SPECIFIEO IN (MARCVOL1}.

GENERALIZEO PLANE STRAIN QUADRILATERAL. THIS
e LCMENT IS AN EXTENSION OF THE PLANE STRAIN
ISUPARAMETRIG QUADRILATERAL (ELEMENT 11)

GEWcRALIZED T0 THE PLANE STRAIN CASE. THE
GENERALIZEDO PLANE STRAIN CONOITION IS OBTAINEG 8Y
ALLOWING TMJ EXTRA NODES IN EACH ELEMENT. DFTAILS
UF ITS USE ARE SPECIFIED IN (MARCVOL1}.

e e e SR S di— etiieansie it AR R e e A R
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2ae

21.

UOUBLY CURVED QUADRILATERAL SHELL. THIS ELEMENT IS
AN EXTENSION OF THE TRIANGULAR 0O0OUBLY CURVED SHELL
(ELEMENT 8). IT IS AN ISOPARAMETRIC DOUBLY GURVED
QUADRILATERAL ELEMENT BASED ON THE KOITER-SAGDERS
SHELL THEORY, THIS ELEMENT FULFILLS ALL CONTINUITY
REQUIREMENTS AND REPRESENTS RIGID B00Y MOT'IOMS
EXACTLY, DEVELOPMENT OETAILS ARE GIVEN 1IN
(JONES77Y AND DETAILS OF ITS USE ARE SPECIFIED IN
(MARCVOL1).

THREE DIMENSIONAL 20-NODE BRICK. THIS ELEMENY IS
AN ISOPARAMETRIC THREE OIMENSIONAL BRICK. EACH
c06c FORMS A PARABOLA, SO THAT 8 NODES DEFINE THE
CORNERS OF THE ELEMENT AND A FURTHER 12 NOGES
UEFINE THE POSITION OF THE MIDOSIDE NODES. THIS
ELEMENT IS A RAPIJLY CONVERGING ELEMENT FOR THREE
CIMENSIONAL ANALYSIS. DETAILS OF ITS USF ARE
SPcGCIFIED IN (MARCVOLLY,
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A SIMPLE EXAMPLE
INTROOUCTION

3.1 INTROOUCTION

HERE WE PROCEED FROM THE GLEAM IN THE EYE TO THE
NUMBERS COMING OUT OF *SUBSTRC’., HE START NITH
CONSIDERATION OF A (TRIVIAL) MATHEMATICAL MODEL. WE
THEN GENERATE THE GRIDPOINT COOROINATES WITH TWO OF THE
AUXILIARY PROGRAMS. THESE ARE MERGED INTO A FILE OF
DATA INPUT TO “NWABS‘, WABS ANALYZES THE DATA FOR
ERRORS, WHEN ERROR=-FREE DATA ARE INPUT, OR THE
*GOERRORS® FLAG IS SET, WABS PRODUCES THE <NEWIN> FILE.
<NEWIN> CAN BE USED FOR PROCESSING WITH PLOTTERS
(THROUGH °*STON’) IF DESIREODS EVENTUALLY, IT IS PASSED AS
INPUT TO °*SUBSTRC’s SUBSTRC THEN ANALYZES THE MOOEL - )
PRODUCES A DEFLECTION AND STRESS OUTPUT FILE.

THIS CHAPTER IS THE MOST °'DATED* OF ANY OF THE
PARTS JF THIS B8O0K FOR THE SIMPLE REASON THAT IT
DESCRIBEZS WAYS TO USE PARFS OF THE COC OPERATING SYSTEM
AT DTNSRDC. OUR OPERATING SYSTEM (NOS/BE 1) IS UPGRADED
AT IRREGULAR INTERVALS WITH ‘IMPROVEMENTS’ WHICH CHANGE
CURRENT PRACTICE ONLY INCREMENTALLY. THE CUMULATIVE
PROCESS IS NON-LINEAR AND SIGNIFICANT: WHAT WORKS TODAY
MAY NOT (READt PROBABLY NOT) WORK A YEAR FROM NOW. IF
THIS INDEED OCCURS, CONTACT OTNSROC CODE 1892
(COMPUTATION, MATHEMATICS AND " LOGISTICS DEPARTMENT?
USERS® SERVICES).

IN RE THE FIGURES ASSOCIATED NWITH THIS CHAPTER!S
NOTE THAT INPUT AND OUTPUT FILES FROYM VARIOUS PROGRAMS
ARE PRESENTED., OUE TO LIMITATIONS OF THE PRINTER USED
TO PROJUCE THIS DOCUMENT, ONLY THE FIRST 132 COLUMNS OF
THESE FILES ARE DISPLAYED.

3.2 MATHEMATICAL MOODEL

3.201 PHYSICAL OATA

WE CHOOSE TO MODEL A RIGHT CIRCULAR CYLINDER OF
RADIUS b61.625 INCHES AND THICKNESS 0.5 INCH. THE
CYLINDER IS STIFFENED WITH T-FRAMES OF DIMENSIONS SHONN
IN FIGURE 3.1. THE FRAMES ARE LOCATED ATSs THE HALF

13




A SIMPLE EXAMPLE
MATHEMATICAL MODEL

LENGTH OF THE CYLINDER, AND AT INTERVALS OF 11,0 INCHES
IN BOTH DIRECTION THEREFROM., THE CYLINDER IS MADE OF

STEEL (YOUNG*S MODULUS = 3EQO7 PSI} POISSON’S
RATIO = 0.3), TOTAL LENGTH OF THE CYLINDER IS 69.0
INCHES., THE CYLINDER IS EXPECTED T0 DEFORM

AXISYMMETRICALLY, AND SYMMETRICALLY ABOUT ITS HALF
LENGTH,

3.242 MODELING CONSIDERATIONS

MI CAN MOOEL HALF THE STRUCTURAL LENGTH DUE TO
SYMMETRY AT THE HALF LENGTH, WE EXPECT AXISYMMETRIC
BEHAVIORy SO WE CAN MODEL 1 QUADRANT OF THE SHELL WITH A
SINGLE CURVED SHELL QUADRILATERAL ELEMENT. THIS ALLOWS
EASY APPLICATION OF BOUNDARY CONDITIONS. END LOADING
WILL BE MODELED 8Y THE APPLICATION OF TWO POINT LOADS.
WE ARBITRARILY CHOOSE TO MODEL THE STRUCTURE WITH 2
SUBSTRUGCTURES (THERE MUST BE AT LEAST 2 SUBSTRUCTURES,
AND EACH SUBSTRUCTURE MUST HAVE AT LEAST 1 INTERNAL
NODED »

A SKETCH OF THE MODEL IS SHOWN IN FIGURE 3.2,

14
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A SINPLE EXAMPLE
INPUT TO °‘WABS’

3.3 INPUY TO °*WABS’

3.3.14 SHELL ELEMENT COORDINATES

ME SHALL GENERATE THE COORDINATES FOR EACH
SUBSTRUCTURE SEPARATELY.

AN EASY WAY 10 GEMERATE COORDINATES IS
INTERACVTIVELY (IT IS ASSUMED HERE THAT YOU HAVE AN
ACTIVE [INTERCOM ACCOUNT ON THE DTNSRDC COMPUTER
SYSTENS) . PROCEED THRU THE LOGIN PROCEDURE AS OUTLINED
IN (CCRM)}?

1« TURN THE TERMINAL ONs SETTING THE APPROPRIATE
SHITCHES FOR THE TERMINAL YOU AR:Z USING.

2+ OIAL THE COMPUTER NUMBER APPROPRIATE TO THE
SPEED OF THE TELSPHONE LINE YOU ARE USING.

3. WHEN COMMUNICATIONS HAVE BEEN ESTABLISHED, THE
COMPUTER WILL RESPOND NWITH A GREZTING MWHICH
APPEARS LIKE?

NSRDC 6X00 INTERCOM V X,.Y
OATE MM/DO/YY
TINE HHoMM,SS

YOU THEN TYPE?R

LOGINy YOURID<CR>
XXXXXXXXXX<CR> ENTER ACCESS NUMBER

HERE WE EMPLOY ‘<CR>* TO INDICATE A CARRIAGE
RETURN, YOU NEED TYPE ONLY THOSE LINES WHICH
END WITH *<CR>*3 ALL OTHERS ARE PRINTED BY THE
SYSTEM,

WHEN THIS HAS BEEN CORRECTLY COMPLETEDs THE
INTERCOM PROMPT IS DISPLAYED?

COMMAND-

15




A SIMPLE EXAMPLE
INPUT TD °‘WABS’ = SHELL ELEMENT COORDINATES

WE ASSUME FROM THIS POINT IN THE CHAPTER, THAT YOU WILL
REPLY TO THE INTERCOM SYSTEM ONLY AT THE POINTS
IMMEDOIATELY FOLLOWING THE INTERCOM PROMPT *COMMAND=-‘,
THUSs, FOR EXAMPLE, IN THE COMMUNICATIONS

COMMAND= SHELLX.<CR>

END SHELLX

+«192 CP SECONIS EXECUTION
COMMANO-

THE ONLY CHARACTERS TYPED BY YOU ARE °*S‘'s ‘H’y ‘E‘’» ‘L’
‘L' °X*y AND <CR>, ALL OTHER CHARACTERS ARE INTERCOM
RESPONSES.

ME MANT TO GENERATE THE COORDINATES USING THE
PROGRAM *SHELLX® BY USING THE FAST TEXT COITING PROGRAM
*NETED®* CNETED}e SO,

COMMAND= ATTACH,NETED<CR>
PFN IS NETED

PF CYLE NO. = 001
COMMAND~

NON THAT NETED IS AVAILABLE, WE CAN BEGIN.

COMMAND- NETED,A<CR> (% STARTS NETED ®)
~=CERL=-8KY=NETED X,V

A SNPTYe INPUT.

I>»

NOTES

o TEXT ENCLOSED IN “(** AND **)* ARE BRIZF COMMENTS
ON THE ACTION TYPED ON THAT LINE.

e MHEM YOU ARE EDITINGy NETED PROVIDES ONE OF TWO
PROMPTSE *I>* TO INDICATE THAT AN INPUT LINE IS
EXPECTED, AND ‘E>°* TO INDICATE THAT AN EDIVTING
COMMAND IS EXPECTED. IN A MANNER SIMILAR TO
EXECUTION OF COMMANDS 1IN INTERCOM, VYOU ARE NOT
EXPECTED TO TYPE EITHER OF THESE PROMPTS YOURSELF!
THEY ARE INCLUDED TO ILLUSTRATE SYSTEM BEMAVIOR.

WE PROCEED TO ENTER EACH LIMNE OF INPUT FOR THE PROGRAM
‘SHELLX??S

I» CYLINDER<CR>
I> 1 00 61.625<CR>
I» 2 90<CR>
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A SIMPLE EXAMPLE
INPUT TO °*WABS’ = SHELL ELEMENT COORDINATES

I» 3 0 6.,<CR>
I»> & 9C<CR>

I» 5 0 17.<CR>
I»> 6 90<CR>

I>» (<CR>»

E>»

THE SOLITARY DOT (,) ON THE LAST LINE SIGNALS °’NETED’
TO LEAVE THE INPUT MODE AND ENTER THE EDIT MOODE. SINCE
THE DATA APPEAR CORRECT, WE SAVE THE FILE BYS

E» SAVE<CR>
A WRITTEN (* NETED RESPONSE *?
COMMAND-

WE ARE NONW OUT OF NETED AND BACK INTO INTZRCOM., WE WANT
TO GET THE PROGRAM *SHELLX® TO OPERATE ON THEZ INPUT FILE
<A>e THIS IS DONE WITH?

COMMAND= ATTACH, SHELLX, ID=CSPR<CR>
PFN IS SHELLX

PF CYCLE NO, = 000

COMMAND-

NOW, ME HAVE 2 PROGRAMS TO WORK MWITH: ‘NETED’ AND
*SHELLX?e TO EXECUTE SHELLXs WE TYPES

COMMAND= SHELLX<CR>

END SHELLX

«192 CP SECONDS EXECUTION TIME
COMMAND-

TO SHOW WHAT FILES EXIST AT OUR TERMINAL, WE DOt

COMMAND~- FILES<CR>

«=L0CAL FILES=--

®NETED * SHELLX A 8 ouTPUTY
COMMAND-

WE NOW HAVE SEVERAL OPTIONSS

1. OUTPUT CAN BE SCANNED AT THE TERMINAL USING
*NETED® OR ‘PAGE* (PAGE}, ORe IT CAN BE SIMPLY
COPIED TO THE TERMINAL USING ONE OF THE SYSTEM
corPy UTILITIES (°COPYE"* IS PROBABLY THE
FASTEST), ALTERNATIVELY, IT CAN BE ROUTED TO A
PRINTER {(CCRM}. WE OPT FOR THISs AND SHOW THE
OUTPUT PRODUCED BY THE XEROX PRINTER AT OTNSROC
IN FIGURE 3.3,
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A SINPLE EXAMPLE
INPUT T) °‘WABS’ = SHELL ELEMENT COORDINATES

2. FILE <B> CAN BE ROUTED TO A PUNCHy, AND CARDS
MADE OF THIS FILEe HOWEVER, IT IS EASIER 7O
STORE <B> AS A PERMANENT FILE FOR ACCESS LATER,
WHEN WE WILL MERGE IT WITH OTHER INPUT DATA.
THIS IS DONE BYS

COMMAND=- CATALOG.ByASEXYZSUB1+1D=YOUR<CR>
INITIAL CATALOG
RP = 030 ODAYS

Crt ID= YOUR PFN=ASEXYZSUuB1
Cr Cvy= 001 08000003 PRUS $0000.01 /DAY
COMMAND-

NOW WE NEED THE COORDINATES FOR SUBSTRUCTURE 2.
THIS MAY BE EASILY ACCOMPLISHED BY MOOIFYING THE EXTANT
FILE <A> SUCH THAT THE Z COOROINATES APPLY TO THE SECOND
SUBSTRUGTURE. THIS CONVERSATION PROCEEDS AS FOLLOWSS

COMMAND- UNLOAD,B<CR>» (* REMOVE OLD <B» *)
COMMAND~- NETEQBsA.
~=CERL=-BKY=-NETED X.Y

EDIT.

E>» L 1<CR> (* LOCATE THE FIRST *1° %)
1 0 0 6L.625 (* NETED ECHO %)

E» R 1 0 17,0 61.625<CR> (* REPLACE THAT LINE *)

E» L 6.<CR> (* LOCATE ‘6.° *)

30 6.

E» C /6.728./7<CR> (¥ CHANGE ‘6.’ *)

3 0 28,

E>» C /717/39/738<CR> (* ALL *17° TO *39* %)

50 39,

<BOTTOM OF FILE>
E>» SAVE<CR>»

A HRITTEN
COMMAND-

NOW WE ARE BACK INTO INTERCOM READY TO RUN *SHELLX’
AGAIN WITHS

COMMAND- SHELLX<CR>»

END SHELLX

«191 CP SECONDS EXECUTION TIME
COMMAND-

WE CATALOG THIS FILE <B> AS ‘ASEXYZSUB2°‘,

" 18
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A SIMPLE EXAMPLE
INPUT TO °*WABS' - BEAM ELEMENT COORDINATES

3,32 S3EAM ELEMENT COORDINATES

IN A SIMILAR MANNER, WE GENERATE THE INPUT FILE YO
*BEANX’ USING NETED, AND EXECUTE BEAMX FROM THE
TERMINAL. NE CATALOG THE DATA FILES FROM BEAMX AS
*ASEBEAMXYZSUBL® AND °*ASEBEAMXYZSUB2°., FIGURE 3.4 SHOWS
THE INPUT TO *BEAMX®’ FOR SUBSTRUCTURE 1, AND FIGURE 3.5
SHOWS THE OUTPUT FOR THIS SUBSTRUCTURE. THE FILES FOR
SUBSTRUCTURE 2 ARE SIMILAR, AND ARE NOT SHOWN HERE.

333 JTHER DATA

ALL OF THE OTHER DATA REQUIRED FOR *WABS* CAN BE
ASSEMBLED FROM THE TERMINAL BY MERELY TYPING IN THE
REQUIRED CHARACTERS. LET’S ASSUME WE HAVEZ ALL THE OTHER
DATA ON A FILE CALLED <OTHER», AND WE HAVE MARKED THE
PLACES WHMERE THE SHELL AND BEAM COORDINATZS ARE TO B€
INSERTED WITH LINES AS FOLLOWSS

L]

]
COJROINATES
20
*XvYz20syst
COORDINATES
13
LXVZ13SuBi
s

|
COJRDINATES
20
exvyza20suse
COORDINATES
13
LxXvzi3suaz
L]

t

NOW WE MEED THE FILES OF COORDINATES WE MADE EARLIER.
SG,
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A SINPLE EXANPLE
INPUT T) °*WABS’ « OTHER DATA

COMMAND~- ATTACHsX201,ASEXYZSUBL1,I0=YOUR<CR>
PF CYCLE NO., = 001%

COMMAND= ATTACH,X2024ASEXYZSUB2,ID=YOUR<CR>
PF CYCLE NO. = 001

COMMAND= ATTACHsX131,ASEXYZBEAMSUBL1,ID=YQUR<CR>
PF CYCLE NO. = 001

COMMAND- ATTACH,X132,ASEXYZBEAMSUB2,I0=YOUR<CR>
PF CYCLE NO. = 00%

COMMAND=- NETED, OTHER<CR>

==CERL=BKY NETED X,Y

EOIT.

E» F # (* FIND THE FIRST ¢3e »)

*XYZ20SyBt (®* NETED ECHO *)

E> D (®* DELETE THIS MARKER *)

E» M X201 (* MERGE COORDINATES *)

X201 HMERGED.,

E> F (* FIND THE NEXT c¢=e »)

*Xvz2osuse

E> D (* DELETE THIS MARKER ¥) '
E» M X202 (* MERGE AGAIN %)

X292 MERGED,

E>» T (* GO TO TOP OF FILE *)

TOP OF FILE>

E>» F & (* FIND THE FIRST ¢°* %)

LXyz13sy81

E» D (* OELETE *)

E> ¥4 X131 (* AND MERGE *)

X131 MERGED.

E>» F (* FIND THE NEXT *g° ») 1
LXYZL3ISUB2 |
E> D (* ETC *)

E> M X132

X132 MERGED,

E> SAVE DATA H

DATA MRITTEN.
COMMAND-

NOW ME HAVE A COMPLETE SET OF DATA READY FOR 'WABS’ W
WHICH WE WANT TO PRESERVE ON A PERMANENT FILE SOMEWHERE
SO ME CAN CHANGE IT LATER (IF NECESSARY), OR SO WE CAN {
INCLUDE LT IN A REPORT (LIKE THIS ONE), OR SO WE CAN USE
IT MITHOUT HAVING TO READ THE FILE LATER FROM CARDS
(SAVES TREES AND AVOIDS MALFUNCTIONING CARDREADERS)s OR
SO ME DON'T LOSE THE FILE IF THE COMPUTER SHOULD DIE (A
RARE OCCURRENCE, BUT A POSSIBILITY),
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A SIMPLE EXANPLE
INPUT TO °*WABS’ -~ OTHER DATA

ME CATALOG THIS FILE AS 'ASEWABSINPUT’s. FIGURE 3.6
SHONS THIS FILE,

3.4 WABS EXECUTION

WABS WAS DESIGNED TO EXECUTE IN A SMALL AMOUNT OF
CENTRAL STORAGE SO THAT IT COULD BE RUN BOTH
INTERACTIVELY AND BATCHLY, THE INTERACTIVE ENVIRONMENT
IS MOREZ INTENSE, IN THAT THE RESPONSE IS FAST ENOUGH TO
EXECUTE A PROGRAM WHILE THE CHARACTERISTICS OF THE
THINGS YOU ARE WORKING WITH ARE FRESH IN YOUR MIND., IT
IS PROBABLY IMPOSSIBLE TO SHOW THIS ENVIRONMENT ON A
PRINTED PAGE, SINCE TKHE TIME OIMENSION IS COMPLETELY
LACKING, HOMEVER, THE USE OF INTERACTIVE TOOLS YO
EXAMINE FILES (SEE C(PAGE)} AND (NETED)}) ARE SO POWERFUL
THAT IT IS WORTH SPENDING SOME TIME TRYING TO GIVE THE
FLAVOR OF THE OPERATION. NOTE THAT INTERACTIVE USE
COMPLETELY ELIMINATES WAITING IN QUEUSS FOR OTHER
PEOPLES J0B8S TO BE READ IN OR PRINTED. FIRST, LET US
SEY UP A BATCH JOB TO EXECUTE WABS, AND THEN EXAMINE THE
EQUIVALENT INTERACTIVE J0B(S).,

J.bol BATCH EXECUTION

£« THE USUAL BATCH ENVIRONMENY USES PUNCHED CARDS.

HENCE, WE PROCEED TO THE KEYPUNCH (WHERE THERE
MIGHT BE A QUEUE) AND PUNCH THE FOLLOWING
CONTROL CARDS?

JOBNAME,CM561000.

CHARGE s YOUR,6088L YGOOK,

ATTACH,DATA,ASEMABSINPUT 4ID=YOQUR,

REQUESTL.NEWIN, *PF,

ATTACH,HABS y ID=CSPR.,

WABS,

CATALOGoNENWNIN, ASENENIN, IO=YOUR.

2+ WE TAKE OUR CARDS TO A CARD READ STATION AND
READ 1IN OUR CONTROL CARDS (POSSIBLE QUEUE AND
POSSIBLE CARD READER DESTRUCTION OF THE INPUT
DECK) .

3, THE J0B IS NOW EXECUTING. HERE THERE IS THE
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A SIMPLE EXAMPLE
WABS EXECUTION - BATCH

POSSIBILITY OF A MISPUNCHED CONTROL CARD
ABORTING THE JOB, WITH THE CONSEQUENT
RE-ENTERING OF THE CARD PUNCH QUEVUE TO REPAIR
THE FAULTY CARD, AND A RETURN TO THE CARD READ
STATION TO RE=-READ THE DECK.

be HWHEN THE J0B HAS EXECUTED, IT IS SENT TO THE
LOCAL PRINTER. DEPENDING ON THE TRAFFIC ON THE
TERMINAL, THE JOB MAY HAVE TO WAIT UNTIL OTHER
JOBS HAVE COMPLETED PRINTING.

5S¢ THE PRINTED OUTPUT IS THEN EXAMINED FOR ERRORS.
ANY ERRORS MUST BE CORRECTED AND THE CYCLE
BEGUN AGAIN.

IT SHOULD BE O0OBVIOUS THAT THERE ARE DEAC TIME
SPACES IN BATCH EXECUTION OF A JOB.

3.4e2 INTERACTIVE EXECUTION

THE INTZRACTIVE EXECUTION OF WABS IS USUALLY QUITE
FAST, THE CONTROL CARDS SHOWN ABOVE 1IN THE BATCH
EXECUTION ARE EXECUTED FROM A TERMINAL. ANY ERRORS 1IN
INPUT ARE CORRECTEO IMMEDIATELYS: THERE IS NO WAITING FOR
OTHER USERS OF THE SYSTEM TO GET OUT OF YQUR WAY, HERE
WE SHOWM AN EXAMPLE OF THE INTERACTIVE EXZCUTION OF WABS
ON THE DATA FILE JUST PREPARED?

COMMAND - ATTACH,WABS,ID=CSPR<CR>
PFN IS WABS
PF CYCLE NO. = 016
COMMAND- ATTACH,0ATA,ASEWABSINPUT,10=YOUR<CCR>
PF CYCLE NO. = 001
COMMAND- REQUEST ¢ NEWINy *PF<CR>
COMMAND- WBAS,DATA<CR> (* 00PSt *)
NJ SUCH PROGRAM CALL NAME =~ WBAS
COMMAND- WABS,DATA<CR>
END WARTHOG
74975 CP SECONDS EXECUTION TIME
COMMAND-

‘WARTHOG® IS THE NAME OF THE MAIN PROGRAM IN WABS,

NOW THE OUTPUT FILE CAN BE EXAMINED WITH NETED OR
PAGES PERHAPS THE BEST ITEM FOR WHICH TO SEARCH IN THESE
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A SINPLE EXAMPLE
WABS EXECUTION = INTERACTIVE

FILES IS THE STRING ‘ERROIS TO THIS POINT‘. THIS WILL
HELP TO LOCAFE THE INPUT ERRORS TO EACH SUBSTRUCTURE.
THE FILES NOW AVAILABLE TO US CAN BE SEEN B8Y?

COMMAND=- FILES<CR>
«=LOCAL FILES=~-

®NETED *NABS BEAM MSDATA oUTPUT
NEWIN *DATA
COMMAND-

THE FILES <BEAM> AND <MSDATA> ARE FILES USED INTERNALLY
BY MWABS$ HENCE, YOU SHOULD NOT USE FILES WITH THESE
NAMES YOURSELF. <BEAM> CONTAINS THE ELEMENT 13 CROSS
SECTION DOEFINITIONS, AND <MSDATA> IS THE MASS STORAGE
RANDOM ACCESS DATA FILE.

FIGURE 3.7 IS A COPY OF THE OUTPUT FILE OF WABS,
AND FIGURE 3,8 IS A COPY OF THE FILE <NEWIN>.

WHENM ME FIND THAT THERE ARE NO ERRORS REPORTED 8Y
WABSs ME CAN BE FAIRLY CERTAIN THAT THE BOOKKEEPING FOR
THE MATHEMATICAL MODEL IS CORRECT, AND WE MAY THEN
CATALOG THE <NEWIN> FILE FOR LATER BATCH RUNNING OF
SUBSTRC.
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A SIMPLE EXAMPLE
SUBSTRC EXECUTION

3+5 SUBSTRC EXECUTION

SUBSTRC IS TOO LARGE TO EXECUTE INTERACTVTIVELY AT
DTNSROC BECAUSE THE OPERATING SYSTEM POLICY LIMITS THE
INTERACTIVE EXECUTION OF PROGRAMS TO 61000 OCTAL WORDS.
HENCE SUBSTRCy WHICH REQUIRES A MINIMUM OF 170000 OCTAL
WORDSs 4UST BE EXECUTED IN A BATCH MODE. HOWEVER,s THE
CONTROL CARDS TO EXECUTE THE PROGRAM MAY BE MADE
INTERACTIVELY, AND THE CONTROL CARD IMAGES ROUTED TO THE
INPUT QUEUE FROM YOUR TERMINAL. TO WIT:s

COMMAND~ NETED,CC<CR»
«=CERL=BKY NETED X.Y

INPUT, )

I> +<CR>» (* INTO EDIT MODE *)
E>» %<CR>» (* TURN PROMPT OFF ¥)
« <CR> (* INTO INPUT MODE *)

YOURJOB,CM265000,4T100,P2.<CR>
CHARGE,YOUR,GOBBLYGOOK, <CR>
ATTACH,SUBSTRC, ID=CSPR, <CR>
ATTACH NEWIN, ASENENIN,ID=YOUR,.<CR>
SUBSTRCe <CR>
« <CR>
EOITV.
SAVE <CR>»
CC WRITTEN,
COMMAND~- CATALOG+CCo,ASECC,ID=YOUR, <CR>
INITIAL CATALOG
RP = 030 DAYS
Cr 1ID= YOUR PFN=ASECC
C¥ Cvy= 001 00000001 PRUS $G00G.00 /DAY
COMMAND~ ROUTE.CC,DC=INy,TID. <CR>
YIURJIXX« 3 ENTERED INPUT QUEVUE P2
COMMAND-~

NOW WE WAIT FOR THE SYSTEM TO ALLOCATE APPROPRIATE
RESOURCES TO THE JOB FOR EXECUTION,

FISURE 3.9 IS A COPY OF THE FILE PRODUCED BY A JO8B
SIMILAR TO THIS,
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A SIMPLE EXAMPLE
FIGURE 3.4 = *BEANX‘® INPUT

2
1 2
7 8
57.955
6e0
De0 906
1 2
9 10
57.955
17.0
0ol 90.8
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A SIMPLE EXAMPLE
FIGURE 3,6 ~ *NABS* INPUT

RING STIFFENED CYLINDER - 90 DEGREE SEGMINT
MODELED WITH ELEMENTS 13 AND 20 =~ 2 SUBSTRUCTURES

END LOAD SIMULATE) 8Y 2 POINT LOADS
SYMMETRY PLANES ATt X~Z PLANEy Y-~Z PLANE,
LIBRARY

ELEMENTS

13 20

TYING TYPES

19 2

SUBSTRUCTURE &

BOUNDARY CONDITIONS

AND Z = 39,38

0.0 1 216

0.0 20 3

35

2 & 6

0«0 2 0 3

b o

135

0.0 1 6 8 38

CONCENTRATED LOADS

1 000 003 0 0.149E6

0 ¢

200000 0 0.189E6

0 2

CONNECTIVITY

20

1124643

23 4 &5

CONNECTIVITY

13

378

& 9 10

COORDINATES

20
i 0.000600 0.00000 6162500 0.00006C 8.00000
0.0C000 C.00000 2.00000 1.00000
2 956.80032 0.00000 -¢07000 ~-1.00000 0.00000
0.00008 0.00000 0.30000 1.00000
3 0.00000 6,00000 61.62500 0.00000 6.0G60040
0.00000 6.00000 9.00000 1.00000
& 956.80032 6.00000 -¢08C000 ~-1.00000 0.0000¢
0.00000 6.00000 g.00000 1.00000
5 0.00000 17.,00C00 61.,62500 0.00000 0.0000¢
0.00000 t7.00800 0.00000 1.00000
6 956.80032 17.000630 -+80000 -1.008000 6.00000
0,00000 17.,00000 8.00008 1.00000

COORDINATES

13
7 57.95500 0.00000 600000 9.00000 1.0000¢0

28

0.00000
61.62500
0.080000
61.62500
¢.00000

61.62500

0.00000

1.00000
=« 03000
1.00000
- 00000
1.00000

~.00000

1.00000
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ors
100
12
EDG
56
GEO
0.6
12
01
3«
PRO
3E7
1 &
TIE
19

73
8 &
9 5
i0

ENO
sua

A SIMPLE EXAMPLE
FIGURE 3.6 = *WMABS® INPUT SCONT ‘D)

0,00000 G.00000 0.00000 «01725 0.00000 0.00000

8 «000C0 57.,95500 600006 =1.00000 +0000C o.00000
1.00000 0.00000 -.01725 .00000 0.,00000 91,03550

9 57.95500 0.00C00 117.00000 0.00000 1.00000 g.00000
0.0G000 C.00000 0.00000 201725 0.00000 0.00000

10 «000C0 57.95500 17.00C00 ~-1.00000 «00000C 0.00000
1.00000 t.00000 -«01725 « 00000 0.00000 91.03550
TRIBUTED LOADS

0 2

E NODES

METRY

«0 0

PERTY
0.3 100000,

S

b

3

6
6 5
SUBSTRUCTURE 1
STRUCTURE 2

BOUNDARY CONDITIONS

0.0
13

ZUuSswoonowsFas

-

9
00

303

» mEnN MUOUOSEN-ENTONWOoOWM

10
ROINATES

29

«00000
1.000C0

«00000




A SIMPLE EXAMPLE
FIGURE 3.6 = *WABS® INPUT CCONT'D)

20
1 0.00000 17.00000 61.62500 8.00000 0.0000¢C 0.00000
0.0000C 17.00000 0.00009 1.00800
2 96.80032 17.00000 -« 00000 ~-1,80000 0.,0000C 61.62500
0.00000 17.00800 g.00000 1.00000
3 0.,00000 28,00000 61.62500 0.00000 0.00000 g.00000
0.00000 28.00000 8.80000 1.00000
& 96,30032 28.00600 =+ 33000 -1.80000 0.,00000 61,62500
0.00000 28.00000 0.80000 1.00000
5 8.00000 39.00000 61,62580 8.00000 0.00000 #.00000
0.00000 39.00800 0.00008 1.00000
6 96,80032 39.00000 =« 00000 -1,00000 0,00000 61.62500
0.00000 39.00000 §.00000 1.00000

COORDINATES

13
7 57.955C0 0.00000 28.00000 0.0808000 1.00000 0.00000
0.00000 0.00000 0.00000 «01725 0.80000 b.00000
L] «00000 57.,95500 28,0000 =-1.00000 -«0000C 0.00000
1.00800 0.00000 ~e 01725 +00000 0.00000 91.03550
9 57.955C0 0.00000 39.00000 g.00000 1.00000 0.00000
0.00000 G.00000 5.00000 «01725 0.00000 0.400000
10 «000CC 57.,95500 39,00000 <=1,00000 «00000 0.00000
1.00000 c.00000 =+01725 + 00000 0.00000 91.083550

OISTRIBUTED LOADS

100.0 2

12

EDGE NODES

12

GEOMETRY

0.6

2

1.0 0

3

2

L

PROPERTY

3E7 0.3 100003,

FOoOwWoOm

END SUBSTRUCTURE 2
INTERSUBSTRUCTURE CONECTIVITY
READ

2

121

30

1.000020
=« 00007
1.00000
-+ 00000
1,00000

=« 00000

1.00000
«000G00
1.00000

200007




A SIMPLE EXAMPLE
FIGURE 3.6 - *MABS® INPUT CCONT ‘D)

S 6
2 2
12
END ISC
SOLUTION DIRECTIVES

GOERRORS
ENO SOLUTION OIRECTIVES
ANALYSIS DIRECTIVES

ALL POINTS
LARGE DISPLACEMENT
EMD ANAL

BEAM CROSS SECTION DESCRIPTIONS
1 FULL SECTION

3 12 6 10

O0edo 1433 0 =1.0 0 =1,33 0 -1.0
2466 o458

0 1. 000 1.

1.33 0

1.0 0 3,37 0 1, §

3037 &33

2 HALF=SECTION

2 6 10

0 1.33 0 -1 0060 -2

1,33 .58

1. 0 3.37 0 1.C O

337 +165

END BEAM

1

31
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A SIMPLE ENAMPLE

FIGURE 3.8 = THE FILE <NEWIN>

RING STIFFENED CYLINDER - 90 DEGREE SEGMENT
50

35000 0 &50
2 13 20
1 FULL SECTION
3 12 6 10
0.00000 1.33000
2.66000 +58000
0.00000 <~1.33000
1.33000 0.00000
0.00000 0.006000
3.37000 «33000
2 HALF-SECTION
2 6 10
0.00000 1.33000
1.33000 «58000
0.00000 t0.00000
3.37000 +16500
LAST
1 0 e 1
2 10 10 10
0 0 0 1
b 10 30 1
2 8 2 10
0 0 0 0
2 ! b
SUBSTRUCTURE 1
b 10 30 8
BOUNDARY CONDITIONS
30
i 1 1 1
1 b 2 2
1 1 3 3
1 1 4 &
1 1 5 S
i 1 6 6
1 1 8 8
2 2 1 1
2 2 2 2
2 2 3 3
2 2 b 4
2 2 5 5
2 2 6 6
2 2 8 8
3 3 2 2
3 3 L L
3 3 6 6
3 3 8 8
b b 1 1
L e 3 3

0.300800
«580008
0.00000
0.00008
1.00008
+«33000

g.00000
58000
1.60000
16500

= nNoDoo
mNBOO

-1.00000
1.00000
0.00000

-1.000800
0.00000

o r

42

0.00000
0.80000
3.37000

0.00000
3.37000

w
onNn

-1.33000
0.00000
0.00000

0.00000
0.00000

0.00000
0.00000
1.00000

0.00000
1.00000

-1.00000
1.00300
0.00000

-1.00000
0.00G00




A SIMPLE EXAMPLE
FIGURE 3.8 - THE FILE <NEWIN> (CONT®D)

L] 10 28 10 0 b
BOUNDARY CONOITIONS

28

1 1 2 2 0.

1 | b b 0.

1 1 6 6 0.

1 1 8 8 0.

2 2 1 1 0.

2 2 3 3 0.

2 2 5 S 0.

2 2 8 8 0.

3 3 2 2 0.

3 3 LY G 0.

3 3 6 6 0,

3 3 8 8 0.

L & 1 1 0.

b 4 3 3 0.

& & 5 S 8.

o Y 8 8 0.

5 5 2 2 0.

5 5 3 3 0.

5 5 b 4% 0o

5 5 6 6 0.

5 S 7 7 0.

5 5 8 8 0.

6 6 i 1 0.

b 6 3 3 0.

6 6 ) 5 0.

6 6 6 6 0.

-] 6 7 7 0.

6 6 8 8 0.

CONNECTIVITY

1Y

1 20 1 b4 b 3

2 20 3 Y 6 5

3 13 7 8

b 13 9 10

COORDINATES

13 iC

i 0.000C0 17.00000 61.62500 0.0000¢ 0.0000C 0.00000
1.00000 0.00000 17.00000 0.00000 1.00000 0.00000
0.00000

2 95.,80032 17.00C00 0.0°600 -1,00000 0.,00000 ©1.62500
0.00004 C.000C0 17.00000 0.00000 1.006000 0.00000
0.0000C

3 0.000C0 28,00000 61.62500 0.0000¢C 0.0000C 0.00000
1.00000 0.00000 28.00000 0.00800 1.00000 D.00COD
0.00000

b 96.80032 28,00C80 0.0,000 -1.0800C 0.00000C 61.62500

45




A SIMPLE EXAMPLE

FIGURE 3.8 = THE FILE <NEWIN> (CONT®D)

0.0C000 C.00000 28.00000 6.00000 1.00000 0.00000
0.0000¢C
5 0.00060 39.,00C00 61.62500 0.00C0¢C 0.0000¢C
1.0C€000 €.00000 39.00008 0.00000 1.00000 0.00000
g.0000¢0
& 96.80032 39,00600 0.0J000 -t1.0000C 0.0000¢C
0.00000 0.00000 39.00000 0.00000 1.00000 0.00000
0.00000
7 57.955C0 0.00C00 28.0-000 8.08000 1.0000C
1.00000 0.00000 0.00000 0.30000 01725 0.00000
0.,00000
8 0.000C0 57.,95500 28,00000 =-1.,00000 0.00000
0.,00000 1.00000 0.04000 -.,01725 6.00000 0.00000
91.03550
3 57.95500 0.00000 39.023000 0.00C00 1.00000
1.0C003 J2.00000 0.00000 6.00000 01725 0.00000
0.0G000
10 000000 57495500 39,35300 =1.0000¢C 0.0000C
0.00000C 1.00000 0.00000 ~.01725 0.00000 0.00000
31,03550
TRACTIONS
] 2
1 2
1
+«10000000E*03
1 2
2
«10000000E+03
GEOMETRY
b
«60000 G.00000 0.0G6000
1 1
«6C000 t.00000 0.00000
2 2
0.00000 1.00000 0.00000
3 3
0.00030 2.0C000 3.00000
0 b
PROPERTY
b
«3000E+08 «30000 6.0G000 0.00002 0.00000 .1000E+06
1 1
«3000E+08 «30000 0.0Cc000 0.00000 0.00000 .1GCO0E+D6
2 2
«3000E+08 «30000 0.00000 0.00G6)0 000000 .10C0E¢06
3 3
«3000E+08 «30000 0.00000 0.30000 0.00000 ~10CZ0E+06
b b
TYING
46

0.00000

61.62500

0.00000

0.0000¢C

0.00000

G«00000




A SIMPLE EXAMPLE
FIGURE 3.8 - THE FILE <NEWIN> (CONT®D)

19
19
3
19
b
19
5
19 1
6
END OPTIO

N RPN ZUV0O0ONOWO®ENN

HrARoOVNON

CONTINUE
CONTINUE
-1

47
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A SIMPLE

FIGURE 3.9 - *SUBSTRC’

POINT NO,

OBNOANE NN -

10

12
13
1l
15
16
17
18
19
20

22
23

POINT NO,
1

EXANPLE

OUTPUT (CONT*D)

COORDINATES IN SECVION,

0.00000
0.00080
0.00000
0. 00000
0.00000
0.G0000
0.60000
0.00000
0.00000
0.00000C
0.00000
0.00000
0.00000
«33700
«67400
1.01100
1. 364800
1. 68500
2.02200
2. 35900
2.69600
3. 03300
3.37000

1.33200
1,20833
+ 88667
«665C0
o8333
e 22167
-+80.00
-e 22167
~eBl333
=« 66500
-+ 88667
-1.20833
~1433006
g.00000
0.80100
0.00J00
0.00C00
0.80J00
0.80300
0.80300
0.000230
0.80000
6.80300

COORDINATES IN SECTION,

1.33000

LAST
t FULL SET
SECTION 1
FTHICKNESS, WEIGHT,
«58000 » 06286
«58000 17142
«58000 « 08574
58000 17142
«58000 «08571
+58000 o 17142
«91000 «12278
«58000 17142
«58000 «08571
«58000 17142
+58000 «08571
«58000 «17242
58000 +QL286
«33000 +14828
« 33000 07010
«33000 +16828
+33000 « 07416
«33000 «14828
«33000 07016
«33000 e 10828
« 33000 Q7410
33000 16828
« 33000 «03707
2 MALF-SEC
SECTION 2
THICKNESS, WEIGHT,
«58000 +06286
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WARPING FTN.
0.C0000
0,00000
0.00000
0.30000
6.00000
0,00000
0,00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
G«20000
0.00000
0.00000
0.00000
0.00000

. 0430000
0.30000
0.30000
G«20000
G.00000

WARPING FTNe.
6.,90000
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A SIMPLI EXAMPLE
FIGURE 3.9 - *SUBSTRC* OUTRAUT (CONT*D)

DATA FOR SUBSTRUCTURE NO i

NUMEL s NUMNP s NUMBC  MAXBW o NBCTRAZITIE,IENRL(ISSTY
b 10 3C 8 ] & 0

MPRMAX
2
1

GENERATZD ZLEM DATA

2 % & » & s &

NELTYP, MTYPE,MNOPTE,ICROUT,TSMALL, IEXP, IRHS
2 0 [ 1 0 9 0

TYyPE IS 1 MITH 2 NODES AND23 STRAINS AND 1 OIRECT 0 SHEAR STRESS, ISWELL= 1
R0OwW CORRESPONDENCE FOR EXPANDEOD MATRIX

232111553560 (0000222201t 553654«00¢C00212101°5

INTEL INTIN ISNTE INTPRE

5 5 3 5
ROWS WITH SECOND JRDER DISPLASBEMENT TER4S
6 0 c 0 0 0

TYPE IS 2 MITH & MODES AND3I3 STRAINS AND 2 DOIRECT i SHMEAR STRESS, ISHELL=s 1
ROW CORRESPONDENCE FOR EXPANOED MATRIX
G o 3306272716 9 6 6 6214112 0 0 0 0 0 0 0 00O O OO C ODOOCOO0O0OD
INTEL INTIN ISNTE INTPRE
3 9 5 9
ROWS WITH SEGOND JRDER DISPLAOEMENT TERMYS
6 6 11 0 9 0

ICURY TNTRNS I8xA TD3XA [IDEV NBCTRA NUPTRA TIUPDAT MESHR LODCOR
0 1 0 ] 0 0 0 0 S 2

s & 5 8 & & 8 s v
BOUNDARY C
NO,JF CARDS FOR B(Cs= 30

FSTNOsLASTNDoFST JEG.LST DEGeSPEC.ODISP,
1 1 1 ¢ 0.

FSTNDJLASTND,FST DEG,LST DEG,SPEC.DISP,
1 1 2 2 0.
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A SIMPLE EXAMPLE

FIGURE 3,9 -
FSTNDsLASTNDFST
b 1 3

FSTNOSLASTNDSFST
1 1 N

FSTNDsLASTYND,LFST
1 1 5

FSTNDsLASTNDSFST
1 1 6

FSTNOsLASTND#FST
1 1 8

FSTNO,LASTND,FST
2 2 1

FSTNDs LASTNDFST
2 2 2

FSTNDsLASTNDFST
2 2 3

FSTNDoLASTND,LFST
2 2 "

FSTNDsLASTNDFST
2 2 5

FSTND+LASTNDSFST
2 2 6

FSTNDsLASTNDFST
2 2 8

FSTND+LASTND,,FST
3 3 2

FSTND+LASTNDSFST
3 3 “

FSTNOsLASTNDSFST
3 3 )

FSTND+LASTNDWFST
3 3 8

FSTND+LASTNDoFST

‘SUBSTRGC*

DEG,LST
3 0.

DEG,LST
L .

DEG,LST
5 0o

DEG.LST
e 0.

DEG,LST
8 0.

BEG,LST
1 0.

DEG,LST
2 0.

DEG,LST
3 0.

DEG,LST
LI I

DEGsLST
5 0.

DEG,L ST
6 0.

DEG,LSTY
8 0.

DEG,LST
2 0.

JEG,LST
L 0.

DEG,LST
6 0.

DEG.LST
8 0.

DEGsLST

OUTPUT (CONT*D)

DEGe SPEC.DISP,

BEGy SPEC.DISP.

DEGy SPEC.DISP.

DEGy SPEC.DISP.

DEGe SPEC.DISP,.

DEGySPEC.DISP,

DEG¢SPEC.DISP.

DEGySPEC.DISP,.

DEGy SPEC.OISP.

DEGeSPEC.DISP.

DEG,SPEC.DISP,

DEGy SP=Cs DISP.

DEGySPECSDISP,

DEGeSPZCeDISP,

DEGySPECeDISP.

DEGy SPEC.DISP.

DEGySPEC.DISP.
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A SIMPLE EXAMPLE
FIGURE 3¢9 = ‘SUBSTRC’ OUTPUT (CONT?D)
b b 1 1 9.

FSTNDsLASTND4FST DEG,LST DEGySP=C.DISP,
) b 3 3 0.

FSTNDoLASTNDFST DEG,LST DEGySPEC.DISP,
b o 5 5 0.

FSTNOoLASTNDOLFST DEG,LST DEGeSPEC.DISP,

FSTND+LASTNDGFST DEGsLST DEGeSPECDISP,
5 5 2 2 0.

FSTND+sLASTNDoFST DEGeLST DEG,SPEC.DISP,
5 5 L b 0.

FSTNDsLASTND4FST DEG.LST DEGySPEC.DISP,
5 5 ) 5 8.

FSTNDoLASYND,FST DEGsLST DEGySPEC.DISP,
5 5 8 8 0.

FSTNDoLASTNDoFST DEGsLST DEGySPEC.DISP,
6 ) 1 1 0.

FSTNOoLASTNDSFST DEGsLST DEGsSPEC.OISP,
6 ) 3 3 0.

FSTNDoLASTNDHFST DEGoLST DEGsSPEC.DISP,
6 6 € 5 8.

FSTNDoLASTNDoF ST DEGeLST DEGySPEC.DISP,
6 6 8 8 0.

30 DEGe. OF FREEDOM FIXED
NO ND NO DEG FIX DISP,NO ND.NO DEG FIXED DISP

1 b 1 0. 2 1 2 0.
3 1 3 0. b 1 b 0.
5 1 5 0. 6 1 6 0.
4 1 8 0. 8 2 1 0.
9 2 2 0. 10 2 3 0.
11 2 ¢ 0. 12 2 5 0
13 2 € 0. 16 2 8 0.
15 3 2 0. 16 3 4 0o
17 3 6 0. 18 3 8 0.
19 ° L 0. 20 b 3 0.
21 o 5 0. 22 4 8 0.
23 5 2 0. 2k 5 b 0.
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A SIMPLE EXAMPLE

FIGURE 349 = °*SUBSTRC* OUTPUT (CONT*D)
25 5 6 Ce 26 5 8 0.
27 ) 1 0. 28 6 3 3.
29 b £ 0. 30 6 8 .
TRACTIONS
2 NODAL LOADS LISTED BELOW
1 00 0. o. U. 0. c.
«149E¢06 0, 0.
2 0. 0. 0. C. 0. Je
«1495+06 0, 0.
CONNECTIVI
NUMEL1,MESHR]L
b 5
NUMEL TYPZ NODE NUMBERS ANTICLOCKWISE
b 20 1 b4 4 3
2 2] 3 L ) 5
3 13 7 8 b 0
+ 13 9 ic 0 i
CONTROL
MINCyNINST2,NINSTLy NCYCM, IRHS,IUPIAT,NUPTRA, ICRT
1 1 7 3 C J 3 C
FRCYOL FACINIT FLAMR TOLER XFAC
2.00400 «10000 «0.10 00010 14853131
COORDINATE
NCRO1= 13  NUMNP1= 10 MESHR1= 5
NPNUM  SOO0ROS
1 C.CC00¢ 0.630.30 ble625.0 J«000CC J.C00GC
1.90C00 $.000133 “.C0.C0 ceCJCOD 1420350 0.20063
2e0GC0D
2 986.82032 g.040c0 0.03.C0 =1.0G0CGC te070CS
Jed30 03 0.0303C (.C0.CO LetJLGD 130740 C.coOCCD
~eu0C02
3 0.C500: $5.00303 ©614625.C Je0030C2 3.,0336C
£.00.035 0.2%c0900 E.C0500 ceutoed 1000350 Co.C0
5400000
» 96.8C032 %.000C0 00800 ~=14033230 2.C03GG63
C.00C06C §.C330¢ €.C0J00 veldCLGO 1.0003) 0.00CCY
..00CO00
5 J43C00C 17.00000 61.6252C G.03850 ce 0003
1.€0000 0.0030C 17,30C00 CeCJ0C 120232 C.L00G.0
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A SIMPLE EXAMPLE

FIGURE 3¢9 - *SUBSTRC’ OUTRUT

0.000090
6 96,80032 17.00000
J.000080 0.00000 17.000
0.00000
7T 57.95500 0.00000
1.000060 0.00000 0.000
300000
8 0,00000 57,95500
00000 1.00000 0.000
91.03550
9 57.,95500 0.00000 1%
1.00000 0.00000 G.008
G.00000
10 0.00000 57.,95500 1
G.00000 1.60000 0.000
91.03550
TRACTIONS

1 ELEMS WITH DISTRIB,

1

1 ELEMS WITH DISTRIS.

2

(CONT*D)

0.00900 ~-1.00000 0.00000 61.62500
80 C.00000 1.00080 0.Cc0000

6400430
00 0.00000

0.000C0 1.00000 0,00000
o01725 0.00009

6+00J00 <-1.00000 0.00000 6.00000
0o ~e01725 6400000 0.00000

7.008cC0
00 0.00000

8.00000 1.00000 0.00000
«01725 0.C0000

7.00300
00 ~e 01725

=1.000C0 0.00000 0.00000
0.00000 0.C00G5

0 NODAL LOADS LISTED SBELOW

GEOMETRY

NO OF DISTINCT ELEM.
EGEOM1 EGEOM2
«500E+00 0.

ELEM GEOM FOR ELEM
EGEOM1 EGEOM2
«600E+Q0 0,

ELEM GEOM FOR ELEM

EGEOM1 EGEOM2
Do «100E+D1
ELEM GEOM FOR ELEM

EGEOM1 EGEOM2
0. «1CCE+O1
ELEM GEOM FOR ELEM
PROPERTY

NO OF DISTINCT ELEM

YOUNGS M0D. ¢POISSON R« +DENSITY¥, ALPHA,TOT,TENMP,,

«300E+08 .3CO0E+0C

ELEM PROPS FROM ELEM
YOUNGS MODes ¢ POISSON R4+ DENSITY,

GEOMS
EGEOM3
g.

1 70
EGEOM3
0.

2 T0
EGEOM3
0.

3 V0
EGEOM3
0.

& TO

PROP=

0.
1

LOAJ OF MAGNITUDE «1000000E+C3 AND TYPE
LJAD OF MAGNITUDE «100000CE+0C3 AND TYPE
= “
SINCTP STAPE
0. 8.
1
SINCTP STAPE
0. 0.
2
SINCTP STAPE
0 8.
3
SINCTP STAPE
0. 0.
Y
b
YIELP+o YIELP2

0. «10UE®DB Do
Y0 1

ALPHAs TOTW TEMP .

0.

YIELPs» YIELP2
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A SINPLE EXAMPLE
FIGURE 3¢9 - *SUBSTRC® OUTPUT (CONT*D)

«300E+08 . 300E+DO 0, 0. 0. «100E¢056 O,
ELEM PROPS FROM ELEM 2 10 2
YOUNGS M00.+sPOISSON Re+DENSITYs ALPHA,TOVT.TEMP,, YIELP., YIELP2
«300E+Q08 3C0E+00 0. 0. g «10GE+C5 0.
ELEM PROPS FROM ELEM 3 1O 3
YOUNGS MOD. sPOISSON Re ¢DENSITY, ALPHA,TOV.TEMP., YIELP,, YIELP2
«300E*08 3GCE«00 Q. 0. 3 «10CE*36 0.
ELEM PROPS FROM ELEM & TO b

TYING
NO. TIED NODES 4

TIE TYPE,NO.RETAINED NODES
19 2

TIE NO 1 TYPE 19 TIED NODE 7 NOJRET.NODES 2
RETAINED NODES 3 b

TIE NO 2 TYPE 19 TIED NODE 8 NO.RET.NODES 2
RETAINED NODES L 3

TIE NO 3 TYPE 19 TIED NODE 9 NOJRET.NODES 2
RETAINED NODES 5 6

TIE NO & TYPE 19 TIED NODE 29 NO.RET.NJDES 2
RETAINED NOOES 6 5

ENGC OPTION

CPU IN? 1.352, CPU OUTS 2.591s CPU TOTALS 1.239 OAREAD

2 BOUNDARY NODES 8 INTERIOR NODES

LIST OF BOUNDARY NODES

5 6
/RANDF2/7 MUST BE +GE. 64
CPU INg 3.043, CPU OUTS 3.320, CPU TOTALS 277 OPRESS
CPU IN? 3.336s CPU OUTS 8,844y CPU TOTAL?S 5,510 OASEMB
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A SIMPLE EXAMPLE
FIGURE 3.9 = ‘SUBSTRC* OUTRUT (CONT’D)

NEW ITIX
1 5 3 &
2 6 b 3
3 7 9 10
b 8 10 9

TYING BEAM NODE 5 TO SHELL NODE 3
OFFSET: -3.67000

TYING BEAM NODE 6 TO SHELL NOOE &
OFFSET! -3.67000

TYING BEAM NODE 7 TO SHELL NODE 9
OFFSET? =3.67000

TYING BEAM NODE 8 V0 SHELL NODE 10
OFFSET? =3.67000

CePo TIME AT BEGINNING OF WRITAR 9,812
WALL CLOCK 17.34.11.
CePe TIME AT END 10,076
WALL CLOCK 17.34.12,

B.P.TIME AT START OF TRIANGULARISATION 10.11)

LN(DETERMINANT) = ,269E¢03 SINGULARITY RATI) 262E+CO

CeP.TIME AT END OF TRIANGULARISATION 10,602
cPU 1INt 8.859, CPU 0QUTS 11.89%4¢ CPU TOTAL? 3.035 OSOLVL

DATA FOR SUBSTRUGCTURE NO 2

NUMEL ¢ NUMNP o NOMBCo MAXBNo NBCTRAZITIE,IENRL CISST)
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A SIMPLZ EXAMPLE
FIGURE 349 - *SUBSTRGC® OUTPUT (CONT°D)

b 10 28 10 ’ b 0

MPRMAX
2
1

GENERATED ELEM DATA

* 5 5 B 8 ¥ ¥ 3 38

NELTYP, MTYPE.MNDPTE,ICROUT,ISHMALL, IEXP, IRNHS
2 9 b 1 g b 0

TYPE IS 1 MWITH 2 NODES AND23 STRAINS AND 1 DOIRECT 0 SHEAR STRESSs ISHELL= 1
ROW CORRESPONDENCE FOR EXPANDED MATRIX
232 11155354 0CO00002222015535%4¢000211 1015
INTEL INTIN ISNTE INTPRE
5 5 3 5
RONWS WITH SECOND ORDER DISPLACEMENT TERMS
6 0 c 0 0 0

TYPE 1S 2 MITH & NODES AND33 STRAINS AND 2 DIRECT i1 SHEAR STRESS, ISHELL= 1
ROW CORRESPONDENCE FOR EXPANDED MATRIX
0633 0272714 3 6 6 6111122 0 ¢ 0 0 & 8 0 0 0 0 00 C OO0 0CO0O0OCQOYO
INTEL INTIN ISNTE INTPRE
9 9 5 9
ROWS WITH SECOND ORDER OISPLABEMENT TERMS
6 6 b § § e 0 0

ICURV ICTRNS 18xA [I0B8XA IDEV NBCTRA NUPTRA IUPOAT MESHR LOOCOR
s

0 1 ] 0 0 J 0 g 2

*» 3 8 % 5 v 88
BOUNDARY C
NO.OF CARDS FOR BeCo= 28

FSTNOoLASTND+F ST DEG+LST DEGeSPEC.DISP,
1 1 2 2 0.

FSTNDsLASTNDoFST DEGoLST DEGeSPEC.DISP,
1 1 » b 0.

FSTNOsLASTNOSFST DEG4LST DEGeSPEC.DISP,
1 1 6 6 0.

FSTNOsLASTND+FST DEGsLST DEG,SPEZC.0ISP,
1 1 8 8 0.
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A SIMPLE EXAMPLE

FIGURE 3,9 = *SUBSYRC® OUTPUT (CONT?D)

FSTNDsLASTNOD,FST
2 2 1

FSTND.LASTNDFST
2 2 3

FSTNO+LASTNO,FSY
2 2 5

FSTND+LASTNDSFST
2 2 8

FSTND+LASTNDFST
3 3 2

FSTNDsLASTNDFST
3 3 b

FSTNO9LASTND,SFST
3 3 6

FSTNDsLASTNDoFST
3 3 8

FSTNDyLASTND,FST
is b 1

FSTNDoLASTNDSFST
b o 3

FSTNDJLASTND,FCY
b o 5

FSTNOsLASTND,FST
o ) 8

FSTNDsLASTNDoFST
5 5 2

FSTNOoLASTND FST
5 . 5§ 3

FSTNDO+LASTND,FST
5 5 L

FSTNDoLASTND,FST
5 5 )

DEG.LST
1 0.

DEGoLST
3 0.

DEG.LST
5 0.

DEG.LST
8 0.

DEGsLST
2 0.

DEG,sLST
L 0.

DEG,LST
6 0.

DEGsLST
8 0.

DEG.LST
i 0.

DEGsLST
3 0.

nEG, L ST
5 0.

DEG,LST
8 0.

DEGsLST
2 0.

DEGLLST
3 0.

DEG.LST
“ 0.

DEGsLST
6 0.

DEGe SPEC.DISP.

OEGy SPEC.DISP,

DEGe SPEC.DISP,

DEGy SPEC.DISP,

DEG, SPEC.D1SP,

OEGy SPEC. DISP.

DEGy SPEC.DISP,

DEGy SPEC.DISP,

DEGy SPEC.DISP,

DEGysSPEC.DISP,

DEG«SPEC.,DISP,

DEGe SPEC,DISP.

DEGy SPEC,DISP,

OEGe SPEC. DISP,

0EGy SPEC.DISP,

DEGySPEC.DISP,
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A SIMPLE EXAMPLE

FIGURE 3,9 = *SUBSTRC’ OUTPUT (CONT®D)
FSTNDsLASTNDoF ST DEG,LST DEGySPEC.DISP.
5 5 7 T 0.
FSTND+LASTNOD+FST DEGsLST DEGsSPEC.DISP,
5 5 8 8 0.
FSTNDsLASTNDoFST DEG,LST DEGySPECeDISP,
6 ) 1 1 0.
FSTNDoLASTNDoFST DEG4LST DEGySPEC.DISP,
6 6 3 3 0.
FSTND+LASTND(FST DEG,LST DEGsSPEC.DISP,
6 6 5 5 0.
FSTNDsLASTNDoFST DEG,LST DE6G,SPEC.DISP,
6 6 6 6 0.
FSTNDyLASTNDoFST DEGsLST DEGySPEC.DISP,
6 6 7 T 0.
FSTNDoLASTNDoFST DEG4LST DEG,SPEC.DISP,
6 6 8 8 0.
28 DEG. OF FREEDOM FIXED
NO ND NO DEG FIX DISPsNO ND.NO DE6 FIXED DISP
1 1 2 0. 2 1 b 0,
3 1 6 0. b i 8 0.
5 2 1 0. 6 2 3 0.
7 2 5 0. 8 4 8 O
9 3 2 0. 10 3 b 0,
11 3 6 0. 12 3 8 0.
13 b 1 0. 1l b 3 0
15 b 5 0. 16 b 8 0.
17 5 2 0. 18 5 3 0.
19 5 L 0. 20 5 6 0o
21 5 7 0. 22 5 8 0.
23 6 1 0. 24 6 3 0.
25 ) 5 0. 26 6 65 0.
27 6 7 0. 28 6 8 9.
CONNECTIVI
NUMEL1,MESHR1
] 5
NUMEL TYPE NODE NUMBERS ANTICLOCKWISE
1 20 1 2 b 3
2 20 3 b 6 5
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A SIMPLE EXAMPLE
FIGURE 3¢9 - ‘SUBSTRC® OUTPUT (CONT*D)

3 13 7 8
b 13 9 10

COORDINATE
NCRO1= 13 NUMNPL= 10 MESHR1= 5

NPNUM COORDS
1 0.08000 17.00000 61.,62500 0.00000 0.00000 6.000G0
1.00000 0.00000 17.00000 0.00000 1.00000 0.00000
v.00000
2 96.60032 17.00000 0.00000 ~-1.00000 0.00000 61.62500
0.00000 0,00000 17.,00000 0.00000 1.00000 0.00000
0.00000
3 0.00000 28.00000 61.62500 0.08000 0,00000 0.00000
1.00000 0.00000 28.00000 0.00000 1.00000 §.00007
0.00000
b 96,80032 28.,00000 0.80000 =1.00000 0.,00000 61.625C0
0.00000 0.00080 28.08000 0.00000 1.00000 0.00000
0.00000
5 0.06000 39.00000 61,62500 g.000800 6.00000 0.,00000
1.00000 0.00000 39.00000 0.00080 1.00000 0.00000
0.00000
6 96,80032 33.00000 0.00C00 ~1.00400 0.00000 61.62500
0.00000 0.00000 39.,00000 0.00000 1.00000 0.00000
Je00COD
7 57.95500 0.00000 28,00000 0.00000 1.00000 0.00000
1.00000 0.00000 0.,00000 0.00000 01725 0.,00000
J«.00000
8 0.,00000 S57.95500 28,00000 <~1,00000 0.00000 0,00000
0.00000 1.00000 0.00000 -e01725 0.00000 0.00000
91.03550
9 57.95500 p.00000 39,80000 0.00000 1.00000 ¢.00000
1.00000 0.00000 C.00000 0.00000 001725 0.00000
G.00000
10 0.00000 57.95500 39.,00000 ~1.00000 0, 00000 0. 00000
G.00000 1.00000 0.00000 -e01725 0.00000 0.,0000)
91,03550

TRACTIONS

1 ELEWMS WITH DISTRIB, LOAD OF MAGNITUDE +1000000E+03 AND TYPE 2
) §

1 ELEMS WITH DISTRIB. LOAD OF MAGNITUDE «100000CE+D3 AND TYPE 2
2

0 NODAL LOADS LISTED BELOW

62




A SIMPLE EXAMPLE

FIGURE 3¢9 = *SUBSTRC® OUTPUT (CONT*D)

GEOMETRY

NO OF DISTINCT ELENM. GEOMS = &

EGEOM1 EGE OM2 EGEOM3 SINCTP STAPE
«b00E+DD 0O, 0. 0. 0.
ELEM GEOM FOR ELEM 1 10 1

EGEOML EGEOM2 EGEOM3 SINCTP STAPE
«500E+0] 0. Oe 0. D
ELEM GEOM FOR ELEM 2 10 2

EGEOM1 EGEOM2 EGEOM3 SINCTP STAPE
0. «10CE+01 0, 0. Do
ELEM GEOM FOR ELEM 3 TO 3

EGEOM1 EGEOM2 EGEOM3 SINCTP STAPE
De +200E+01L 0. 0. De
ELEM GEOM FOR ELEM L Y0 +

PROPERTY
NO OF DISTINCT ELEM PROP= &

YOUNGS MOD.+sPOISSON Re+DENSITY, ALPHA,TOT.TEMP,,

YIELP,y YIELP2

«300E+08 «300E+00 O, 0. D. «100E+06 O,
ELEM PROPS FROM ELEM 1 10 1
YOUNGS MOD. s POISSON Re +DENSITY, ALPHAoTOTTEMP., YIELP,s YIELP2
«300E+08 ,3C0E+00 O, O de +10CE#05 0,
ELEM PROPS FROM ELEM 2 T0 2

YOUNGS MOD.¢POISSON Re sDENSITY, ALPHAoTOT.TEMP.,
«300E+08 « 300E+00 g, D. 0.

ELEM PROPS FROM ELEM 3 10 3

YOUNGS MOD+ 9 POISSON R +DENSITY, ALPHATOT TEMP, o

YIELP+ys YIELP2
«100E+06 0.

YIELP+s YIELP2

«300E+0D8 «300E+00 0. 0. 0. «10CE¢CS Do
ELEM PROPS FROM ELEM & TO L
TYING
NO. TIED NODES 8
TIE TYPEJNO.RETAINED NODES
19 2
TIE NO 1 TYPE 19 TIED NODE 7 NOJRET,NODES 2

RETAINED NOOES 3 o

TIE NGO 2 TYPE 19 TIED NOODE 8
RETAINED NODES b 3

NO.RET,NODES 2

VIE NO 3 TYPE 19 TIED NODE 9 NOJRET.NODES 2

RETAINED NODES 5

TIE NO &
RETAINED NODES 6

6

5

TYPE 19 TIED NODE

10 NOJRET,NODES
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A SIMPLE EXAMPLE
FIGURE 3.9 ~ *SUBSTRC’ OUTRUT (CONT’D)

END OPTION
CPU INs 11.93t, CPU OUTS 12,892, CPY TOTALS +961 OAREAD
2 BOUNDARY NOODES 8 INTERIOR NODES
LIST OF BOUNDARY NODES
1 2
CPU 1INt 13.319, CPU OUTs 13.600, CPU TOTAL® + 281 OPRESS
CPU INt 13.616s CPU OUTS 19.067, CPU TOTAL:S S.43%1 OASEMB
NEW ITIX
b 5 1 2
2 6 2 1
3 4 3 3
b 8 L 3
TYING BEAN NODE 5 TO SHELL NODE 1
OFFSETs -3.67300
TYING BEAM NOOE 6 TO SHELL NODE 2
OFFSETe =3.67000
TYING BEAM NODE 7 TO SHELL NODE 3
OFFSETs -3.67000
TYING BEAM NOOE 8 TO SHELL NOOE &
OFFSET¢ =3.67000
CePse TIME AT BEGINNING OF WRITAR

64

WALL GLOCK 173434,
CsP. TIME AT END 20,275
WALL CLOCK 17.34.35,

230018




A SIMPLE EXAMPLE
FIGURE 3,9 -~ *SUBSTRC® OQUTRUT (CONT*D)

C.P.TIME AT STARY

LN(DETERMINANT)= .306E¢03

C.P.TIME AT END OF TRIANGULARISATION

SINGULARITY RATI? .233E+00

CPU 1INt i9.067, CPU OUTS 23.4459 SPU TOTALS 44378 OSOLVL

LAST WRITE TAPES
2 8

NO OF SKIP READS FOR EACH SUBST
8 8

CONNECTIONS BETWEEN SUBSTRUCTURES

2 2

START OF STRUCTURE CONNECTIONS

NO OF CONNECTIONS,START OF NON ZERO CONN.
2 1

NO OF CONNECTIONS,START OF NOM ZERJ CONN,
2 1

CePe TIME AY BEGINNING OF WRITAR

WALL CLOCK 17.34.4L3,
CePs TIME AT END 23.61%
WALL CLOCK 17.36,44,

21,419

OF TRIANGULARISATION 20.301

234553

O.P.TIME AT START OF TRIANGULARISATION 23.617

LN(DETERWMINANT)= ,193E+03

8.P.TIME AT END OF TRIANGULARISATION 23,6569

OISPLACEMENTS BOUNDARY NODES

SINGULARITY RATIO .433E¢0D

-e126E-01 0. -e650E-08& Q. ’oZ’.‘OE°03 O «211E-C2 0. ~e952E-04
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A SIMPLE EXAMPLE
FIGURE 3.9 - *SUBSTRC’ OUTPUT (CONT®D)
0. «21LE-03 0. =+126E-01 0. ~e650E=0%

CPU INB 23.469, CPU OUTs 23.692+ GPU TOTALS

RESULTS FOR SUBSTRUCTURE NO 1

TVYING BEAM NODE 10 TO SHELL NODE 6
OFFSET?e -3.,670018

TYING BEAM NODE 9 YO SHZLL NODE 5
OFFSET? -3.67000

TYING BEAM NODE 8 TO SHELL NOOE )
OFFSET? -3.,67000

TYING BEAM NODE 7 VO SHELL NODE 3
OFFSET: -3,67008

CPU IN: 23,933, CPU OUTs 24.086¢ CPU TOTALS
RESULTS AFTER ITERATION 1 OF 3

ESTIMATED DTISPLACEMENTS +#049002910E-02
CALCULATED DISPLACEMENT? «4049082910€E~-02
PERCENT DOIFFERENCE (FACR®100)¢ 0.

PREVIOUS DIFFERENCE? 10,000

CPU IN3 2b,105, CPU OUTS 29,008, CPU TOTALS

RESULTS FOR SUBSTRUCTURE NO 2
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A SIMPLZI EXAMPLE
FIGURE 3.9 = °*SUBSTRC’ QUTRUT (CONT*'D)

CURRENT LOADS ARE 3.0C00 TIMES DATA LOADS
IND OF INCREMENY

START IMCREMENT

3

L

3.039 OSCINC

CONTINUE
PRINT EVERY 1 INCREMENTS
CPU INs 38,475, CPVU OUTS 41.514y CPU TOTALY
-1 0
MONITOR SUMMARY - DATESt 08/1F/73 TIMES 17.35.18,
MOOULZ COUNT CPU SECS PCT PP SECS PCT
1 MARC 1 e457 1.12 14130 beb3
2 CONTRA 2 «934 2028 Lb,378 17.88
3 O0ARZAD 2 20213 Seled 1953 7.98
b OPRESS 2 «569 lek0 «23% 95
5 0AS:zuB 2 104956 26482 « 896 3.66
5 050LVL 2 Tew27 18,23 Be994 28,57
7 CONTRS 1 2217 53 1.131 Leb2
8 CONTRZ L3 1700 “ed? L.618 18,886
3 0SJLV3 2 «352 086 1.181 “eB82
10 OGETST 2 9.722 23.86 «589 2ol
11 OSCINC 2 6020k 15,23 1375 S5.62
TOTALS? 4047565 2B

TOTAL TIME IN MONITORS
MFC NSROC 6400 NOS/BE
17.33.46,CSPRSLQ FROM /776
17.33446.,1°2 (0000064 WORDS =
1733446, CSPRSTR,CM277000,T799
17.33+48. BLOCK TIME
1733448, ATTACHysNEWNIN, RSCNENWI
17.33,48,PF CYCLE NO, = 003

«084 SECONDS
1.2 He2079225

8 RUN ON 5400

FILE INPUT
'PG.

N+ ID=CSRO.

s 02

17.33.48,ATTACH,PROG,E2NODTITSK, ID=CSHC,LC=1,

17.33.48,PF CYCLE NO. =
17.33.48,PROGs NEWIN,

00t

92

0%

IJ SECS PCT GLOCK PCT
«210 1.10 2. 2+33
2,898 15.18 9. 10.47
1.657 8.68 8. 3.3C
«139 73 1. 1416
o« T45 3. 90 12, 13.95
5602 3L,T7 19, 22,09
1.086 5.69 2o 2433
3J.151 16.50 10, 11.63
1.021 Se3s 2e 2433
el 2eleb 12, 13.95
1.080 5S¢ 65 9¢ 1Ce47
19.100 86.




A SIMPLE EXAMPLE
FIGURE 3¢9 - *SUBSTRC® OUTRUT (CONT*D)

17.34e02s ®*®%%% LAST TAPES 2 3 ®usss

17.3%642, MARC

17.35.19, stoP = NORMAL VERMINATION
17.35.19. 40,865 CP SECONDS EXECUTION TIME
17.35419.0P (00013568 WORDS ~ FILE OUTPUT , DC 40
1735419, 4§ 16336 MWORDS (¢ 118272 MAX USED)

17.35.19.CPA b .876 SEC.

17.35.19,10 20.556 SEC.

17.35419.,ANC 76639,822

17435¢19.SS 54e.210 SEC.

17.35419.PP 28.097 SEC. OATE 08717779

17.35419,EST, BASIC CHARGE 8 6.92
17.35.19.E4 END OF JOB, 760
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‘ADTOC’

ADD JTSPLACEMENTS

TO ORIGINAL COORDINATES
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KDT0C
INTRODUCTION

k.1 INTROOUCTION

THE AIM IS TO PRODUCE A FILE WHICH CAN BE USED TO
OISPLAY A DISPLACED STRUCTURE ON SOME GRAPHICAL OEVICE.
WE ARE CURRENTLY USING THE PROGRAM °*STAGING®’ FOR THIS
PURPOSE (STAGINREF},

*ADTOC* SCALES THE DOISPLACEMENTS PRODUCED 8y
*SUBSTRC® AND ADDS THESE SCALED DISPLACEMENTS TO THE
ORIGINAL COORDINATES. SCALING IS OFTEN NECESSARY TO
PRODUCE VISIBLE OEFORMATIONS OF A STRUCTURE.

*ADTOC’ IS USED IN CONJUNCTION WITH THE PROGPAM
*STON®, WHICH TRANSLATES A FILE FROM ?*SUBSTRUC’
INTERMEDIATE FILE FORMAT TO THE *NASTRAN’ BULK DATA
FORMAT,

Le2 DEFAULYS AND LIMITATIONS

THE DEFAULT MAGNITUOE OF °*SCALE*s WHICH MULTIPLIES
THE DISPLACEMENTS IS 50, YOU SHOULD PROBABLY TRY TO USE
A SCALE FACYOR WHICH PROOUCES A MAXIMUM DISPLACEMENT OF
10 PERCENT OF THE LARGEST DIMENSION OF THE STRUCTURE
(FOR VISIBLILITY),

THE MAXIMUM NUMBER OF NODES 1IN ANY SUBSTRUCTURE
WHICH CAN B8F ACCOMMODATED 8Y *ADTIC* IS 6512, THE

MAXIMUM NUMBER OF SUBSTRUCTUPES IS 6L, THESE MAY BE
INCREASED BY MODIFYING THE SOURCE CODE.,

L,3 USING THE PROGRAM

THE FOLLOWING CONTROL CARODS ARE SUFFICIENT 7O
EXECUTE "ADTOC*t

ATTACH,ADTOC,ID=CSPR,
ADTOC.
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ADTOC
USING THE PROGRAM - DEFAULT EXECUTION

Le3s1 DEFAULT EXECUTION

ADTIC+ INPUT,NENIN, TAPESL1 OUTPUT, INFILE.,

be3es2 FILES

INPUT THIS FILE CONTAINS AT MOST TWO
CARDS,
CARD 1 CONTAINS ‘SCALE’, A REAL
NUMBER ENTERED IN FREE FORMAT,
DEFAULT VALUE IS 50.0.
CARD 2 CONTAINS *MAXDEG®s THE
MAXTIMUM NUMBER OF DEGREES OF
FREEDOM AT A NODE IN THIS
ANALYSIS. THE DOEFAULY IS 9,
IF THE DEFAULT VALUES ARE
APPROPRIATEs <INPUT> MAY BE AN
EMPTY FILE.,

NEWIN THE OATA FILE PRODUCED BY THE
PROGRAM ‘WABS®*

TAPE61 YHE FILE OF DISPLACEMENTS FROM
*SUBSTRC *

ouTPUY PRINTED OUTPUT FROM *ADTOC’

INFILE THIS FILE IS IN THE SAME FORMAT

AS <NEWIN> AND CONTAINS THE
NODAL TOPOLOGY (CONNECTIVITY)
AND THE MOOIFIED COORDINATES.

L. EXAMPLE

THIS EXAMPLF SHOWS THE PRODUCTION OF THE FILE
<NEWIN> BY *WABS* AND THE FILE <INFILE>» BY *ADTOC‘’s THE
FILE <TAPEG61» IS ASSUMED TO HAVE BEEN PRODUCED AND
CATALOGED IN AN EARLIER ANALYSIS PERFORMEO WITH
*SUBSTRC".
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ADTOC
EXAMPLE

COMMENT, === =memmmeu- —emmemmea- ceecescccccncccana

COMMENT., PRODUCE FILE <NEWIN>,

CO"NENT.--------- PO OO DO @B MED D NGRS @D GG @SS S

ATTACH,MABS ,ID=CSPR.
ATTACH,0ATA,YOURDATA,ID=YOUR,

WABS.
UNLOAD,WABS,DATA,
COMMENT (-~~~ mec-eemcescmecaa—a- m--em-eccao-coeo

COMMENT, ADD DISPLACEMENTS, PRODUCE <INFILE>
COMMENT, ====ececceccmceccccacamacaccccnccacccans
ATTACH,TAPE61,YOURTAPE61-10=YOUR,

ATTACH,ADTOC, ID=CSPR,

ADTOC.,

UNLOAD,ANTOC,

AT THIS POINT, THE FILE <INFILE» EXISTS, WHICH IS
IN THE SAME FORMAT AS THE ‘SUBSTRC’ INPUT FILE <NEWIN>.
TO CONTINUE, AND PREPARE THE DATA FOR DISPLAY WITH A
DISPLAY PACKAGE, ONE MUST TRANSLATZ THIS DATA INTO A
FORM COMPATIBLE WITH THE PLOTTING OEVICE. IFy FOR
EXAMPLE, THE DISPLAY IS TO BE DONE WITH *STAGING®, THE
FOLLOWING CONTROL CARDS WOULD BE EXECUTED IMMECIATELY
FOLLOMING THE ABOVE:

COMMENT. TRANSLATE TO NASTRAN INPUT FILE <DATA>

COMMENT,===ccec-mccccccccecccccrcccacecncccccans

ATTACH,STON,ID=CSPR,

STON, INFILE.

UNLOAD,STON,

ATTACH,PROCFIL, PROCFILPRESTAG,ID=CAMK,

BEGIM, TOEALTK,,DR=DBNAME,ID=YOUR,STR1=STRUCTUREN,
STR2=AMEUPTOLOC,STR3=HARACTERSL , STRU=ONG,
SUB1=UPTOLOCHAR, SUB2=SUBSTRUCTU, SUB3=RE NAME,
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CHAPTER 5

‘BEAMX®

GENERATE COORDINATES
FOR OPEN SECTION BEAM

ELEMENTS (TYPE #13)
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*3E AMX !
INTROCUCTION

S«1 INTRODUCTION

*BEAMX* WAS WRITTEN YO ASSIST IN THE PREPARATION OF
COORDINATE DOATA FOR THE OPEN SECTION BEAM ELEMENT (TYPE
#13) IN THE *MARC* PROGRAMS, THE GEOMETRIC OEFINITIONS
OF FEACH GRID POINT FOR ELEMENT 13 REQUIRE 3 CARTESIAN
COORDINATES (X, Yy Z), THE DERIVATIVES OF THESE
COORDINATES WITH RESPECT TO THE ARC LENGTH 'S¢,
(0X/70S, OY/DS, DZ/70S), 3 COMPONENTS OF A UNIT VECTOR 1IN
THE DIRECTION OF THE *X* AXIS WHICH DEFINES THE BEAM
CROSS SECTION (AX, AY, AZ), THE DERIVATIVES OF THESE
COMPONENTS WITH RESPECT T0 ARC LENGTH 'S
(DAX/0S, DAY/DS, DAZ/DS), AMO FINALLY, THE ARC LENGTH AT
THE GRIPIINT *S*’, THUS, EACH NODE IS DEFINED BY A TOTAL
OF 13 COOROINATES, “*BEAMX® SHORTENS THE TIME NECESSARY
TO PREPARE THESE DATA, AND ENSURES THAT THEY APE
EXPRESSED IN PROPER TERMS.

*BEAMX’ IS WRITTEN IN FORTRAN &, IT IS SMALLs AND
EASILY MOODIFIED.

5.2 FILES

THE FOLLOWING FILES ARE USED BY *BEAMX’t

INPUT USER INPUT
ouTPUT PRINTED OUTPUTY
TAPET FILE OF GENERATED COORDINATES
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*BEAMX’
EXECUTION

€¢3 EXECUTION

5.3.1 A3 A BATCH J0B1

TO RUN *BEAMX®* AS A BATCH JOB,s ONE MAY EXECUTE THE
FOLLOWING CONTROL CAROS?

JOB,CM350009eee

CHARGE , YOUR, GOBBLYGOOK,
ATTACH,BEAMX+BEAMXLGO,I0=CSPR.

ATTACH, IN, YOURINPUTTOBEAMX,ID=YOUR,
REQUEST,TAPET7, *PF,

MAP,OFF,

BEAMX,IN,

CATALOG, TAPE7 , YOURBEAMCOORDINATES,I0=YDUR.

NOTE THAT IN THE ABOVE, IT IS ASSUMED THAT THE
INPUT FILE <IN> HAS BEEN CREATED 1IN SOME OTHER J08B
(POSSIBLY USING ONE OF THE SYSTEM TEXT EDITORS).
<TAPE7> MAY LATER BE ATTACHED INTERACTIVELY AND THE DATA
INSERTED INTO THE ANALYSIS INPUT FILE AT THE APPROPRIATE
PLACES,

S+3+2 AS AN INTERACTIVE JOB?

TO EXECUTE *BEAMX®* INTERACTIVELY, THE FOLLONWING
COMMANDS MAY BE ISSUEDS

ATTACH,BEAMX  BEAMKL GOy ID=CSPR.

ATTACH, INPUT, YOURINPUTTOBE AMX,ID=YOUR,
REQUEST, TAPET, *PF,

MAP,OFF,

BEAMX,

NOTE THAT IN THE ABOVE, IT IS ASSUMED THAT THE
INPUT FILE <INPUT> HAS BEFN CREATED IN SOME OTHER JOB
(POSSIBLY USING ONE OF THE SYSTEM TEXT EOITORS). AT
THIS POINT, <TAPE7> EXISTS AS A LOCAL FILE AT YOUR
TERMINAL, IT MAY BE FURTHER MANIPULATED WITH OTHER

101




‘BEAMX?
EXECUTION

SYSTEM TOOLS., CATALOGED, ETC. AFTER EXECUTION
INTERACTIVELY, THE OUTPUT MAY BE ROUTED TO A PRINTER, OR
SCANNED AT THE TERMINAL ITSELF,

5+303 DEFAULT EXECUTION

THE DEFAULTY EXECUTION OF ®BEAMX® ISt

BEAMX, INPUT, OUTPUT,TAPE7,

S.4 THE <INPUT> FILE

THE INPUT DATA ARE THE MINIMUM REQUIRED T0
COMPLETELY DEFINE THE GEOMETRY OF THE BEAM, NOTE THAT
THIS FILS IS NOT (THAT IS NOT!) FREE FORMAT! ALL
NUMBERS MUST B8E ENTERED WITHIN THE FIELOS ON THE CARD
SPECIFIED. INTEGERS ARE ENVERED WITHOUT A CECIMAL
FOINTy, RIGHT JUSTIFIED IN THE FIELD, REALS ARE ALWAYS
ENTERED MITH A DECIMAL POINT,

CAUTION?

*BEAMX* ODOES NO ERROR
CHECKING!?
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*BEAMX®
<INPUT> FILE

(1) CARD 1
NOTES CoLS VARIABLE
(2) 1-3 FLAG
CARD 2
NOTES goLS VARIASBLE
() 1-5 ICASE
CARD 3.t
NOTES GoLs VARIABLE
() 1-5 I1BMTYP
2-10 NUMND
(5) CAPD 3,2
NOTES goLs VARIABLE
1-5 NODE1
6=-10 NODE?2
see NOOEN

103

‘OLD’y OR, OMIT ENTIRELY,

NUMBER oF BEAMS 10

GENERATYE

TYPE OF BEAM,
1t CIRCUMFERENTIAL ON A

CYLINDER?
2t LONGITUDINAL ON A
CYLINDER
NUMBER OF GRIDPOINTS ON
THE BEAM

NUMBER OF FIRST NODE
NUMBER OF SECOND NODE

NODE NUMBER *NUMND’




*BEAMX?®

<INPUT> FILE

CARPD 3.3
NOTYES GoLsS VARIABLE
(6} 1-10 R RADIUS OF CYLINDER
CAPD 3.&
NOTES coLs VARIABLE
«7) 1-10 Z(1) Z LOCATION OF FIRST NGOE
11-2° Z(2) Z LOCATION OF SECOND NODE
sen
CAPD 3.5
NOTES CcoLsS VARIABLE
(8) 1-10 THETA (1) ANGLF TO FIRST NODE,
DEGREES
11-20 THETA (2) ANGLE TO SSCOND NCOF
ves
NOTES?

1. 'BEAMX’

EITHER OF

DEFAULT,

AND

MAY PRODUCE COORDINATES ON <VAPE7> 1IN
TWO FORMATS: *NEW’, WHICH IS THE
WHICH IS COMPATIBLE NWITH

2o

THE *WABS’ INTERMEDIATE FILE <NEWIN> AS WELL AS
*MARCCDC®* AND *TRAINS?, IF *WABS*® FORMAT DATA
IS DESIRED ON <TAPE7>, OMIT THIS CARD ENTIRELY.

THIS INPUT IS CHARACTER INPUT,
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*BEAMX®

<INPUT>

3

b

5

6o

7.

B

FILES NOTES

*ICASE® IS THE NUMBER OF BEAMS GENERATED.
THUSs CARDS 3.1 THRU 3.5 ARE REPEATED AS A SET
*ICASE® TIMES,

CIRCUMFERENTIAL BEAMS ARE FAMILIAR TO ANALYSTS
OF PRING STIFFENED CYLINDERS AS 'FRAMES .,
LONGITUDINAL BEAMS ARE *STRINGERS?,

NOCE NUMBERS ARE INTEGERS, THEY APE ENTERED
RIGHY JUSTIFIED IN THE FIELDS ON THIS CARD.
SINCE EACH NODE NUMBER REQUIRES 5 COLUMNS, IT
IS POSSIBLE TO INPUT A MAXIMUM OF 15 NOCES PER
CARD, 1IF THERE ARE MORE THAN 16 NODES TO BE
INPUT, MERELY ENTER THEM ON SUCCESSIVE CARDS IN
5 COLUMN FIELDS UNTIL THE TOTAL OF ‘NUMND’
NODES HAS BEEN ENTERED,

THF RADIUS R IS A REAL NUMBERP, AND MUST BE
ENTERED WITH A DECIMAL POINT.,

Z COORDINATES ARE REAL NUMBERS, ENTERED WITH A
OECIMAL POINT, NOTE THAT A SINGLE Z COORDINATE
IS REQUIRED FOR CICRCUMFERENTIAL BEAMS, WHEREAS
A LONGITUDINAL BEAM REQUIRES * NUMND* Z
COORDINATES, 'BEAMX® DETERMINES THE AMOUNT
NEEDED, AND READS UNTIL IT IS SATISFIED. SINCE
EACH *7Z° OCCUPIES 10 COLUMNS, IV IS POSSIBLE TO
PUT A MAXIMUM OF 8 *7°S ON A CARDe 1IF YCU NEED
MORE, MERELY CONTINUE ENTERING °2°'S ON
SUCCESSIVE CARDS IN 10 COLUMN FIELDS UNTIL THE
TOTAL REQUIRED HAS BEEN ENTERED.,

FACH ANGLE *THETA(I)* IS A REAL NUMBER, ENIERED
WITH A OFECIMAL POINT, NOTF THAT THERE ARE
‘NUMND®* VALUES REQUIRED FOR A CIRCUMFERENTIAL
BEAM, WHILE THERE IS ONLY 1 REQUIRED FOR A
LONGITUDINAL B8EAM, °*THETA® MEASURES THE ANGLE
TO THE BEAM FROM THE X=Z PLANE TO THE NODE.
SINCE €ACH *THETA* OCCUPIES 10 COLUMNS, IT IS
POSSIALF YO PUT A MAXIMUM OF 8 ‘THETA’S ON A
CARD, IF YOU NEED MORE, MERELY CCNTINUE
ENTERPING ‘THETA'S ON SUCCESSIVE CARDS 1IN 10
COLUMN FIFLDS UNTYIL THE TOTAL RFQUIRED HAS BEEN
ENTERED.
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*AFAMX®
LIMITATIONS AND REMARKS

5.5 LIMITATIONS AND REMARKS

1, MINIMUM FIELD LENGYH TO EXECUTE YBEAMX
APPROXIMATELY 35000 WORDS

2. MACHINES COC 60CO
3. TIME ESTIMATEt .005 SECONOS PZR NOOZ

Le PROGRAM MAINTENANCE! *REAMX’ IS WRITTEN 1IN
FORTPAN AND MAINTAINEDO BY THE AUTHOR, THE
SOURCE CODE IS RETAINED AS THE SOURCE FILE

BEAMXSOURCE LID=CSRO. THE RELOCATASBLE
(DBJECT) coot IS RETAINED AS

BEAMXLGO ,ID=CSPR. BOTH THE SOURCE AND THE
RELOCATABLE ARE RETAINED ON PRIVATE DISK DV4717
AT THE OTNSRDC cCOCe4OQ.
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FOR AN ANALYSIS
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oM

INTROOUCTION

6¢1 INTROOUCTION

‘CM® WAS WRITTEN TO COMPUTE THE AMOUNT OF COMPUTER
MEMORY NEEDED FOR AN ANALYSIS.

ESTIMATES OF STORAGE ARE SOMETIMES NECESSARY PRIOR
TO ANY ANALYSIS MERELY TO DETERMINE IF AN ANALYSIS OF
THE ENVISIONED SIZE WILL EXCEED THE CAPACITY OF THE
*SUBSTRC” PROGRAM, THIS FORCES AN ANALYST TO
APPROXIMATE THE SIZE OF THE ANALYSIS BY GAZING AT THE
CEILING ANO GUESSING (IN A RATHER ROUGH WAY) HOW THE
STRUCTURE WILL BE OIVIDED,

ESTIMATING IS MADE OIFFICULT BY THE DVNAMIC STORAGE
ALLOCATION PROCESS USED BY ‘SUBSTRC’s VTHE STORAGE USED
IN ANY ANALYSIS IS PROBLEM DOEPENDENTS THAT IS, THE
STORAGE REQUIRED VARIES FROM CASE TO0 CASE IN A
NON=LINEAR FASHION, THE ALLOCATION ALGORITHM IS QUITE
SIMPLE LOGICALLY BUY INCREDIBLY COMPLEX ARIVHMETICALLY,
AND IS IDEALLY SUITED TO MACHINE SOLUTION.

IT IS TRUE THAT THE °*SUBSTRC’ PROGRAM ITSELF COULD
BE USEJ TO DETERMINE THE STORAGE ALLOCATION MITHOUT
EMPLOYING A SEPARATE PROGRAM, HOWEVER, ‘SUBSTRC’ IS A
LARGE PROGRAM AND REQUIRES ABOUT HALF OF THE AVAILABLE
MACHINE RZSOURCES MERELY TO BEGIN OPERATION. MWITH OTHER
JOBS RUNNING IN A MULTIPROGRAMMING ENVIRONMENT, THE
RESPONSE FROM *SUBSTRC®* IS THUS SLOW, ‘CM* IS A SMALL
PROGRAM WHICH PROVIDES RAPID TURNAROUND, AND IS CHEAP TO
RUN. IT IS THEREFORE PREFERABLE FOR THE TASK OF
DETERMINING THE CENTRAL MEMORY REQUIREMENTS,

*CM®* PRIVIDES A LOOP ON THE ‘SUBSTRC’ VARIABLE
*MXRD’, MWHICH IS THE NUMBER OF ROWS OF SUBSTRUCTURE
STIFFNESS MATRIX WHICH CAN FIT INTO CENTRAL MEMORY AT
ANY TINME., IT IS PREFERABLE TO HAVE THE LARGEST ’MXRO’
POSSIBLE YO REDUCE THE AMOUNT OF CENTRAL PROCESSOR TIME
USED IN PERFORMING INPUT/OUTPUT OPERATIONS. ‘CM’ SETS
‘MXRD® TO THE VALUE OF *MAXNP®* (THE MAXIMUM OFs THE
MAXIMUM HALF BANDWNIOTH IN A SUBSTRUCTURE, THE MAXIMUM
CONNECTIVITY IN A SUBSTRUCTURE. SEE NOTES BELOW), IF
THE ANALYSIS WILL FIT INTO THE ARRAY SPAC:Z AVAILABLE,
*CM* STOPS, PRINTING THESE SIZES. IF THE ANALYSIS WILL
NOT FIT INTO THE ARRAY SPACE AVAILABLE, ‘MXRD’ IS
REDUCED BY 1, AND THE ALGORITHM IS EXECUTED AGAIN., THIS
ITERATION IS PERFORMED UNTIL THE ANALYSIS FITS, OR
‘MXRD* IS LESS THAN 1.
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‘CM® PRINTS THE ARRAY SIZES NECESSARY FOR PROBLEM
SOLUVION, IF THE ANALYSIS WILL NOT FIT WITH THE GIVEN
PARAMETERS, RETHINK THE ANALYSIS AND SUBSTRUCTURE IT
DIFFERENTLY, IF THE ANALYSIS WILL NOT FIT AFTER SEVERAL
ATTENPTS TO SIZE ITs CONTACT OTNSROC CODE 1720+ 3.

6.2 FILES

THE FOLLOWING FILES ARE USED BY ‘CM‘:

INPUT USER INPUT (SAME FORMAT AS THE ‘SUBSTRC’
FILE <NEWIN>

oUTPUT PRINTED OQUTPUT

6.3 EXECUTION

6.3.1 AS A BATCH J0B?

TO RUN *CM* AS A BATCH J0By ONE MAY EXECUTE THE
FOLLOWING CONTROL CARDSS?

JOB4CM350009 000
CHARGE, YOUR, GOBBLYGOOK,
ATTACH,CMysCMLGO»ID=CSPR.

ATTACHy INy YOURINPUTTOCM, I0O=YOUR.
MAP,OFF.

CM,IN,

NOTE THAT IN THE ABOVE, IT IS ASSUMED THAT THE

INPUT FILE HAS BEEN CREATED IN SOME OTHER J0B (POSSIBLY
USING ONE OF THE SYSTEM TEXT EDITORS).
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6.3.2 AS AN INTERACTIVE 408t

TO EXECUTE *CM* INTERACTIVELY, THE FOLLOWING
CONMANDS MAY BE ISSUED?

ATTACH,CMoCMLGO, ID=CSPR,
MAP,OFF,
CM.

NOTE THAT IN THE ABOVE, IT IS ASSUMED THAT THE
INPUT FILE HAS BEEN CREATED IN SOME OTHER J0OB (POSSIBLY
USING ONE OF THE SYSTEM TEXT EDITORS). AFTER EXECUTION
INTERACTIVELY, THE OUTPUT MAY BE ROUTED TO A PRINTER, OR
SCANNED AT THE TERMINAL ITSELF.

5e¢3¢3 DEFAULT EXECUTION

VTHE DEFAULT EXECUTION OF °CM°* ISt

CMsINPUT,0UTPUT,
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6s THE <INPUT> FILE

THE <INPUT> FILE IS COMPRISED OF THE FIRST NINE
CARDS DJF THE ‘WABS’ INTERMEDIATE FILE <NEWIN>, USING
ONE QF THE SYSTEM EOITORSy AND THE FREE FORMAT PROGRAM
‘FREEIN®y THESE CARDS MAY BE EASILY CREATED. NOTE THAT
THIS FILE IS NOT (THAT ISt NOT?) FREE FORMAT, ALL
NUMBERS ARE INTEGERS (WITH THE EXCEPTION OF THE FIRST
CARO) AND MUST BE ENTERED RIGHT JUSTIFIED IN THE FIELODS
SPECIFIED.

CAUTION?

‘CM* 00ES NO ERROR
CHECKING?

NOTES SOLS VARIABLE
CARD 1
1-76 LABEL 76 COLUMNS OF TITLE
NOTES CoLsS VARIABLE

1 CARD 2
(2) 1-10 MAXALL SIZE OF COMMON /SPACE/
11-15 IDINM GO/NOGO SWITCH (SET = 0)
16-20 IROD1 LENGTH OF INDEX FOR
<TAPE12> (DEFAULTS 50)
21-25 IRD2 LENGTH OF INDEX FOR

<TAPEL14> (DEFAULTS SO
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<INPUT> FILE

NOTES coLs

CARD

L5

610
11-15
16=-20

NOTES coLs

CARD

1-5

6-10
11-15

16-20

NOTES SOLS

CARD

1-5

VARIABLE
3

NELTYP

J1

J2

J3

VARIABLE
4

IsI

IRESIO

KINHRD

LODOCOR

VARIABLE
5

ICRY

MAXNP

MAX BW

MXRO

IELAS
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NUMBER JF ELEMENT TYPES
(MAXIMUM OF 3 PERMITTED)

ELEMENT TYPE 1
ELEMENT TYPE 2
ELEMENT TYPE 3

FLAG FOR LARGE
DISPLACEMENT ANALYSIS
(SET = 1)

NOT USED (SET = 8}

FLAG FOR KINEMATIC
HARDENING (SET = 1 FOR
KINEMATIC HARDEINING, =0

FOR ISOTROPIC HARDENING)

FLAG FOR LOAD CORRECTION

(SET = 1)

MATRIX SOLUTION FLAG
MAXIMUM NODAL CONNECTIVITY
MAXIMUM NODAL BANOWIDTH/2

NUMBER OF IN-STORE ROMS OF
STIFFNESS MATRIX (SET = 0)
ELASTIC FLAG
(SET = )
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2630 IPRBLD FLAG FOR BUILDING
SUBSTRUCTURE TAPE
(SET = O)
31-35 ITIEM MAXIMUM NUMBER OF TIES IN
A SUBSTRUCTURE
36-40 ISTYPNM NUMBER OF TYPES OF TIES
(&) bl=65 LONGTM NUMBER OF RETAINED NODES
PLUS 1
(5) 8650 NUMDIS NUMBER OF TYPES OF

DISTRIBUTED LOADS
NOTES CoLs VARIABLE

CARD 6
L-5 MESHR INPUT TAPE NUMBER
(SET = 0)
5-10 IPLOT NOT USED (SET = 0)
11-15 IRSTRY NOT USED (SET = 0)
16-20 IELSTO ELEMENT STORAGE FLAG
(SET = 1)
NOTES coLs VARIABLE
CAR} 7
t-5 NUMEL MAXIMUM ELZMENTS IN A
SUBSTRUCTURE
b-10 NUMNP MAXIMUM NODES IN A
SUBSTRUCTURE
11-15 NUMBC MAX IMUN BOUNDARY
CONDITIONS IN A
SUBSTRUCTURZ
(6) 16-20 NSTRES STRESS LOCATION FLAG
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21-25 DUMMY NOT USED (SET = 0)

26-30 NBCTMX MAXIMUM BOUNDARY CONDITION
TRANSFORMATIONS IN A
SUBSTRUCTURE

31-35 MPTPMX MAXIMUM TRANSFORMATIONS IN

A SUBSTRUCTURE

NOTES coLs VARIABLE
CARD 8

(7 1-5 MPRMAX MAXIMUM PRZSSURE LOADS IN
A SUBSTRUCTURE

5-10 NPIMAX MAXIMUM INTERNAL NODES IN
A SUBSTRUCTURE, TeEor
NODES WHICH DO NOT CONNECT
WITH OTHER SUBSTRUCTURES.

11-15 NPBMAX MAXIMUM NODZS ON A
SUBSTRUCTURE EDGEs IeEeo
NODES WHICH CONNECT WITH
OTHER SUBSTRUCTURES.

16-20 NUMMAX MAXTIMUM NODZS IN A
SUBSTRUCTURE (SAME AS
*NUMNP®* OF CARD 7).
21-25 NSTCON NUMBER OF SUBSTRUCTURES
(8) 26-30 NTPBO TOTAL EOGE CONNECTIONS
31-35 NNIMIN MINIMUM NUMBER OF INTERNAL
NODES IN A SUBSTRUCTURE
(SET = 1)
(9} 3640 MAXBWO MAX IMUM BANDWIDTH/2 OF
INTERSUBSTRUCTURE
CONNECTIVITY

bi-k5 ISuBXP MATRIX SOLUTION FLAG
(SET = 1)
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NOTES CoLs VARIABLE

CARD 9

1-5 MASTRS MATRIX SOLUTION FLAG
(SET = 0)

6-10 LASTRS SUBSTRUCTURE RESTART FLAG
(SET = 0)

11-15 Q NUMBER OF RESTART TAPE
(SET = 0)

16-20 0 NUMBER OF REISTART TAPE
(SET = D)

21-25 IPROV MATRIX SOLUTION FLAG
(SET = 1)

NOTESS

1.

24

be

THE CURRENT ACTIVE DIMENSIONS IN THE *SUBSTRC’
PROSRAM MAY BE OBTAINED FROM ODTNSRDC COOE
1720.3.

MAXIMUM *MAXALL® AS OF THIS WRITING IS 63000.

*MAXNP* IS THE MAXIMUM NUMBER oF NODES
CONNEGTED TO A NODEes INCLUDING TIES. THIS IS
IMPOSSIBLE TO DETERMINE CORRECTLY WITHOUT
ACCURATE KNOWLEDGE OF THE *SUBSTRC’
CONNECTIVITY ALGORITHM, PRECISE COUNTS OF
CONNECTIVITY “MAXNP’ AND NODAL HALF BANOWMIDTH
‘MAXBW’ ARE CALCULATED BY ‘WABS ?, THE
INTERESTED READER IS ODIRECTED TO THE ‘WABS’
PROGRAM MODULES WHICH PERFORM THIS CALCULATION
USING EXTREMELY FAST REGISTER ARITHMETIC
(PROCESSING BITS RATHER THAN NUMBERS) . THESE
ROUTINES ARE?S KIIBAND, KIIBANLs BNDWOTH,
KIIBA11, LMNBITS, KIIBA21, AND KIIBA3L.

ADD 1 TO THE MAXIMUM NUMBER OF NOODES INVOLVED
IN ANY TIEs AND ENTER THIS NUMBER,
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<INPUT> FILES NOTES

65

5.

Be

Te

8.

9,

‘NUMDIS® IS ACTUALLY THE NUMBER OF ALTERATIONS
OF THE MAGNITUDE OF THE DISTRIBUTED LOADS IN
ANY SUBSTRUCTURE. FOR EXAMPLEs IF THE LOAD ON
ELEMENT 1 IS 1.0 PSI, ELEMENT 2 IS NOT LOADED,
AND THE LOAD ON ELEMENT 3 IS 1.0 PSIs THE
INTERPREVATION ISs ELEMENT & IS LOADEO WITH 1.0
PSIe ELEMENT 2 IS LOADED NWITH 0.0 PSI, AND
ELEMENT 3 IS LOADEO WITH 1.0 PSI. ‘NUMDIS’ IS
THEREFORE 3, BECAUSE THERE ARE 3 ALTERNATIONS
OF LOAD MAGNITUDE,

*NSTRES? IS SET = 0 WHEN STRESSZS ARE TO BE
EVALUATED AT A SINGLE POINT WITHIN AN ELEMENT
(USUALLY THE CENTROID)., WHEN “NSTRES’ IS
SET = 1, STRESSES ARE EVALUATED AT ALL
INTEGRATION POINTS.,

*MPRMAX® IS THE COUNT OF THE ACTUAL DISTINCT
NON=ZERO PRESSURE LOADS CN A SUBSTRUCTURE. FOR
EXAMPLEs IF THE LOAD ON ELEMENT 1 IS 1.0 PSI,
ELEMENT 2 IS NOT LOADED, AND THE LOAD ON
ELEMENT 3 IS 1.0 PSI, THE INTERPRETATION IS
THAT *MPRMAX* = i, BECAUSE THERE IS 1 OISTINCT
NON-ZERO PRESSURE LOAD.

*NTPBO* IS THE LENGTH OF THE INTER SUBSTRUCTURE
CONNECTIVITY ARRAY., SINCE MOREZ THAN ONE
SUBSTRUCTURE MAY BE JOINED AT AN EDGEs THIS IS
NOT STRICTLY THE SUM OF ALL THE EDGE NODES, 8UT
RATHER THE EDGE CONNECTIVITY,

*MAXBWO* IS SIMPLY THE MAXIMUM SUBSTRUCTURE TO
SUBSTRUCTURE CONNECTIVITY,

LIMITATIONS AND REMARKS

1.

2,

3.

IT WOULD BE INSTRUCTIVE TO READ THE ‘CM’
PROGRAM TO APPRECIATE THE 'SUBSTRS* OYNAMIC
STORAGE ALLOCATION PROCEDURE.

MINIMUM FIELD LENGTH T0 EXECUTE fCMs
APPROXIMATELY 35000 WORDS.

MACHINES CDC 6000
TIME ESTIMATE® 5 SECONDS.
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LIMITATIONS AND REMARKS

PROGRAM MAINTENANCES: °‘CM‘* IS WRITTEN IN FORTRAN
AND IS MAINTAINED BY THE AUTHOR. THE SOURCE
CODE IS REVAINED AS A SOURCE INPUT FILE TO THE
*UPDATE "’ UTILITY AS CMur ,ID=CSRO. THE
PROGRAM ITSELF IS RETAINEO IN RELOCATABLE FORM
AS CMLGO +ID=CSRO. BOTH THE SOURCE AND
RELOCATABLE FILES ARE RETAINED ON PRRIVATE OISK
DVL717 AT THE DTNSRDC CDCe4DO,
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CHAPTER 7

'OFLSIFT®

SIFT OISPLACENENTS
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7.1 INTRODUCTION

OFLSIFT® IS AN [INTVERFACE BETWEEN THE *SUBSTRC'
PROGRAM ELEMENT TYPE 8 (DOWBLY CURVED SHELL TRIANGLE)
AND THE UNIVERSITY OF CALGARY PLOTTIN5 PJOGRAM C*CONT?
(REFERENCE (CONT)}). AS SUCH, IT PROCESSES THE *SUBSTRC®
INTERMEDIATE DATA FILE <NEWIN> AND THE SUBSTRC
DISPLACEMENT OUTPUT FILE <TAPEBL> TO PRODUCE A FILE
<BDATA> COMPATIBLE WITH THE BULK OF THE INPUT DATA TO
‘CONT®, DFLSIFT® MAKES 2 ADDITIONAL FILES WHICH MAY BE
REUSED FOR FURTHER SIFTING.

*OFLSIFT* IS OESIGNED TO FILTER THE *SUBSTRC®
INTERMEDIATE FILE <NEWIN> MWITH USER-DEFINED FILTERS.,
THUS, fDFLSIFT® WILL PUT ON THE OUTPUT FILE <DATA> ONLY
THOSE ELEMENTS AND COORDINATES WHICH PASS THRU THE
FILTER(S)« YOU ALSO HAVE THE OPTION OF UNROLLING AN
AXISYMMETRIC SURFACE ABOUT ONE OF 3 AXES,

*OFLSIFT* IS DESIGNED TO LOGICALLY AND ACTUALLY
SEPARATE EACH SPECIFIC TASK INTO A SINGLE MODULE OR
SUBROUTINEs THIS KIND OF CONSTRUCTION MAKES FURTHER
CHANGES TO °*DFLSIFT® FEASIBLE BY OTHER THAN THE ORIGINAL
DESIGNER. IT IS WRITTEN IN FORTRAN,

7.2 FILES

INPUT USER INPUT, SECTION 3 OF THIS REPORT
GIVES DETAILED EXPLANATIONS OF USER
INPUT,

ouTPUT PRINTED OUTPUT - USUALLY A30UT A PAGE OR
THWO. THE MAXIMUNM, MINIMUM AND
OIFFERENCES OF THE COORDINATES AND THE
DISPLACEMENTS ARE PRINTED HERE, WHICH
ALLOWS YOU TO GET AN IDEA OF WHAT THE
INPUT TO °*CONT® SHOULD BE,

NEWIN THE IMTERMEDIATE ?*SUBSTRC®* FILE PROODOUCED

BY *WABS*
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OATA THE CODED *OFLSIFT® OUTPUT FILE SUITABLE
FOR FURTHER PROCESSING, POSSIBLY 8Y A
PLOTTING PROGRANM, IT CONTAINS ONE
PARTITION FOR EACH OF THE DISPLACEMENTS.,
EACH PARTITION ENDS NWITH A FORTRAN
WRITTEN ‘'ENDFILE®* MARK, EACH PARTITION
CONTAINS N RECORDSy MHERE N IS THE NUMBER
OF NOODES PASSED THRU THE USER-DEFINED
FILTERSs THE FORMAT OF EACH RECORD ON
THE DATA FILE IS (3E15.7,12) EACH
RECORD IN EACH PARTITION CONTAINS

X, Y, Z, FLAS
WHERE S
X IS THE REAL X COORDINATE OF THE
INTEGRATION POINT,
Y IS THE REAL Y COOROINATE OF THE
INTEGRAYION POINT,
Z IS THE REAL DISPLACEMENT VALUE AT THE
NODE.
FLAG IS AN INTEGER WMHICH SIGNALS THE END
OF THE 0ATA, FLAG = 0 MEANS MORE O0OATA
FOLLOMS: FLAG = 99 SIGNALS ZND OF DATA,

MSXYZ THE MASS STORAGE CDOROINATES FILE MADE BY
*OFLSIFT’, Iv CONTAINS ALL THE
COORDINATES NUMBERED SEQUENTIALLY. IT7
HAS NO REFERENCES TO SUBSTRUCTURES AT
ALL. THIS FILE IS SAVAS3LE.

MSOISP THE MASS STORAGE DISPLACEMENT FILE MADE
8Y *OFLSIFT?’., IT CONTAINS ALL THE
DISPLACEMENTS PROOUCED BY *SUBSTRC' AT
ALL THE NODES., IV HAS NO REFERENCES TO
SUBSTRUCTURES AT ALL. T4IS FILE IS
SAVABLE.

7.2.1 A NOTE ON THE <DATA> FILE

TO MAKE THINBS EASIER TO HANOLE WHEN VYOU ARE
VIEWING THE OISPLACEMENTS OM A °*SCOPE, YIU MAY WANT YO
USE THE PROCEDURE CRUMBLE TO BREAK THE DATA FILE INTO
PIECES (OF COURSE, CRUMBLE MAY BE USED AT ANY TIME).

TO CREATE A FILE WHICH DOES NOT HAVE ANY END-FILE
MARKS (THAT IS, THE FILE IS ONE HUGE PARTITION), USE THE
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COPYS SYSTEM UTILITY (DESCRIBED MORE FULLY IN REFERENCE
(CCRM}) AS FOLLOMWSE

BEGINyCOPYS, ,COPYJ,DATA, NEWFIL .
REWIND NEWFIL.

NOTE THAT THE INPUT DATA EXPECTED BY *CONT* IS TO
COME FROM TAPEB, TAPE9, OR TAPEL10, SO YOU MAY HAVE TO
LOCALLY RENAME THE DATA FILE OR THE OUTPUT FILES OF
CRUMBLE AT THE SCOPE. YOU CAN DO THIS WIT4 THE INTERCOM
COMMANDS (REFERENCE CINTERCOM}) s

UNLOAD, OLDLFNeCR>
BATCHy OLOLF Ny RENAME ,NEWNLFN<CR>

WHERE OLDLFN IS THE OLD LOGICAL FILE NAME, NEWLFN
IS THE NEW LOGICAL FILE NAME, AND <CR> MEANS CARRIAGE
RETURN.,

7.3 USER INPUT

7«3.1 INTROOWCTION

INPUT IS HANDLEO WITH ODXRECTIVES AND OATA CARDS
ASSOCIATED THERENWITH, INPUY DATA ARE FREE FORMAT,
SEPARATED 8Y A COMMA OR BLANK(S). THERE ARE THREE TYPES
OF DATA EXPECTED AS INPUTS INTEGER, REAL AND ALPHABETIC,
INTEGER INPUT ANO REAL INPUT FOLLOW THE JSUAL FORTRAN
CONVENTIONS, I.E. INTEGER IS ENTERED WIT40UT A DECIMAL
POINT, REALS ARE ENTERED WITH A DECIMAL POINT (AND MAY
BE IN EXPONENTIAL FORM). ALPHABETICS ARE USED FOR
INPUTTING THE DIRECTIVES AND THE RELATIONS USED ToO
OEFINE THE FILTERS. THE DATA TYPES ARE INODOICATED IN THE
INPUT DESCRIPTIONS AS *I* FOR INTEGER, *R' FOR REAL, AND
'A' FOR ALPHABETIC,.

FILTERING IS PERFORMED ON THE NODAL COORDINATES.

ANY NODE WHICH HWAS COORDINATES MHICH DO NOT PASS THRU
THE USER DEFINED FILTERS ARE ELIMINATED.
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7.3.2 DIRECTIVES IN °OFLSIFT®

THE FOLLOWING DIRECTIVES ARE AVAILABLEZ?

PICTURE DEFINITION DEFINE THE EXTENT oF THE
PICTYWRE VO BE DRAHWN.

UNROLL UNROLL A SURFACE INTO 20
XYZ FILTER FILTER ELEMENTS PER COORDINATE
0ATA
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734201

OF YOUR
INTEREST.
DATA
NOTES TYPE
CARD
(1) A
(2) CARD
(3) R
R
R
R
NOTES?
1.
2.
3.

DEFINITION® DIRECTIVE

PICTURE DEFINITION

PICTURE OEFINITION ALLOWS YOU TO DEFINE THE LIMITS

DISPLAY AND HENCE *Z00M°* 1IN ON AN AREA OF
PICTURE DEFINITION IS A 2 CARD 3LO0CK.
VARIABLE
i
CARD *PICTURE DEFINITION®
2
XLL X COOROINATE OF THE LOMER
LEFT CORNER OF THE PICTURE
YLL Y COORDINATE OF THE LOMWER
LEFT CORNER OF THE PICTURE
XUR X COOROINATE OF THE UPPER
RIGHT CORNER of THE
PICTURE
YUR Y COOROINATE OF THE UPPER
RIGHT CORNER OF THE
PICTURE
START IN COLUMN 1. IT IS IMPORTANT TO INCLUDE
ONE AND ONLY ONE BLANK BETMEEN THE WORDS!
EACH ENTITY ON A CARD IS SEPARATED FROM THE
OTHERS BY EITHER A COMMA (,) OR A BLANK ( ).
IF THE *UNROLL" DIRECTIVE IS USED

SIMULTVANEOUSLY HITH *PICTURE DEFINITION®,
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SPECIFY THE PICTURE DEFINITION IN TERMS OF THE
UNROLLED STRUCTURAL DIMENSIONS., THUS, IF A
CYLINDER OF DIAMETER 10 IS UNROLLED ABOUY THE Vv
AXIS, THE RANGE OF X DIMENSIONS TO CONSIDER FOR
PICTURE DEFINITION IS FROM 0 TO 31.6415.

EXAMPLES EXCLUDE FROM THE DISPLAY ALL THOSE NODES
WHICH LIE OUTSIDE THE UNIT SQUARE.

SOLUTION: PROVIDE A PICTURE DEFINITION TO °DFLSIFT®
AS FOLLOWSS

PICTURE DEFINITION
0,0,1,1
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7.3.2+42 UNROLL

UNOLL PERMITS VYOU TOo DISPLAY A SURFACE IN 2
DIMENSIONS B8Y UNROLLING IT ABOUT AN AXIS. ODEFAULT IS
NOT UNROLL, THAT IS, IF THE UNROLL DIRECTIVE IS NOT
SELECTED, THE VIEW WILL BE A PROJECTED IMAGE. UNROLL IS
A TWO CARD OPTION.

DATA
NOTES TYPE VARIABLE

CARD 1
(1) A CARD SUNROLL
(2) L} CARD AXIS NAME OR NUMBER
CARD 2
(3) R X FIRST COORDINATE OF
UNROLLING CENTER
R Y SECOND COORDINATE OF
UNROLLINS CENTER
NOTES®

1. ENTER THE WORD 'UNROLL® BEGINNING IN COLUMN 1,

2. PERMISSIBLE AXIS NAMES ARE *'X*, fye, 07¢,
SYNONYNS ARE *1°¢, ?2°, AND *3°, RESPECTIVELY.
THE AXIS NAMES ARE SEPARATED FROM THE DIRECTIVE
BY A COMMA (,) OR ONE OR MORE BLANKS ().

3. THE COORDINATES OF UNROLLINSG CENTER ARE GIVEN

IN THE ORDER X-Y, Y-y, OR Z-Xy DEPENDOING ON THE
8XIS SPECIFIED ON CARD 1.
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EXAMPLES UNROLL A CYLINDER LOCATED AT THE ORIGIN
WITH ITS AXIS COINCIDENT WITH THE Z AXIS.

SOLUTIONS USE THE FOLLOWING INPUT?

UNROLL 2
0.0,0.0
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7e3.2.3 XYZ FILTER

XYZ FILTER PERMITS YOU TO EXCLUDE NODES FROM A
OISPLAY WHICH DO NOT LIE WITHIN A REGION SPECIFIED 8Y
COORDINATES OF THE GRIDPOINTS, X¥Z FILTER IS A THREE
CARO-TYPE SET. CARD 3 MAY BE REPEATED uUP TO 20 TIMES,
GIVING A MAXIMUM NUMBER OF DEFINABLE FILTERS OF 20.

DATA
NOTES TYPE VARIABLE

CARD 1
(1) A CARO *XYZ FILTER?'
CARD 2
(2) I NXTESTS NUMBER OF XYZ FILTER TESTS
(3 CARD 3.1
(u) I FLTRCRD NUMBER OF THE COOROINATE
TO BE FILTERED
(5) A XTSTREL RELATIONAL SPECIFICATION
R XTEST VALUE TO 8= USED IN THE
FILTER
NOTES?®

1. START IN COLUMN 1. IT IS IMPORTANT TO INCLUDE
ONE AND OMLY ONE BLANK BETWEEN THE WORDS!

2. THE MAXIMUM NUMBER OF FILTERS IS 20.

3. REPEAT CARDS IN THIS SET UNTIL ALL THE REQUIRED
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XYZ FILTER® OIRECVIVE

FILTERS HAVE BEEN DEFINED. EACH ENTITY ON A
CARD IS SEPARATED FROM THE OTHERS BY EITHER A
COMMA (,) OR A BLANK ( ).

L. ANY OF THE

FILTER.

COORDINATES MAY BE SP=CIFIED IN A

5. RELATIONS WHICH ARE TO BE USED IN THE FILTERS
ARE LIMITED T0 THE FOLLOWING VALID THWO
ALPHABETIC ENTRIES?

CHARACTER
EQ
GE
GV
LE
LT
NE

EXAMPLES PLOT

EQUALS

GREATER THAN OR EQUAL TOS
GREATER THANS

LESS THAN OR EQUAL TOS
LESS THANS

NOT EQUAL TO.

ONLY THOSE COORDINATES WHICH LIE

BETHEEN X COORDINATE 3.0 AND 15.0.

SOLUTIONS ESTABLISH A °*DFLSIFT®* FILTER AS FOLLOWSY

XYZ FILTER
2

3y6GE,3.0
3)Lty15.0
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7.4 EXECUTION

Telel FROM BATCHee« FIRST RUNZ2

JOBCARD,CM7 0000 .
CHARGE» YOUR,60B8BLYGOOK,

COH"E"T.-“"-“-“‘°‘"""'“"““‘“""""“

COMMENT. PRODUCE FILE <NEMIN>,

COMMENT ¢y mevmmcecvcccccccncrccracccrccccccccccncc=
ATTACH.“ABS,ID=CSPRQ
ATTACH,DATA,YOURDATA,ID=YOUR,

WaB8s.

UNLOAD,WABS,DATA.

COMMENT ¢ === =m=cececceccccanaceacanancacaseacaceax
COMMENT . ATTACH TAPEGL1, RESERVE PERM FILE
COMMENT . SPACE FOR OTHER FILES.

COMMENT s === =ceeemmcoeccmacaacaeccmccccaccaasaan
ATTACH,TAPEG61,YOURTAPEGLFROMSUBSTRCy IJ=YOUR.
REQUEST g MSXYZ,*PF,

REQUEST,MSDISP,*PF,

REQUEST,DATA, *PF,

COHHE"T..‘-----------------.--------------------

COMMENT ., EXECUTE °*OFLSIFT®, SAVE FILES

COMMENT  sevecccccccccccccnnccscccccocccccasccces
ATTACH,OFLSIFT,ID=CSPR.,

DFLSIFT,yyyNEWINS

CATALOGyNSXYZ,) YOURMSXYZARALYSISNAME, ID=YOUR,
CATALOGyMSDISP, YOURMSOISPANALYSISNAME, ID=YOUR.
CATALOG)DATA,YOURANALYSISNAMEPLOTDATA,ID=YOUR,
CATALOG,TAPEL11, YOURANALYSISNAMETAPEL11, I0=YOUR.

Tobo2 FROM BATCH.e+SUBSEQUENT RUNSS

JOBCARD,CM70000.
CHARGEy YOUR,6088LYGO00K.

co""E"T.--------‘-------------------------‘-----

COMMENT, ATTACH PERM FILES, REQUEST S®ACE FOR
COMMENT. <DATA>»

co""E“t.-------------O------------------------O-

ATVTACHyMSXYZ,YOURMSXYZANALYSISNAME,ID=YOUR.
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ATTACH,MSDISP,YOURMSOISPANALYSISNAME,ID=YOUR,
REQUES T,DATA,*PF,

COMMENT, EXECUTE °*DFLSIFT®*, SAVE FILES

COMMENT ¢ ~e=cemcoccncccenccccccacmesesccnnaanena=

ATTACH,OFLSIFT,ID=CSPR,
OFLSIFT,499NEWIN,
CATALOG)OATA,YOURANALYSISNAMEPLOTDATA,ID=YOUR,

T«4.3 FROM TTY

NOT POSSIBLE BECAUSE °*DFLSIFY® TAKES TOO MUCH CHM.

7.4.4 DEFAULT EXEGCUTE CARD

DFLSIFT, INPUTOUTPUT,INFILE,DATA,TAPEGL1, DUMMY ,MSOISP,
DUMMY ,MSXYZ,
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7.5 LIMITATIONS AND REMARKS

1.

2.

3.

LT

5e

6,

7.

LARGEST NUMERICAL MODELSt 2048 ELEMENTS AND 2048
NODES.

ELEMENY TYPES HANOLEDSs 8 (DOUBLY CURVEND SHELL
TRIANGLE) AND 20 (oouBLY CURVED SHELL
QUADRILATERAL) .

MACHINES COC 6000 SERIES.
CENTRAL MEMORYS 70000 WNORDS.
TIME ESTIMATES AB0UT 5 NODES PER CPU SECOND.

PROGRAM MAINTENANCER THE PROGRAM IS CURRENTLY
BEING MAINTAINED BY THE AUTHOR. SOURCE CODE IS
LOCATED IN THE UPOATE PRO3RAMN LIBRARY
CSROOFLSIFTPL, ID=CSRO. COMPILED ROUTINES ARE
IN THE PRELOAD LIBRARY CSROOFLSIFTPRE,y ID=CSRO,
ABSOLUTE (TASK LOADED) FILE IS OFLSIFT,I0=CSPR,
COPIES OF THE FILES ARE MAINTAINED ON DISK
ovar17.

PLACES FOR TIMPROVEMENTE *OFLSIFT® COULD BE

EXTENDED TO HANDLE ALL THE ELEMENT TYPES IN THE
*SUBSTRC®* LIBRARY,
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7«6 FILE STRUCTURE

THE KNOWLEDGE OF THE FILE STRUCTURE USED 8y
‘DFLSIFT? IS NOT NECESSARY FOR ITS USE., HOWEVER, THIS
KNOWLEDGE WOULD BE INVALUABLE TO SOMEONE WA0 WISHED TO
MODIFY THE PROGRAM. HENCE, THIS SECTION DESCRIBES THE
MASS STORAGE RANDOM ACCESS FILES USED 8Y *OFLSIFTS’,

7.6.1 MSXYZ

MSXYZ IS THE MASS STORAGE COORDINATES FILE,

7.6.1.1 MAIN INDEK

THE MAIN INOEX IS NAMED XMASTER ODIMENSIONED S WORDS

HORD ADDRESS TO¢

1 TOTNODS(2) - THE TOTAL NUMBER OF NODES AND ELEMENTS

2 XLISTYP(TOTNODS) - A LIST OF THE YYPE OF ELEMENT TO
WHICH THIS GRIDPOINTY BELONGS

3 XYZXTM(18,2) - A LIST OF THE EXTREME VALUES OF
COORODOINATES FOR THIS ANALYSIS. NOTE THAT AN ANALYSIS
WHICH USES SEVERAL KINDS OF ELEMENTS WILL PROBABLY
HAVE MIXED UP EXTREME VALUES.

b XYZNDX(2088) - THE SUBINDEX TO THE FILE

7e641.2 SUBINDEX

XYZNOX IS SET AS THE FILE SUBINOEX WITH A CALL TO
STINDX. EACH ENTRY IS A POINMTER TO THE COMPLETE SET OF
COORDINATES FOR THE GRIOPOINTS E.Gey XYZNOX(273) POINTS
TO ALL TVHE COORDINMATES ASSOCIATED WITH THE 273RD NODE
(SEQUENTIALLY) IN THE ENTIRE STRUCTURAL MODEL.
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7.6.2 NSDISP

MSOISP IS THE MASS STORAGE OISPLACEMENT FILE.

Te6e2e1 MAIN INDEX

THE MAIN INDEX TO THE FILE IS NAMED ODOMASTER
OIMENSIONED S WORDS.

WORO AOORESS TOS

1 DISPNDX(2048) - THE FILE SUBINDEX

2 DISPXTM(13,2) ~ THE EXTREME DISPLACEMENT VALUES.

3 DPLOTS(13) - THE ARRAY WNICH TELLS WHICH (IF ANY)
PLOTS ARE TO BE MADE.
IF DPLOTS(I) = 1, PLOT THIS DISPLACEMEZNT,
IF DPLOTS(I) = 0, DO NOT PLOT VTHIS DISPLACEMENT,.

4 TOTNODS(2) - THE TOTAL NUMBER OF NODES AND ELEMENTS

Tebe2e2 SUBINDEX

DISPNDX IS SEV BY A CALL TO STINDX. EACH CELL OF
DISPNDX IS A POINTER TO THE SET OF DISPLACEMENTS FOR A
NODE. THUS, FOR LIBRARY ELEMENMT TYPE 8 FOR EXAMPLE,
DISPNOX(456) POINTS TO A 9 * 1 ARRAY OF DISPLACEMENTS
FOR THE &56TH NODE (SEQUENTIALLY) IN THE ENTIRE
STRUCTURAL MODEL.
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7.7 REFERENCES

CCRM

*CONT® MANUAL
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CHAPTER 8

PROCEDURES?
CYBER CONTROL LANGUAGE
(CCL)
PROCEDURES FOR THE

fSUBSTRC* USER
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8.1 INTRODUCTION

THE CONTROL DATA CORPORATION NOS/BE CYBER CONTROL
LANGUAGE (ccuy ALLONWS YOU TO MANIPULATE CONTROL
STATEMENTS, AND WRITE CONTROL CARD *PROGRAMS", VARIOUS
VERBS

+» CAUSE CONTROL STATEMENTS TO BE SKIPPED OR PRCCESSED
CONDITIONALLY

o« PROCESS AND REPROCESS A GROUP OF CONTROL STATEMENTS
(I.E.s LOOPS)

« MANIPULATE CCL SYMBOLIC NAMES

o CONTROL PROCESSING OF DIFFERENT GROUPS OF CONTROL
CARDS (SUBROUTINES)

SEVERAL FUNCTIONS ARE PROVIDED FOR USE IN
EXPRESSIONS, 0NATA MAY BE IMBEODDED IN PROCEDURES, AND A
LIMITED ARITHMETIC CAPABILITY IS OFFERED.

CCL IS AN EXTREMELY POWERFUL TOOL FOR THE USER OF
COC COMPUTEPRPS. THE CAPABILITY AVAILABLE THRU THE USE OF
CCL IS CONSIDERABLE, AND INTVTERESTED READERS ARE DIRECTED
TO CHAPTER 5 OF {(NOS/BE} AND TO CDTNSRDC/CCL}.

THREE PROCEDURES HAVE BEEN WRITTEN WHICH SIMPLIFY
THE USE OF 9SUBSTRC* AND ITS AUXILIARY PROGRAMS. THESE
PROCEDURESt *CRUMBLE', ‘HOLD’, AND ‘RESTORE", ARE
DESCRIBZD IN THIS CHAPTEP,
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8.2 *CRuUMBLE’

‘CRUMBLE® IS A PROCEDURE USED IN CONJUNCTION WITH
THE PROGRAMS *DFLSIFT®* AND *STRSIFT*’, IV BREAKS THE
<0ATA> FILES PROOUCED BY THESE PROGRAMS INTO CONVENIENT
CHUNKS FOR VIEWING SPECIFIC DISPLACEMENTS OR STRESSES AT
A TEKTRONIX OISPLAY TERMINAL.

8.2.1 EXECUTION

ATTACH,PROCFIL,CCLLIB,ID=CSRO,
ATTACH,DATA,YOURDATAFROMDFLSIFTORELSEWHERE 4 I0=YOUR,
BEGINSCRUMBLE sPROCFIL.DATA,TAPESN=7,

EACH ENTRY IN THE “BEGIN’ STATEMENT IS EXPLAINED AS
FOLLOMWS?

e BEGIN - START THE PROCEDURE
« CRUMBLE - PROCEDURE NAME TO BE STARTED
e« PRICFIL = FILE ON WHICH THE PROCEDURE RESIDES

o« DATA - NAME OF FILE TO BE CRUMBLED (DEFAULT NAME!
DATA) .

o« TAPE - FIRST 4 CHARACTERS OF THE NAME OF EACH PIECE
OF THE CRUMBLED FILE., (DEFAULY NAMET TAPE), NOTE
THAT THE MAXIMUM NUMBER 0NOF CHARACTERS IN THIS NAME
IS 7.

o« N=7 - HOW MANY PIECES ARE ON THE FILE <DATA>
(DEFAULT NUMBERt 7)

AFTER THE EXECUTION OF THIS ‘BEGIN‘’, YOU WILL HAVE
THE FOLLOWING °*LOCAL®* FILES AT YOUR TERMINALS PROCFIL,
OATA, TAPEL, TAPE2, TAPE3, TAPEL, TAPES, TAPE6, TAPE7,
IF THE <DATA» FILE WAS INDEED PRODUCED BY *OFLSIFT®, THE
<TAPEI> WILL CONTAIN THE DISPLACEMENTS FOR DEGREE OF
FREEDOM I OF THE STRUCTURE. YOU MAY PROCESS THESE AS
YOU MISHe TYPICALLY, YOU MIGHT WANT TO DRAW CONTOURS
USING ONE OF THE CONTOUR PLOTTERS (EeGe,y °CONT?)
AVAILABLE ON THE SYSTEM,
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8.3 *HOLD®

*HOLD® MAS WRITTEN TO SIMPLIFY THE CATALOGING OF
RESTART FILES AND TO FACILITATE VTHE USE OF A UNIFORM
IDENTIFIZR FOR ALL THE FILES ASSOCIATED WITH A NONLINEAR
ANALYSIS.,

*SUBSTRC* USES THE FILES <TAPE2», <TAPE3>», <TAPEL>,
AND <TAPEB> FOR RESTARTING A NONLINEAR ANALYSIS, 1IT
ALSO PROOUCES <«TAPE61> CONTAINING THE DISPLACEMENT
VECTORy, AND <TAPEG2> AND <TAPE63> CONTAINING THE STPRESS
VALUES FOR FACH LOAD INCREMENT. ‘HOLD® PERMITS ALL OF
THESE FILES TO BE SAVED WITH A SIMILAR PERMANENT FILE
NAME FOR EASY IDENTIFICATION ANDO FOR SIMPLE PROCESSING
BY THE PROCFDURE *RESTART’. IT HANDLES ALL REQUESTS FOR
PERMANENT FILE SPACE, SO YOU NEED NOV MAKE ANY SEPARATE
REQUESTS FOR THIS.,

NOTE THAT THE DTNSRDC COC PERMANENT FILE SYSTEM
PERMITS UP TO FIVE °*CYCLES®* OF PERMANENT FILES WITH THE
SAME NAME. THUS, THE SAME *"HOLD®* STATEMENT IS USABLE A
MAXIMUM OF FIVE TIMES. FURTHERMORE, YOU SHOULD OBSERVE
THE SIZES OF THE FILES PROOUCED BY *SUBSTRC’ ANO STORE
THEM 1IN THE MOST ECONOMICAL PLACE WHEN THE ANALYSIS IS
COMPLETE, THIS MAY BF MAGNETIC TAPE OR PRIVATE
DISKPACK.

8.3.1 EXECUTION

*HOLD® IS EXECUTED AFTER THE ANALYSIS CF THE
MATHEMATICAL MNDEL BY °SUBSTRC®.

JOBy oo

CHARGE se v

ATTACH,NEWIN, YOURNEWINFILE,ID=YOUR,

ATTACH,SUBSTRC, ID=CSPR,

ATTACH,PROCFIL,CCLLIB,IN=CSRO,

SUBSTRCeNEWIN,

BEGIN,HOLD,PROCFIL,
TITLELESSTHAN32CHARACTERS,,ID=YOUR,
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EACH ENTRY IN THE *BEGIN® STATEMENT IS EXPLAINED AS
FOLLONSS

o« BEGIN - STARY THE PROCEOURE
o« HOLD - PROCEDURE NAME TO BE STARTED
e PROCFIL =~ FILE ON WHICH THE PROGCEDURE RESIDES

o TITLELESSTHAN32CHARACTERS - A SYRING OF UP TO 32
CHARACTERS DESCRIPTIVE OF THE ANALYSISe. ALL FILES
CATALOGED BY ‘HOLD® MILL HAVE THIS SYRING AS THE
PREFIX, AND TYHE STYRINGS *TAPE’ AND *XX* APPENOED AS
THE PERMANENT FILE NAME, 'XX* IN THIS CASE IS THE
NUMBER OF THE TAPE TO BE CATALOGEDt EITHER 2, 34 4,
8y 619 62, OR 63, FOR EXAMPLE, THE STATEMENT AS
MRITTEN ABOVE WOULD CATALOG THE FILES

TITLELESSTHAN3I2CHARACTERSTAPE?2
TITLELESSTHAN3I2CHARAGCTERSTAPES
TITLELESSTHAN3I2CHARACTERSTAPEL
TITLELESSTHAN32CHARAGTERSTAPES
TITLELESSTHAN32CHARACTERSTAPESG!
TITLELESSTHAN32CHARACTERSTAPE®2
TITLELESSTHAN32CHARACTERSTAPEG3

o« ID=YOUR ~ ENTER YOUR USER IDENTIFIER
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8. C*RESTART?

‘RESTART? WAS WRITTEN TO SIMPLIFY THE RESTART OF
NONLINEAR *SUBSTRC’ ANALYSES, AND TO FACILITATE THE USE
OF A UNIFORM IDENTIFIER FOR ALL OF THE FILES ASSOCIATED
WITH A NONLINEAR ANALYSIS, ‘RESTART* OBTAINS THE FILES
<TAPE2»y <TAPE3I>, <TAPEu> AND <TAPES> NECESSARY FOR
RESTARTING THE *SUBSTRC® ANALYSIS THROUGH THE EXECUTION
OF A SINGLE GONTROL CARD,

*RESTART* IS EXECUTED PRIOR T0 THE RESTART
ANALYSIS,

8.441 EXECUTION

JOByeeo

CHARGE oo

ATTACH,PROCFIL,CCLLIB,ID=CSRO.

BEGINsRESTART,PROCFIL,
TITLELESSTHAN32CHARACTERS,1D=YOUR,

ATTACH,IN, YOURRESTARTINPUT,ID=YOUR,

ATTACH,SUBSTRC, ID=CSPR,

SUSSTRC,IN,

EACH ENTRY IN THE *BEGIN’ STATEMENT IS EXPLAINED AS
FOLLOMSt

o BEGIN - START THE PROCEDURE
+ RESTARY - PROCEDURE NAME TO BE STARTED
o PROCFIL - FILE ON WHICH THE PROCEDURE RESIDES

o TITLELESSTHAN32CHARACTERS ~ A STRING OF UP TO 32
CHARACTERS DESCRIPTIVE OF THE ANALYSIS. THIS IS
MOST EASILY OBTAINED FROM THE EXECUTION OF THE
PROGENURE  *HOLD* AFTER AN EARLIER ANALYSIS STEP,
NOTE YHAT THIS STRING MUST MATCH THE NAMES OF SOME
PERMANENT FILES CATALOGED ON THE SYSTEM, FOR
EXAMPLE, THE STATEMENT ABOVE WOULD ATTEMPT TO
ATTACH THE FOLLOWING FILESS
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TITLELESSTHAN32CHARACTERSTAPE?2
TITLELESSTHAN32CHARACTERSTAPEZ
TITLELESSTHAN3I2CHARACTERSTAPEL
TITLELESSTHAN32CHARACTERSTAPES

o ID=YOUR = USER IDENTIFIER UNDER NWHICH THE FILES
HAVE BEEN CATALOGED. (OEFAULT ID$ CSRO)
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*REVISE"*

REVISE RESTART FILES
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9.1 INTRODUCTION

*REVISE® WAS WRITTEN TO PERMIT VYOU TO ALTER THE
NEXT INCREMENT OF PRESSURE LOADING AND TO CHANGE THE
DEGREE OF FREEDOM BEING MONITORED AS THE CONVERGENCE
CRITERION,

THE PROGRAM *SUBSTRC®’ SOLVES NON-LINEAR PROBLEMS IN
AN INCREMENTAL FASHION, YOU PROVIDE A SCHEDULE OF LOAD
FACTORS WHICH ARE APPLIED TO THE PREVIOUS LOAD FACTOR TO
PRODUCE A TOTAL LOAD STATE ON THE MATHEMATICAL MODEL.
ADOITIONALLY, THE OISPLACEMENT VECTOR FOR THE NEXT
INCREMENT OF LOAD IS "GUESSED™ 8Y LINEAR EXTRAPOLATION
TO ATTEMPT T3 REDUCE THE AMOUNT OF COMPUTING NECESSARY
TO ATTAIN CONVERGENCE. *REVISE’ IS A FAST WAY TO MODIFY
THE RESTART TAPE TO PRODUCE THE APPROPRIATE RESTART
CONDITION. THIS MAY BE NECESSARY, FOR EXAMPLE, WHEN
CONVERGZINCE IS NOT ATTAINED AT A LOAD STEP, AND YOU WISH
TO SUPPLY ONLY A FRACTION OF THE NEXT LOAD STEP, BEFORE
fREVISE® WAS WRITTEN, THE ENTIRE PREVIOUS ANALYSIS STEP
IN *SUBSTRC’ HAD TO BE RUN TO PRODUCE THE PROPER RESTART
TAPE,

CONVERGENCE TO AN EQUILIBRIUM POSITION AT SOME LOAD
LEVEL IS OETERMINED 8Y THE DIFFERENCE BETWEEN THE
ODISPLACEMENTS OF THE STRUCTURE AFTER ITERATION I AND
ITERATION I+1. THE MEASURE USED IS THE DISPLACEMENT OF
SOME USZR SPECIFIED NODE AND OEGREE OF FREEDOM (YOU
ESSENTIALLY SPECIFY THE DEGREE OF FREEDOM AT WHICH THE
INFINITY NORM OF THE DISPLACEMENTY VECTOR OCCURS? .
DURING DEFORMATION OF THE STRUCTURE, THE DEGREE OF
FREEDOM WHICH HAS THE LARGEST DISPLACMENTY MAY CHANGE DUE
TO THE ASSUMPTION OF ODIFFERENT MODE SHAPES BY THE
STRUCTURE. HENCE, IT MAY SOMETIMES BE NECESSARY FOR YOU
TO CHANGE THE DEGREE OF FREEDOM BEING MONITORED FROM
LOAD INCREMENT TO LOAD INCREMENT. *REVISE® PERMITS THIS
MOOIFICATIONy WHEREAS THE USE OF *SUBSTRC®* ALONE WOULD
NOT,

*REVISE® FITS INTO A NONLINEAR ANALYSIS AS FOLLOWSS

1. PREPARE INPUT DATA FOR *WABS°‘,

2. RUN *WABS?’, SAVE FILE <NEWIN>,

3. PRUN *SUBSTRC?, SAVE RESTART TAPES (SEE
PROCEDURES *HOLD® ANO °‘RESTART’, CHAPTER 8),
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ke EXAMINE °*SUBSTRC®* OUTPUT FOR CONVERGENCE.
IF ANALYSIS IS COMPLETE, STOP,
IF THE LOAD STEP MUST BE MODIFIED, OR THE
MONITORED NODE CHANGED, RUN ‘REVISE’, MODIFYING
THE LAST FILE WRITYEN BY *SUBSTRC®’ AS EITHER
<TAPE3> OR <TAPES>,
5 GO TO STEP 3,
REVISE® IS WRITTEN IN °RATIONAL FORTRAN?* (RATFOR)
AND IS MODULAR IN CONSTRUCTTION., IT MAY THUS BE EASILY
EXTENDED TO INCORPORATE OTHER FEATURES YOU MAY DESIRE,
REVISE® IS TOO LARGE TO RUN AS AN INTERACTIVE JOB

ON THE DTNSRDC COC6000 COMPUTERS, AND MUST BE RUN AS A
BATCH 408,

9.2 FILES

THE FOLLOWING FILES ARE USED BY *REVISE'S

INPUT USER INPUT,

ouTPUT USER MESSAGES

OLOTAP RESTART TAPE TO BE MODIFIED (EITHER
<TAPE3> OR <TAPES>)

NEWTAP MODIFIEOD RESTART TAPE

ZZIXXX SCRATCH FILE T0 TEMPORARILY STORE

SUBSTRUCTURE OISPLACEMENTS
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9.3 EXECUTION

9,3.,1 AS A BATCH J0OB

TO RUN °“REVISE’y ONE MAY EXECUTE THE FOLLOWING
CONTROL CARDS?

JOB,CM77000se.0

CHARGE» YOUR,GOBBLYGOOK,

ATTACH,OLOTAP, YOURRESTARTTAPE3ORS8,ID=YOUR,

ATTACHs INy YOURREVISEINPUTFILE,ID=YOUR,
ATTACH,REVISE, ID=CSPR,

REQUEST s NEWTAP, *PF,

REVISE, IN,

CATALOGy NEWTAP, YOURRESTARTTAPE3IORBREVISED,ID=YOUR,

9.3.2 INTERACTIVE

NOT POSSIBLE BECAUSE °*REVISE’ IS TOO LARGE.

9,3.,3 DOEFAULY EXECUTION

THE DEFAULT EXECUTION OF *REVISE* ISt

REVISEs INPUT 4 OUTPUT 4 OLOTAP 4NEWTAP,ZZZXX X
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9.4 UYSER INPUT

THE *RFVISFE® INPUT FILE IS MADE IN TWO PARTSSt PART
ONE DESCRIRES THE MODIFICATIONS NECESSARY TO <OLDTAP>,
AND PARY TW0Q IS COMPRISED OF THE INTERMEDIATE FILE
<NEWIM> PRODUCED B8Y °WABS?, THE TWO FILE PARTS ARE
SEPARATZD WTITH A 7/8/9 C#AROD,

9.,4.1 <INPUT> FILE, PART 1

INPUT DATA ARE FREE FORMAT, SEPARATFED 8y A COMMA OR
BLANK(S) . THERE ARE TWO TYPES OF DATA EXPECTED AS
INPUTE INTEGEP, AND REAL, AN INTEGER IS ENTZRED WITHOUT
A DECIMAL POINT, A REAL IS ENTERFD WITH OR WITHOUT A
DECIMAL POINT (AND MAY BE IN EXPONENTIAL FORM), THE
DATA TYPES ARE INDICATEOD IN THE INPUT DESCRIPTIONS AS
*I* FOR INTEGER, AND ‘R? FOR REAL.

DATA
NOTES TYPE VARTABLE

1) CARD 1.1
(2) R FACOLD PRESSURE FACTOR IN
PREVIOUS RUN
R FACNEW PRESSURE FACTOR T0 BE

APPLIED
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(3) CARD 1.2
(v) I NEWNOD NEW NODE NUMBER TO BE
MONITORED
I NEWDOF DEGREE OF FREEDGCM AT
*NEWNOD* TO BE MONITORED
CARD 1.3
(%} 77879 CARD
NOTES?
1. THIS CARD IS ALNWAYS REQUIRED.
2. *SUASTRC’ INCREASES THE LOADING ON THE
MATHEMATICAL MODEL IN INCREMENTS MWHICH ARE
OBTAINED FROM PREVIOUS PRESSURE LOADING
INCREMENTS, FOR EXAMPLE, ASSUME THE LOADING
SFQUENCE ON THE MODEL IS YO BE 1000, 2000s 3CCO

AND 4000 PSI. ASSUME FURTHER THAT THE INITIAL
PUN WILL BE MADE THRU 300C PSI, WITH A RESTART
TAPE THEN READY TO EXECUTE A LOAD STEP OF 4OCC.
THE INPUT ODATA TO *SUBSTRC® NECESSARY T0
PRODUCE THIS LOADING HISTORY REQUIRES THAT THE
INITIAL LOAD (1000 PSI) BE APPLIED 1IN THE
APPROPRIATE SUBSTRUCTURES THRU THE USE OF
FITHER DISTRIBUTED OR CONCENTRATED LOADS, AND
THE FOLLOWING INPUT PROVIDED IN THE ¢SUBSTRC?
LOADING HISTORY BLOCK (SEE CHAPTER 13)1

PROPORTIONAL INCREMENT
1.7
PROPORTIONAL INCREMENT
1.0
PROPORTIONAL INCREMENT
1.0
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<INPUT> FILE, PARY ¢

3.

be

5

LETTING *LOADI® INDICATE THE LOAD VALUE AT STEP
I AND *DELLOADI®* AS THE LOAD INCREMENT FROM
‘LOANI® TO *LOADI+1’, WE SHOW THAT *SUBSTFC®
USES VALUES OF *FACTO* TO INCREASE THE LOAD
LEVELS AS FOLLOWS?

LOAD1 = DELLOAD1 = 1000
LOAD2 = LOAD1 ¢ (FACTO*DELLOAD1)

= 100 ¢+ ¢ 1,0%1C00 )

= 20G0
DELLOAD2 = FACTO*DELLOADL = 1,3 * 1070 = 1000
LOAD3 = LOADZ ¢ DELLOADZ2 = 2dJuC + 10830 = 3500
DELLOAD3 = FACTO®DELLGCAD2 = 1,0 * 1000 = 10060
LOADY = LOAD3 ¢ DELLOAD3 = 3GCC ¢ 1000 = &COC

ASSUME NOW THAT TME ANALYSIS HAS PROCEEQED UP
THRU 3000 PSI AND THE RESTART TAPES ARE READY
FOR ANALYSIS AT 4000 PSI, WE DETYERMINE FROM AN
EXAMINATION oF THE STRUGTURAL BEHAVIOR,
HOWEVER, THAT WE WOULD RATHER PERFORM AN
ANALYSIS AT 350Cs THIS LOADING WOULD REQUIRE A
*FACTO® OF 0,5 RATHER THAN 1.,0% THUS, *FACOLD’
IS ENTERED AS 1.0y AND ‘FACNEW®’ IS ENTERED AS
0.50

THIS CARD IS OPTIONAL. IF IT IS NOT DESIRABLE
TO CHANGE THE MONITORED DEGREE OF FREEOOM, YOU
SHOULD OMIT THIS CAROD,

*NEWNOD’ MUST OCCUR IN THE FIRST SUBSTRUCTURE,

THE SYMBOL *7/8/9° MEANS THAT A 7, AN 8 AND A 9
ARE PUNCHED IN THF SAME CARD COLUMN (USING THE
MULTTPUNCH FEATURE OF THE KEYPUNCH MACHINF),
7/8/9 IS PUNCHED IN COLUMN 1 TO PROVIDE THE
NECESSARY <INPUT» FILE PART SEPARATOR,

IT IS PROBABLY EASIEST TO COMPOSE THE <INPUT>
FILE FROM AN INTERACTIVE TEPMINAL USING ONE OF
THE SYSTEM EDITORS. IF YOU USE *NETED’y THE
7/R/79 CARD IS REPRESENTED BY THE 3 CHARACTERS
‘EOF* TYPED BEGINNING IN COLUMN 1 NF A LINE,
IF YOU USE °*EDITOR® (NOT RECOMMENOED), THE
77879 GARD IS REPRESENTED BY THE 4 CHARACTERS
®EOF* TYPED BEGINNING IN COLUMN L OF A LINE,
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Q.4e2 <INPUT> FILEs PART 2

PART 2 OF THE <INPUT»
FIRST 9 CARDS OF THE

BE APPENDED TO
VALUES WHICH
ANALYSIS WITH

PART 1
APPEAR 1IN

(THAT ISt NOT?)
(WITH THE EXCEPTION

DESCRIPTION BELOMNW,

FILE
*WABS ¢ INTERMEDIATE FILE <NEWIN>,
USING ONE OF THE SYSTEM EDITORS,
OF THE <INPUT> FILE AND SAVED.
THE OUuTPUT OF
fSUBSTRC* SHOULD BE USED HERE.

WITH NO FURTHER EXPLANATION OF THESE O0ATA, HE
THE CONTENTS OF THESE CARODS,

FREE FORMAT.
OF THE FIRST CARD) ANO MUST 8t
ENTERED RIGHY JUSTIFIED IN THE FIELDS SPECIFIED.
THE DATA

IS COMPRISED OF THE

THESE CARDS MAY EASILY

THE PREVIOUS
BRIEFLY,
PRESENT
NOTE THAT THIS FILE IS NOT
ALL NUMBERS ARE INTEGERS

IN THE

TYPE NOW REFERS TO THE

COLUMNS WHICH THE DATA ARE TO OCCUPY,

DATA
NOTES TYPE VAPIABLE
CaARD 2.1
1-76 LABEL
CARD 2.2
1-10 MAXALL
11-15 I0OIM
16=210 IRDML
21-25 IRD2
26-30 INEW
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SIZE OF COMMON /SPACE/
GO/NOGO SWITCH

LENGTH OF INDEX FOR

<TAPE12>
LENGTH oF INDEX FOR
<TAPE1L>
FLAG FOR NEW ITERATIVE
PROCEDURE
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<INPUT>» FILE,

CARD

1=5
6-10
11-15

16=20

CARD

1-5

CARD

1-5

21-25

26-30

31-35

36-40

2.3
NELTYP
J1
Je2

J3

2eb

ISI

IRESIN

KINHRD

LOCCOR

2¢5
ICRT
MAXNP
MAXBW

MXPD

IELAS

IPRBLD

ITIEM

ISTYPM

PART 2
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NUMBER OF ELEMENT TYPES
ELEMENT TYPE 1
ELEMENT TypE 2

ELEMENT TYPE 3

FLAG FOR L ARGE
DISPLACEMENT ANALYSIS

NOT USED

FLAG FOR KINEMATIC
HARDENING

FLAG FOR LOAD CORRECTION

MATRIX SOLUTION FLAG
MAXIMUM NODAL CONNFCTIVITY
MAXIMUM NODAL BANDWIOTH/?2

NUMBFR OF IN=-STORE ROWS OF
STIFFNESS MATRIX

ELASTIC STORAGE FLAG

FLAG FOR BUILDING
SUBSTRUCTURE TAPE

NUMBER OF TIES

NUMBER OF TYPES OF TIES
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<INPUT> FILE,

L1=L5

46-50

CARD

1-5
6=-10
11-15
16-20
21-25
26-30
31-35

36=-40

L1-45

4h=5C

CARD

16-2¢

21-25

PARY 2

LONGTHM

NUMOTS

246
MESHR
IPLOT
IRSTRT
IELSTH
I10FV
IFULL
I0FF

IBUILD

ICUR

NEPJACH

27

NUMEL

NUMNP

NUMBC

NSTRES

DUMMY
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NUMBER OF
PLUS 1

PETAINED NODES

NUMBER oF TYPES OF
DISTRIBUTED LOADS

INPUT TAPE NUMBER
NOT USED

NOT USED

ELEMENT STORAGE FLAG
DEBUGGING SWITCH

NOT USED

STRESS PRINTOUT FLAG

BUILD SURSTRUCTURE TAPE
FLAG
BUILDO SUBSTRUCTURE TAPE
FLAG

DEBUGGING SWITCH

MAXIMUM ELEMENTS IN A
SU3STRUCTURE
MAX IMUM NODES IN A
SU3STRUCTURS
MAX IMUM BCUNDARY
CONDITIONS IN A

SUBSTRUCTUR®
STRESS LOCATION FLAG

NOT USED
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26=30 NBCTMX MAXIMUM BOUNDARY CONDITION
TRANSFORMATIONS IN A
SUBSTRUCTURE

31-35 MPTPMX MAXIMUM TRANSFORMATIONS IN

A SUBSTRUCTURE

CAR3 2,8
1-% MPRMAX MAXTIMUM PRESSURE LOADS IN
A SUBSTRUCTURE
6-10 NPTMAX MAXTMUM INTERNAL NQDES IN
A SUBSTRUCTURE
11-15 NPBMAX MAXIMUM NODES ON A
SUBSTRUCTURE ENGE
16=-20 NUMMA X MAXIMUM NODES IN A
SUBSTRUCTURE
21=-25 NSTCON NUMBER OF SUBSTRUCTURES
26-30 NTPBO TOTAL NODES ON EDGFS
31-35 NNIMIN MINIMUM NUMBER OF INTERNAL
NODES IN A SUBSTRUCTURE
36=-40 MAXBWO MAXIMUM HALF-BANDWIDTH OF
INTERSUBSTRUCTURE
CONNECTIVITY
41=45 IsusxpP MATRIX SOLUTION FLAG
46-50 ITEN NOT USED
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CARD

9.5 LIMI

Lle

2

3.

S

2.9
MASTRS MATRIX SOLUYION FLAG
LASTRS SUBSTRUCTURE RESTART FLAG
Q NUMBER OF RESTART TAPE
0 NUMBER OF RFSTARY TAPE
IPPOVY MATRIX SOLUTION FLAG
ISUBPR | PRINT SUPPRESSION FLAG
JELL NONLINEAR SOLUTION FLAG
TATIONS AND REMARKS

IT WOoULD BE INSTRUCTIVE TO READ THE ‘REVISE’
PROGRAM TO APPRECIATE THE ‘SUBSTRC’ RESTART
FILE STRUCTURE.

MINIMUM FIELD LENGTH TO EXECUTE *REVISE’t
APPROXIMATELY 65000 WORDS,

MACHINSSs CDC 60C0
TIME ESTIMATE: 0.1 SECONO PER ELEMENT

PROGRAM MAINTENANCFt ‘REVISE’ IS WRITTEN IN
PATIONAL FORTRAN AND IS MAINTAINED RY THE
AUTHOR, THE SOURCE CODE IS LOCATED IN THE
UPDATE LIBRARY REVISEPL ,LID=CSRO. THE
RELOCATABLE LIBRARY IS LOCATED IN THE EDITLIB
LIRRARY REVISELIR ,LID=CSRO. THE UPDATE
LIBRARY, THE EODITLI8S LIBRARY, AND THE AEBSOLUTE
EXEZUTABLE CODE IS ALSO MAINTAINED ON THE
PRIVATE DISK DV&717 AT THE DTYNSROC CDC 6400,
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CHAPTER 10

SSHELLX?

PRODUCE SHELL ELEMENT

COORDINATES
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SHELLX
INTROOUCTION

1041 INTRODUCTION

*SHELLX® WAS WRITTEN TO ASSISYT IN THE PREPARATION
OF COORDINATE DATA FOR THE ISOPARAMETRIC SHELL ELEMENTS
IN THE *MARC®* PROGRAMS. THE GEOMETRIC DEFINITVION AND
THE OISPLACEMENT FUNCTION FOR SHELL ELEMENTS 8 (DUPUIS
TRIANGLED AND 20 (JONES QUADRILATERAL) ARE WRITTEN 1IN
TERMS OF TWO COORDINATES WHICH MEASURE SOME PARAMETER
INTRINSIC TO THE SURFACE, THREE COORDINATES WHICH DEFINE
THE POSITION OF THE NODE 1IN SPACE, AND SIX OTHER
COORDINATES WHICH DESCRIBE THE GEOMETRY OF THE SHELL
SURFACE IN TERMS OF DERIVATIVES. THERE ARE THEREFOPE A
TOTAL OF ELEVEN COOROINATES REQUIRED FOR EACH SHELL
NODEs BECAUSE OF THE RATHER LARGE NUMBER OF COOROINATES
REQUIRED FOP THESE ELEMENYS *SHELLX’ SHORTENS THE TIME
NECESSARY T0 PREPARE THIS DATA AND ENSURES THAT IT IS
EXPRESSED IN THE PROPER TERMS,

PSHELLX? IS WRITTEN IN *RATIONAL FORTRAN® (RATFOR)
AND IS MODULAR IN CONSTRUCTION. 1IT IS QUITE EASY 1O
MODIFY, SHOULD ADDITIONAL SURFACE REPRESENTATIONS BE
REQUIRED IN THE FUTURE.

PSHELLX? WAS DESIGNED TO BE RUN FROM AN INTERACTIVE
TERMINAL TIN A *REMOTE BATCH’ MODE, BUT IT WILL ALSO RUN
AS A BATCH J0B8, TINPUT DATA ARE, FOR THE MOST PART, FPEE
FORMAT,
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SHELLX
FILES

1.2 FILES

THE FOLLOWING FILES ARE USED BY *SHELLX'S

A USER INPUT., THIS FILE IS NOT REWOUND.

B CONTAINS THE 11 COORDINATES NEEODED FOR
EACH NODE. REWOUND BEFORE AND AFTER
EXECUTION,

OUTPUT PRINTED OUTPUT

10.3 USER INPUT

INPUT IS HANODLED WITH DIRECTIVES AND DATA CARDS
ASSOCIATED THEREWITH, INPUT DATA ARE FREE FORMAT,
SEPARATZD BY A COMMA OR BLANK(S). THERE ARE THREE TYPES
Of DATA EXPECVED AS INPUTt INTEGER, REAL AND ALPHABETIC,
AN INTEGER IS ENTERED WITHOUT A DECIMAL POINT, A REAL IS
ENTERED WITH OR WITHOUT A DECIMAL POINT (AND MAY BE IN
EXPONENTIAL FORM). ALPHABETICS ARE USED FOR INPUTTING
THE DIRECTIVES. THE OATA TYPES ARE INDICATED IN THE
INPUT DESCRIPTIONS AS *I°* FOR INTEGER, 'R’ FOR REAL, AND
*A* FOR ALPHABETIC,

INPUT DATA ARE THE LEAST POSSIBLE REQUIRED TO
COMPLETELY DOEFINE THE SURFACE. NOTE, HOWEVER, THAT A
BLANK IS NOT THE SAME AS A ZERO!

1031 FORMAT OF THE FILE <A>

THE INPUT FILE <A> CONTAINS DIRECTIVES AND INPUT
DATA IN THIS ORDER?®

1. THE *0OLD* DIRECTIVE, IF OESIRED. OTHERWISE,
OMIT THIS CARD.

2o THE *ORIGIN®’ DIRECTIVE AND ITS ASSOCIATED DATA,
IF THE ORIGIN OF YOUR SURFACE COINCIDES WITH
THF GLOBAL ORIGIN, OMIT THIS SET OF DATA
COMPLETELY.
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SHELLX

USER INPYY - FORMAT OF <A>

3. ONE OF THE SURFACE MAPPING DIRECTIVES, FOLLOWED
BY ITS ASSOCIATED DATA CAROS,

e AN END-OF-RECORD (77879 CARD) TO CONCLUDE THE

DAYA

10.3.2 ODIRECTIVES

THE FOLLOWING DIRECTIVES ARE AVAILABLE IN ‘SHELLX?*S

AXISYM

CPLATE

CYLINDER

GENERALCYL

MODESHAPE

oLD

ORIGIN

PPLATE

TIRUS

ZOFXY

MAP COORDINATES T0 AN
AXISYMMETRIC SURFACE

MAP COORDINATES 70 A PLATE
DESCRIBFOD IN A CARTESIAN
(RECTANGULAR) COORDINATE SYSTEM

MAP COORDINATES YO A CIRCULAR
CYLINDER

MAP COORDINATES TO A CYLINDER
OF GENFRAL CROSS SECTION

MAP COORDINATES TO AN
SBUT-OF=-ROUND CYLINDER

PRODUCE FILE <B8> IN THE r*OLD’
FORMAT,

SET THE ORIGIN oF THE
COORDINATE SYSTEM OTHER THAN
0s043,

MAP COORDINATES T0 A PLATE
USING A POLAR COORDINATE SYSTEM

MAP COORDINATES TO A TORUS

MAP COORDINATES T0 A SURFACE
GIVEN IN THE FORM Z=Z(X,Y)
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SHELLX
THE *0LD°* DIRECTIVE

1033 THE OLD DIRECTIVE

THERE ARE 2 FORMATS AVAILABLE FOR OUTPUT FPOM
*SHELLX®, THE *NFW® FORMAT IS COMPATIBLE WITH THE
PREPROCESSING PROGRAM *WABS®, AND HAS THE FORTRAN FORMAT
(IS47F10.5/LF1N,5), THE ‘OLD* FORMAT, WHICH IS
COMPATIBLE WITH THE INTERMEDIATE FILE <NEWIN>», HAS THE
FORTRAN FORMAT (IS,6F10.5/5F10.5)s THE ODEFAULT FORMAY
IS *NEW®y AND IS AUTOMATICALLY PROVIDED. IF YOU WISH
DATA IN THE °0LD* FORMAT, (WHICH IS THEREFORE COMPATIBLE
WITH *MARCCOC* AND *TRAINS?), YOU MUST INPUT THE °OLD*
DIRECTIVE AS THE FIRST CARD ON FILE <A>, OTHERWISE,
OMIT IT ENTIRELY.

THIS IS A ONE CARD DATA BLOCK.

DATA

NOTES TYPE VAFIABLE

CARD 1
(1) A WOR)D 0LD?
NOTESS

1« BRBEGIN THE ENTRY OF THIS OIRECTIVE IN COLUMN 1.
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SHELLX
THE *ORIGIN’ OIRECTIVE

10.3.4 THE ORIGIN DIRECTIVE

IT IS NOT ALWAYS CONVENIENT TO OESCRIBE THE
GEOMETRY OF A SURFACE IN TERMS OF A GLOBAL COORDINATE
SYSTEMe IT MAY BE MORE CONVENIENT TO DESCRIBE SURFACE
GEOMETRY IN A LOCAL SYSYEM AND THEN TRANSLATE AND ROTATE
THE LOCALLY DEZFINED COORDINATES INTO THE GLOBAL SYSTEM,
THE ‘ORIGIN® DOIRECTIVE PERMITS THIS RE-ORIENTATION
THROUGH THE DEFINITION OF 3 POINTS IN THE LOCAL SYSTEM.
POINT PO IS THF LOCAL ORIGIN, POINT P1 IS A POINT ON THE
LOCAL X=-AXISs AND POINT P2 IS A POINT IN THE LOCAL X-Y
PLANE.

IF MO PEORIENTATION OF YOUR SURFACE IS DESIRSD, YOU
#AY OMIT THIS ENTIRE SECTION,

THERE ARE A TOTAL OF 4 CARDOS IN THIS DATA BLOCK.

DaTA
NOTES TYPE VARIABLE

CAR) 1
(1) A WOROD *ORIGIN'
2) CARDY 2,1
(3) R X0 X COORDINATE OF PO (LOCAL
ORIGIN)
R Yo Y COORDINATE OF PO
R Z0 Z COORDINATE OF PO
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SHELLX

THE ®ORIGIN’ DIRECTIVE

2) CARD

(s) R

2) CARD

(5) R

NOTES?S
1.

2.

3.

be

S5e

202
X1 THE X COORDINATE OF POINT
P1 (ON THE LOCAL X AXIS)
Vi THE Y COORDINATE OF P1
1 THE Z COORDINATE OF P1
2¢3
X2 THE X COORDINATE OF P2 (A
POINT 1IN THE LOCAL X-Y
PLANE)
Y2 TYHE Y COORDINATE OF P2
Z2 THE Z COORDINATE OF P2
BEGIN THZ ENTRY OF THIS DIRECTIVE IN COLUMN 1.

PUT 3 NUMBERS ON THIS CARDe A BLANK IS NOT THE
SAME AS A ZERO?

THESE 3 COORDINAVES DEFINING POINT PO ARE USED
TO FORM THE OFFSET VECTOR (OFFSET)} OF THE LOCAL
SYSTEM FROM THE GLOBAL ORIGIN,

THESE 3 COORDINATES DEFINING POINT P1 ARE USED
TO DOETERMINE A UNIT VECTOR (vX} IN THE
DIRECTION OF THE LOCAL X-AXIS. POINT P1 MUST
THEREFORE NOT BE COINCIDENY WITH THE LOCAL
ORIGIN (POY.

THESE 3 COORDINATES DEFINING P2 ARE USED TO
OETERMINE A UNIY VECTOR (VY) LYING IN THE LOCAL
X=¥Y PLANE, (VX} IS THEN CROSSED WITH {(VY} TO
PRODUCE {(VZ) NORMAL TO THE X-Y PLANE, FINALLY,
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SHELLX
THE *ORIGIN’ DIRECTIVE

(VZ} IS CROSSED WITH (VX} TO (REIPRODUCE {(VY)},
THIS ENSURES A MUTUALLY ORTHOGONAL TRIAD OF
UNIT VECTORS (AND HENCE, DIRECTION COSINES) TO
BE USED TO ROTATE THE LOCAL SURFACE INTO GLOBAL
COORDINATES,
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SHELLX
SURFACE MAPPING OIRECTIVE °*AXISYM'

10e344e1 MAPPING DIRECTIVE ‘AXISYM?

THIS DIRECTIVE MAPS THE INPUT COORDINATES TO

AXISYMMEZTRIC SURFACE AS SHOWN IN FIGURZ 13.1,

$>3

Figure 10.1 ~ Axisymmetric Shell

CAUTION!?

THIS MAPPING IS NOT
SURFACE MEASURING!?

AN

WHEM THE COORDINATES PROVIDEDO FOR ELEMENTS 8 AND 20
APE DISTANCE MFASURING COORDINATES AND ARE ORTHOGONAL IN

THE SHELL MIDOLE SURFACE, THFN THE COMPONENTS OF

PRODUCED B8Y THE ANALYSIS PROGRAM *SUASTRC®
PHYSICAL STRAIN COMPONENTS, THESE STRAINS

STRAIN
ARE THE
BE

COMPARED WITH, SAY, STRAIN GAGE DATA, ON THE OTHER

HANDy IF TYHE COORDINATES ARE NOT SURFACE
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SHELLX
SURFACE MAPPING DIRECTIVE *AXISYM®

MEASURING BUT ARE SOME OTHER PARAMETER (E.G.s RADIANS),
THEN THE ANALYSIS PROGRAM PRODUCES THE COVARIANT
COMPONENT OF STRAIN. 1IN ORDER TO COMPARE THIS QUANTITY
WITH DIRECT STRAIN MEASUREMENT, THE COVARIANT C OMPONENTS
MUST BE CONVERTED TO DIRECT STRAIN MEASURE THROUGH THE
USE OF THE METRICS OF THE SURFACE. A DISCUSSION OF
CONVERTING COVARIANT STRAIN COMPONENTS TO PHYSICAL
COMPONENTS IS CONTAINED IN (FUNG}.,

DATA
NOTES TYPE VARIARLE

CARD 1.1
(1) A WORD TAXISYM?
(23 CARD 1.2
I NODE GRIDPOINT NUMBER
R ANGLE THETA, DEGREES
R ANGLE PHI+ DEGREES
R RADIUS R
R DERPIVATIVE D(R) /D(PHI)
NOTES?

1+ BEGIN THE ENTRY OF THIS DIRECTIVE IN COLUMN 1§,

2+ CARDS 1.2 ARE TO BE REPEATED UNTIL THE ENTIRE
SET OF COORDINATES TO BE MAPPED IS OBTAINEOD.
NOTE THAT EACH ENTRY ON A CARD BECOMES THE
DEFAULT VALUE FOR SUBSEQUENT CARDS UNTIL RESET.
THUS, YOU MAY ENTER FIVE VALUES ON THE FIPST
CAP3 OF A SET, AND FEWER ON FOLLOWING CAPRPQDS
UNTTL THESE OTHER VALUES NEED TO BE RESEY. FOP
EXAMPLE 8
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SHELLX
SURFACE MAPPING

NOVIEWN M

THIS SET OF DATA
OD(R) /D (PHI) =
0, AND NODES 6 THROUGH 7 WITH R

R =

10.

DIRECTIVE °*AXISYM®

0 0 1€.0 0.06
ico

20 0

0 10

10 10

20 20 15.0

30 20

WOULD

0.06, NODES
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SHELLX
SURFACE MAPPING OIRECTIVE °CPLATE’

10.3.4,2 MAPPING DIRECTIVE ‘CPLATE"

THIS OIRECTIVE MAPS COORDINATES TO A FLAT PLATE 1IN
A RECTANGULAR CARTESIAN COOROINATE SYSTEM, THE OEFAULT
PLATE LOCATION IS THE GLOBAL X=-Y PLANE, THIS MAPPING IS
A SURFACE MEASURING MAPPING,

DATA

NOTES TYPE VAPIABLE

CARD 1.1
(1) A WOPD *CPLATE?"
(2} CARD 1.2
I NODE GRIDPOINT NUMBER
R X X COORDOINATE OF THE NOOE
R Y Y COORDINATE OF THE NODE
NOTES?

1. BEGIN THE ENTRY OF VHIS DIRECTIVE IN COLUMN 1,

2« CAPDS 1.2 ARE TO BE REPEATED UNTIL THE ENTIRE
SET OF COORDINATES TO Bt MAPPED IS OBTAINEO.
NOTE THAT EACH ENTRY ON A CARND BECOMES THE
DEFAULT VALUE FOR SUBSEQUENT CARDS UNTIL RESET.
THUS, YOU MAY ENTER THREE VALUES ON THE FIRST
CARD OF A SET, AND FEWER ON FOLLOWING CARDS
UNTIL THESE OTHER VALUES NEED TO BE RESET. FOR
EXAMPLE S
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SHELLX
SURFACS MAPPING DIRECTIVE *CPLATE’

00
10
20
0 10
10
20
30

NOYW E NN -

THIS SET OF DATA WOULD MAP NODES L, 2o AND 3 TO
THE POINTS (0,0), (10,0), AND (2G,0)
RESPECTIVELY. SIMILARLY, NODES & THROUGH 7
WOULO BE MAPPED TO (0,10, (10,170, (20,101,
AND (30,10},
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SHELLX
SUPFACE MAPPING DIRECTIVE *CYLINDER'

10¢3¢4e3 MAPPING DIRECTIVE °*CYLINDER®

THIS DIRECTIVE MAPS COORDINATES TO A CIRCULAR
CYLIMDER. REFER TO FIGURE 10,2,

X2

X3

Figure 10.2 - Circular Cylinder
THIS MAPPING IS A SURFACE MEASURING MAPPING,

DATA
NOTES TYPE VAPIABLF

CARD 1.1

(1) A WORD *CYLINDER
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SHELLX

SURFACE MAPPING DIRECTIVE *CYLINDER®

(2) CARD

NOTES?

2.

1.2
NODE GRIPOINT NUMBER
ANGLF ANGULAR COORDINATE OF NODE
(DEGREES)
Z LONGITUDINAL COOROINATE
RADTIUS CYLINDRICAL RADIUS
BEGIN THE ENTRY OF THIS DIRECTIVE IN COLUMN 1.

CARDS 1.2 ARE TO BE REPEATED UNTIL THE ENTIRE
SET OF COORDINATES TO BE MAPPED IS OBTAINED.
NOTE THAT EACH ENTRY ON A CARD BECOMES THE
DEFAULT VALUE FOR SUBSEQUENT CARDS UNTIL RESET.
THUS, YOU MAY ENTER FOUR VALUES ON THE FIRST
CARD OF A SET, AND FEWER ON FOLLONING CARDS
UNTIL THESE OTHER VALUES NEED TO BE RESET, FOR
EXAMPLE S
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SHELLX

SURFACE MAPPING DIRECTIVE *CYLINDER®

00 16,0
10

20

0 10

10

20

30

NPV WN

YHIS SET OF DATA MOULD MAP ALL NODES WITH A
RADIUS = 10.0, NODES 1+ 2y AND 3 WOULD BE
MAPPED WITH Z = 0.0, AND NODES & THROUGH 7
WOULD BE MAPPED WITH Z = 10,0,
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SHELLX
SURFACE MAPPING DIRECTIVE *GENERALCYL®

10¢3ekes MAPPING DIRECTIVE *GENERALCYL’

THIS OIRECTIVE MAPS COORODINATES TO0 A
GENERAL CROSS SECTION. SEE FIGURE 10.3.

7

X2

“//// —— X
X3

Figure 10.3 - General Cylinder

THIS MAPPING IS A SURFACE MEASURING MAPPING,

DATA
NOTES TYPE VARPIABLF

CARD 1.1

(1) A WORD "GENERALCYL?
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SHELLX

SURFACE MAPPING DIRECTIVE °*GENERALCYL®

(2) CAaRD

NOTES?S
i.

2,

1.2
NODE GRIDPOINT NUMBER
S MERIDIONAL ARC LENGTH
4 LONGITUDINAL COORDINATE
X X COORDINATE OF NODE
Y Y COORDINATE OF NOOE
DERIVATIVE 0x/0S
DEPIVATIVE oy/0S
BEGIN VTHE ENTRY OF THIS DIRECTIVE IN COLUMN 1.

CARDS 1.2 ARE TO BE REPEATED UNTIL THE ENTIRE
SET OF COORDINATES T0 BE MAPPED IS OBTAINED,.
NOTE THAT EACH ENTRY ON A CARD BECOMES THE
DEFAULT VALUE FOR SUBSEQUENT CAROS UNTIL RESET,.
THUS, YOU MAY ENTER SEVEN VALUES ON THE FIRST
CAPD OF A SET, AND FEWER ON FOLLOWING CAPODS
UNTIL THESE OTHER VALUES NEED TO BE RESET. FOR
EXAMPLE 8

10 00CO0CO0C0O

20 0 5.°C

30 0 10,0
THIS SFT OF DATA WOULD MAP NODES 10, 20+ ANO 30
TO THE LOCATIONS OF *Z2° = 0+ 5+ AND 10,
PESPECTIVELY.
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SHELLX
SURFACE MAPPING OIRECYIVE °*MOOESHAPE®

1034445 MAPPING DIRECTIVE *MODESHAPE'

THIS DIRECTIVE MAPS COORDINATES TO A CYLINDER WHOSE
CROSS SECTION IS DEFINED BY A COSINE FUNCTION?

R =R’ - DEL * COS ( N * THETA )

WHERFE:

P = RADIUS TO THE NOOE

R* = THE MEAN RADIUS OF THE CYLINDER

DEL = AMPLITUDE OF THE IMPOSED MODE SHAPE
N = NUMBER OF CIRCUMFERENTTIAL WAVES

THETA = ANGULAR COORDINATE OF THE NODE

THIS MAPPING IS AN EXTENSION OF THE “CYLINOER’
MAPPINGy AND IS A SURFACE MEASURING mAPPING.

DATA
NOTES TYPE VAPIASLE

CARD 1.1
(1) A WOPD *MODESHAPE?
(2) CARD 1.2
I NODE GRIDPOINT NUMBER
R ANGLF ANGULAR COORDINATE CF NODE
(DEGREES)
R Zz LONGITUDINAL COORDINATE
R pe MFAN RADIUS o013 THE
CYLINDER
R OEL AMPLITUOE oF THE MODE
SHAPE
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SHELLX
SURFACE MAPPING DIRECTIVE °MODESHAPE®

(3 I N NUMBER OF WAVES

NOTES?

1. BEGIN THE ENTRY OF THIS DIRECTIVE IN COLUMN 1.

2. CAPDS 1.2 ARE TO BE REPEATED UNTIL THE ENTIRE
SET OF COORDINATES Tno BE MAPPED IS OBTAINED.
NOTZ THAT EACH ENTRY ON A CARD BECOMES THE
DEFAULT VALUE FOR SUBSEQUENT CARDS UNTIL RESET,
THUS, YOU MAY ENTER FIVE VALUES ON THE FIPST
CARD OF A SET, AND FEWER ON FOLLOWING CARDS
UNTIL THESE OTHER VALUES NEED TO BE RESEVTe. FOR
EXAMPLE ®

1 00 1€0.0 0.C1 3
3 10
5 20
2 0 20.C
L 10
6 20

THIS SET OF DATA WOULD MAP ALL NODES TO A
CYLINDER OF MEAN RADIUS R* = 100.0, AN
AMPLITUDE OF MOQOE SHAPE = 0.5, AND A MODE
SHAPE = 3, NODES 1, 3+ AND 5 AREZ MAPPED WITH A
z 0y AND NODES 24 4 AND 6 ARE MAPPED HWITH A
z 20

3, RECAUSE C*SHELLX* READS INPUT IN FREE FORMAT, IT
TREATS ALL ENTITIES FOLLOWING THE NODE NUMBER
AS REALS, THUS, °N* AS USED IN THE PROGRAM IS
TREATED AS A REAL. IT IS THEREFORE POSSIBLE TO
INPUT *N’ WITH A FRACTIONAL PARTS? THE MEANING
OF THIS KIND OF INPUT IS NOT CLEAR, HOWEVER.




SHELLX
SURFACE MAPPING ODIRECTIVE *PPLATE’

10¢3¢5¢b6 MAPPING DIRECTIVE C‘PPLATE’

THIS ODIRECTIVE MAPS COORDINATES T0 A PLATE
DESCRIBED IN POLAR COORDINATES. THE LOCATION OF THE
PLANE OF THE PLATE IS SPECIFIED BY THE THIRD COORDINATE.

CAUTTION?

THIS MAPPING IS NOT
SURFACE MFASURING!

WHEN THE COORDINATES PROVIDED FOR ELEMENTS 8 AND 2¢C
ARE DISTANCE MEASURING COORDINATES AND ARE ORTHOGCNAL IN
THE SHELL MIDOLE SURFACE, THEN THE COMPONENTS OF STRAIN
PRODUCED B8Y TYHE ANALYSIS PROGRAM *SUBSTRC® ARE THE
PHYSICAL STRATN COMPONENTS. THESE STRAINS CAN BE
COMPARED WITH, SAY, STRAIN GAGE DATA. ON THE OTHER
HANCy, IF THE CCORDINATES ARE NOT SURFACE ODISTANCE
MEASURING BUT ARE SOME OTHER PARAMETER (E,G.s RACIANS),
THEN THE ANALYSIS PROGRAM PRODUCES THE COVARIANT
COMPONENTY OF STRAIN. 1IN ORDER TO COMPARF THIS QUANTITY
WITH OIRECT STRAIN MEASUREMENT, THE COVARIANT COMPONENTS
MUST BE CONVERTED TO DIRECT STRAIN MEASURE THROUGH THE
USE OF THE METRICS OF THEZ SURFACF, A DISCUSSION OF
CONVERTING COVARIANT STRAIN COMPONENTS TO PHYSICAL
COMPONENTS IS CONTAINED IN C(FUNG}.
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SHELLX
SURFACE M

DATA
NOTES TYPE

CARD

1 A

2) CARD

NOTES?
1.

2.

APPING DIRECTIVE °PPLATE’

VARIABLE
1.1
WORD *PPLATE
1.2
NODZ GRIDPOINT NUMBER
ANGLE ANGULAR COORDINATE OF NODE
(DEGREES)
RADIUS RADIAL COORDINATE OF THE
NODF
z LOCATION OF THE PLANE OF

THE PLATE (DEFAULT = C)

BEGIN THE FNTRY OF THIS DIRECTIVE IN COLUMN 1.

CAPDS 1.2 ARE TO BE REPEATED UNTIL THE ENTIRE
SET OF COORNINATES TO BE MAPPED IS OBTAINED.
NOTSE THAT FEACH ENTRY ON A CARD BECOMES THE
DEFAULT VALUE FOR SUBSFQUENT CARDS UNTIL RESET.
THUS, YOU MAY ENTER FOUR VALUES ON THE FIPST
CAPD OF A SET, AND FEWER ON FOLLOWING CARDS
UNTIL THESE OTHER VALUES NEED TO BE RESETe FOR
EXAMPLE ¢

1 05 10.0
2 10

3 20

L 0 10

5 1¢C

6 20

7 30
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SHELLX
SURFACE

MAPPING DIRECTIVE °PPLATE'

THIS SET OF DATA WOULD MAP ALL NODES TO PLATE
LOCATED AT Z = 10,0, NODES 1 THROUGH 3 WOULD
BE MAPPED WITH A RADIUS R = 5,0, AND NCOES &
THROUGH 7 HWOULD BE MAPPED WITH A RADIUS
R = 10.0.
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SHELLX
SURFACE MAPPING OIRECTIVE *TORUS®

10e3¢%s7 MAPPING OIRECTIVE °*TORPUS’

THIS OIRECTIVE MAPS COORDINATES TO A TORUS.
REFERRING T) FIGURE 10.&4, THE MIDOLE SURFACE OF THE
SHELL IS DEFINED BY1

X = SR*COS(THETA)
Y = SR*SIN(THETA)*COS(PHI) ¢ LR*(1 - COS(PHI))
Z = (LP = SR*SIN(THETA))I*SIN(PHI)
WHERE S
SR = THE SMALL RADTIUS
LR = THE LARGE RADTUS

THETA AND PHI ARE SHOWN IN THE FIGURE.

THIS MAPPING IS A SURFACE MEASURING MAPPING,

DATA
NOTES TYPE VAPIABLF

cCARD 1.1
(1) A WOPD *TORPUS’
(2) CARD 1,2
I NODE GRIDPOINT NUMBER
? THETA ANGULAR COORCINATE,
DEGREES
R PHT ANGULAR COORCINATE,
DCZGRFEES
R SR SMALL RADIUS OF THE TORUS
R LR LARGE RADIUS OF THE TORUS
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SHELLX
SURFACE

NOTES?
1.

2.

MAPPING DIRECTIVE °*TORUS®

BEGIN THE ENTRY OF THIS OIRECTIVE IN COLUMN 1,

CAPDS 1.2 ARE TO BE REPEATED UNTIL THE ENTIRE
SET OF COOFDINATES TO BF MAPPZD IS OBTAINED,
NOTE THAT EACH ENTRY ON A CARD BECOMES THE
DEFAULT VALUE FOR SUBSEQUENT CARDS UNTIL RESET,
THUS, YOU MAY ENTER FIVE VALUES ON THE FIPRST
CARD OF A4 SET, AND FEWER ON FOLLOWING CARDS
UNTIL THESE OTHER VALUFS NEED TO BE RESET, FOR
EXAMPLE S

1 00 10,0 100,090
2 10

3 20

L 0 19

5 1C

6 20

7 3¢

THIS SET OF DATA WOULD MAP ALL COORDINATES TO A
TOPUS WITH LARGE RADIUS LR = 100.0 ANT A SMALL
PAOIUS SR = 10.0. NODES 1 THROUGH 2 WOULD BE
MAPPFQD WITH A *PHI® OF 0O, AND NODES & THROUGH 7
WOULD BE MAPPED WITH A *PHI* OF 10,
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SHELLX
SURFACE MAPPING DIRECTIVE

f=

*Z0FXY*

SHELL MIDDLE SURFACE

Figure 10.4 - TORUS
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SHELLX
SURFACE MAPPING OIRECTIVE ®ZOFXY’

10.3.4¢8 MAPPING OIRECTIVF °*ZOFXYV?

THIS DIRECTIVE MAPS COORDINATES TO A SURFACE WHICH
IS DEFINEOD AS SOME FUNCTION OF THE *Z’ COORDINATE. SEE
FIGURE 10.5.,

%

X3

Xq

Figure 10.5 - ZOFXY

THIS MAPPING IS A SURFACE MEASURING MAPPING,

DATA
NOTES TYPZ VARIARLE

CARD 1.1

(1) A WORD *ZOF XY®*
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SHELLX

SURFACE MAPPING OIRECTIVE *ZOFXY*

(2) CARD

I

NOTES?

2

1.2
NODE GRIOPOINT NUMBER
X X COORDINATE OF THE NODE
Y Y COORDINATE OF THE NODE
7 Z COORDINATE OF THE NOODE
DERIVATIVE 0Z/7DXx AY THE NODE
DERIVATIVE DZ/DY AT THE NODE
BEGIN THE SNTRY OF THIS DIRECTIVE IN COLUMN 1,

CARDS 1.2 ARE TO BE REPEATED UNTIL THE ENTIRE
SET OF COOROINATES TO BE MAPPED IS OBTAINED.
NOTE THAT EACH ENTRY ON A CARD BECOMES THE
DEFAULT VALUE FOR SUBSEQUENT CARDS UNTIL RESET,
THUS« YOU MAY ENTER SIX VALUES ON THE FIPST
CARD OF A SET, AND FEWER ON FOLLONING CARDS
UNTIL THESE OTHER VALUES NEED TO BE RESET.
BECAUSE OF THE GENERALITY OF THIS SURFACE,
HOWEVER, USE OF THIS FEATURE IS NOY EXPECTED.
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SHELLX
EXECUTION

10.4 EXECUTION

10.4e1 FROM TTY

OBTAIN THE INPUT FILE <A> IN SOME MANNER, THE MOST
COMMON WOULD PROBABLY BE TO CREATE THE FILE WITH ONE OF
THE SYSTEM EDITORS. THEN,s

ATTACH, SHELLX » ID=CSRO.
SHELLX,

FILE <B» MAY BE MERGED WITH THE BULK INPUT FILE
(AGAIN USING ONE OF THE SYSTEM EDITORS) OR OTHERWISE
DISPOSED. THE <OUTPUT> FILE MAY BE PRINTED OR EXAMINED
AT THE TERMINAL,

10.4.2 BATCH

BATCH J0RAS DO NOT PERMIT YOU TO INTERVENE IN THE
JOB PROCESSS THUS, ALL FILES 7TO 93E SAVED MUST BE
CATALOGED SOMEWHERE. BELOW IS A SAMPLE JOB TO READ THE
INPUT FROM THE SYSTEM <INPUT> FILFE AND STORE THE MAPPED
COORDINATES IN A PERMANENT FILE FOR LATER USE.

J0B8,CM30000.

CHAPGE s YOUR,GOBBLYGOOK,
REQUEST,B,*PF,
ATTACH,SHELLX,ID=CSRO,

SHELLX, INPUT,
CATALOG,B,BFORLATERUSE+1D=YOUR,
*END-OF-RECORD (77/8/9)

eee SHELLX DATA e

*ENN-OF=-FILE (6/7/879)
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EXECUTION

10.Ls3 OEFAULT EXECUTION

THE DEFAULT EXECUTE CARD ISt

SHEFLLXsA,B,0UTPUT,

10,5 LIMITATIONS AND REMARKS

1.

2,
3

be

5

MINIMUM FIELD LENGTH TO EXECUTE PROGRAMS
APPROXIMATELY 30000 WORDS

MACHINES CDC 6000,
TIME ESTIMATES LESS THAN 1/2 SECOND PER NODE,
PROGRAM MAINTENANCES *SHELLX’ IS MNRITTEN IN

RATIONAL FORTRAN AND IS MAINTAINED B8Y THE
AUTHOR. THE SOURCE CODE IS LOCATED IN THE

UPDATE LIBRARY SHELLXPL +ID=CSRO. THE
RELOCATABLE LIBRARY IS LOCATED IN THE EDITLIB
LIBRARY SHELLXLIB ,ID=CSRO, THE UPDATE

LIBRARY, THE EDITLIB LIBRARY, AND THE ABSOLUTE
EXECUTABLE CODE IS ALSO MAINTAINED ON PRIVATE
DISK DV4717 AT THE COC b4(CO0.

EXTENSIONSt IT IS RECOMMENDED THAT ANY FUTURE
MAPPING TYPES BE OF THE SURFACE MEASURING TYPE
TO AVOID THE PROCESS OF CONVERTING COVARIANT
STRAIN COMPONENTS TO PHYSICAL STRAIN
COMPONENTS. SEF (FUNG}.

10.6 REFERENCES

te

(FUNG} FUNGs Yo Cey *FOUNDATIONS OF SOLID
MECHANICS?, PRENTICE=HALL, INCsy ENGLEWOOD
CLIFFS, NeJes 1965, PP 89-92 AND PP 111-115.
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CHAPTER 11

!STON®
SUBSTRC TO NASTRAN

OATA FORMAT CONVERTER
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STON
INTROOUCTION

11.1 INTRODUCTION

THE AIM OF *STON® IS TO TRANSLATE A FILE FROM
‘SUBSTRUC’ INTERMEDIATE FILE <NENIN> FORMAY TO THE
‘NASTRAN® BULK DATA DECK FORMAT. THUS, MANY OF THE
SOFTWARE TOOLS DEVELOPED FOR USE WITH NASTRAN MAY BE
USED WITH SUBSTRC.

11.2 PROGRAM TECHNIQUE

*STON® READS THE *SUBSTRC® INTERMEDIATE FILE
<NEHWHIN>, THE COORDINATES ARE CONVERTED TO NASTRAN
GRIOPOINTS AND THE CONMECTIVITY T0 NASTRAN MESH
DESCRIPTION. THE STON’ TRANSLATION TABLE IS AS
FOLLOWS?

« 2 NODE ELEMENTS ARE CONVERTED TO ‘GROD® NASTRAN
ELEMENTS

« 3 NODE ELEMENTS ARE CONVERTED TO *CTIIA2Y NASTRAN
ELEMENTS

« 4% NODE ELEMENTS ARE CONVERTED *CQUAD1L" NASTRAN
ELEMENTS

« 8 NODE BRICK ELEMENTS ARE CONVERTED  *CHEXA1®
NASTRAN ELEMENTS

o 20 NODE ELEMENTS ARE CONMVERYED ‘CIHEXZ2® NASTRAN
ELEMENTS

NASTRAN REQUIRES THAT EACH NODE AMD ELEMENT BE UNIQUE.
'STON® MEETS THIS MECESSITY BY RENUMBERING THE NODES AND
ELEMENTS, THE OUPLICATE NODES AT SUBSTRUCTURE
BOUNDARIES ARE NOT ELIMINATED, HOMEVER,
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USING THE PROGRAM

11.3 USING THE PROGRAM

THE FOLLOWING CONTROL CARDS ARE
EXECUTE *STON'‘:

ATTACHySTON,ID=CSPR.

STON.

11.,3.1 DEFAULT EXECUTION

STON,NEWIN, OUTPUT, DATA.

11.3.2 FILES

NENWIN THE INTERMEOIAYE FILE
BY THE PROGRAM *HABS'

oUTPUT PRINTEDO OUTPUT FROM

DATA THIS IS THE NASTRAN
DECK FILE.
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EXAMPLE

11.4 EXAMPLE

THIS EXAMPLE SHOWS THE PRODUCTION OF THE FILE
<NEWIN> BY *WABS* AND THE FILE <DATA> BY ‘STON?,

COMMENT ., PRODUCE FILE <NEWIN>,
COMMENT ¢ *cccccccnccccccax et escccsscccesccce-
ATTACH,“ABS'ID=CSPRQ
ATTACH,0ATA,YOURDATA,ID=YOUR,

HABS,

UNLOAD,WABS,DATA,

COMMENT s =scmmeccmeccccccccaccacccccacacccsacaans

COMMENT. TRANSLATE TO NASTRAN INPUT FILE <DATA>
COMMENT ¢ =~ eccccccccccccrncccaccccncccncccccncea
ATTACHySTON,ID=CSPR.

STON.

UNLOADySTON.

AT THIS POINT, THE FILE <DATA> EXISTS IN THE
NASTRAN BULK ODATA DECK FORM. TO CONTINUE, AND PREPARE
THE OATA FOR DISPLAY WITH A DISPLAY PACKA3E, ONE MUST
TRANSLATE THIS OATA INTO A FORM COMPATIBLE WITH THE
PLOTTING DEVICE. [F, FOR EXANPLE, THE DISPLAY IS TO B8E
DONE WITH °*STAGING®, THE FOLLOWING CONTROL CARDS WOULD
BE EXECUTED IMMEDIATELY FOLLOWING THE ABOVES

ATYACH,PROCFIL,PROCFILPRESTAGyID=CAMK,

BEGINyIDEALTK,y,0B=DBNAME ,ID=YOUR,STR1=STRUCTUREN,
STR2=AMEUPTO&0C,STRI=HARACTERSL ySTA4=0NG,
SUB1=UPTOLOCHAR,SUB2=SUBSTRUCTU,SU33=RENAME.
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CHAPTER 12

*STRSIFY® - SIFT STRESSES
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STRSIFTY
ENTRODUCTION

12.1 INTRODUCTION

“STRSIFT? IS AN INTERFACE BETWEEN THE *SUBSTRC’
PROGRAM ELEMENT TYPES 8 (DOUBLY CURVED SHELL TRIANGLE)
AND 13 (DPEN SECTION CURVED BEAM) AND THE UNIVERSITY OF
CALGARY PLOTTING PROGRAM *CONT* (CONT}, AS SUCh, IT
PROCESSES THE *SUBSTRC*® INTERMEDIATE DATA FILE <NEWIN>
AND ONE OF THE SUBSTRPC STRESS OUTPUT FILES TO PRODUCE A
FILE COMPATIBLE WITH THE BULK OF THE INPUT DATA TO
‘CONT*, *STRSIFT* MAKES 4 ADDITIONAL FILES WHICH MAY BE
REUSED FOR FURTHER SIFTING.

*STRSIFY* IS DESIGNED TO FILTER THE *SUBSTRC'
INTERMEDIATE FILE <NEWIN>» WITH USER-DEFINED FILTERS.,
THUS, °*STRSIFT* WILL PUT ON THE OUTPUT FILES <DATA> AND
<TAPEL11>» ONLY THOSE ELEMENTS AND COORDINATES WHICH PASS
THRU THE FILTER(S)., YOU ALSO HAVE THE OPTION OF
UNROLLING AN AXISYMMETRIC SURFACE ABOUT ONE OF 3 AXES.,

*STRSIFT’ IS DESIGNED TO LOGICALLY AND ACTUALLY
SEPARATE EACH SPECIFIC TASK INTO A SINGLE MODULE OR
SUBROUTINE. THIS KIND OF CONSTRUCTION MaKES FURTHER
CHANGES VO ‘STRSIFT’ FEASIBLE BY OTHER THAN THE ORIGINAL
DESIGNER, IT IS WRITTEN IN THE PROGRAMMING LANGUAGES
‘RATFOR* AND 'FORTRAN’,

12,2 FILES

INPUT USER INPUT. SECTION 3 OF THIS REPORT
GIVES DETAILED EXPLANATIONS OF USER
INPUT,

ouTPUT PRINTEO OUTPUT = USUALLY ABOUT A PAGE OR
THO. THE MAXTIMUM, MINIMUM AND
DIFFERENCES OF THE COORDINATES AND THE
STRESSES ARE PRINTED HEREs WHICH ALLOWS
YOU TO GET AN IDEA OF WHAT THE INPUT TO
*CONT? SHOULD BE.

NEWIN THE INTERMEDIATE °*SUBSTRC® FILE PRODUCED
BY *WABS®
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FILES

JATA

TAPEL1

TAPEB?2

MSLMN

THE CODED *STRSIFT* OUTPUT FILE SUITABLE
FOR FURTHER PROCESSING, POSSIBLY B8y A
PLOTTING PROGRAM, IT CONTA INS ONE
PARTITION FOR EACH OF THE STRESSES. EACH
PARTITION ENDS WITH A FORTRAN HKWRITTEN
*ENDFILE? MARK, FACH PARTITION CONTAINS
N RECORDS, WHERE N IS THE NUMBER OF
ELEMENTS PASSED THRU THE USER-OEFINED
FILTERS MULTIPLIED 8Y THE NUMBER (0] 3
INTEGRATION POINTS PER ELEMENT, THE
FORMAT OF SACH RECORD ON THE DATA FILE IS
(3E15.7,12), EACH RECORD IN EACH
PARTITION CONTAINS

Xe Yo Zeo FLAG
WHERF t
X IS THE REAL X COORDINATE CF THE
INTEGRATION POINT,
Y IS THE ©®FAL Y COORDINATE OF THE
INTEGRATICN POINT,
V4 IS THE REAL STRESS VALUE AT THE
INTEGRATION POINT,
FLAG IS AN INTEGFR WHICH SIGNALS THE END
OF THE DATA, FLAG = 0 MEANS MORE DATA
FOLLOWSS FLAG = 99 SIGNALS END OF O0OATA,

THE CODED *STRSIFT* OQUTPUY FILE OF THE
GRIDPOINT COORDINATES OF THE FINITE
ELEMENT MESH 1IN A FORM WHICH IS
COMPATIBLE WITVTH THE ‘CONT’ PROGRAM. THIS
FILE IS SAVABLE. ONE MIGHT WISH TO SAVE
THIS FILE BECAUSE PLOTTING THE <DATA>
FILE WITH *CONT* B8Y ITSELF GIVES NO
INDICATION OF THE LOCATION OF THE NODES
AND ELEMENTS,

ONE OF THE OUTPUT FILES OF THE *SUBSTRC’
ANALYSIS PROGRAM. FOR THF SHELL ELEMENTS
(8 & 20),y *SUBSTRC' PUTS OUT TWO STRESS
TAPESS TAPEB2s AND TAPE63. IF TAPES3 IS
BEING USED, IT SHOULD BES ATVTACHED AS
TAPEBZ2.

THE MASS STORAGE ELEMENT FILE MADE B8Y
*STRSIFT®, IT CONTAINS ALL THE ELEMENTS
NUMBERFD SEQUENTIALLY, IT HAS NO
REFERENCES TO SUARSTRUCTURES AT ALL. THIS
FILE IS SAVABLE,
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FILES

MSXYZ THE MASS STORAGE COORDINATES FILE MADE BY
* STRSIFY®, IT CONTAINS ALL THE
COORDINATES NUMBERED SEQUENTIALLY. IT
HAS NO REFERENCES TO SUBSTRUCTURES AT
ALL, THIS FILE IS SAVABLE.

MSTRES THE MASS STORAGE STRESS FILE MADE 8Y
*STRSIFTCe, IT CONTAINS ALL THE STRESSES
PRODUCED BY ?SUBSTRC’ AT ALL THE ELEMENT
INTEGRATION POINTS., IT HAS NO REFERENCES
TO SUBSTRUCTURES AT ALL. THIS FILE IS
SAVABLE,

MSIPXS THE SCRATCH MASS STORAGE INTEGCRATION
POINYS COORDINATES FILE MADE BY
PSTRSIFT®, SINCE SOME OF THE COORDINATES
COMPUTED FOR A PARTICULAR DISPLAY MAY NOT
BE CORRECT FOR ANOTHER DISPLAY, IT IS NOT
DFSIRABLE TO SAVE THIS FILE BETHKEEN
VARIOUS RUNS OF *STRSIFT’,

12.2.1 A NOTE ON THE <DATA> FILE

TO MAKE THINGS EASIER TO HANDLE MWHEN YOU ARE
VIEWING THE STRESSES ON A *SCOPE, YOU MAY WANT TO USE
THE PROCEDURPE CRUMBLE TO BREAK THE DATA FILE INTO PIECES
(OF COURSE, CRUMBLE MAY BE USED AT ANY TIME).

TO CREATE A FILE WHICH DOES NOT HAVE ANY END-FILE
MARKS (THAT IS, THE FILE IS ONE HUGE PARTITION), USE THE
COPYS SYSTEM UTILITY (DESCRIBED MORE FULLY IN REFERPENCE
(CCRrRM}) AS FOLLOWS!?

BEGINGCOPYS 4, COPYJsDATALNEWFTIL,
REWIND NEWFIL,

NOTEZ THAT THE INPUT DATA EXPECTED BY ‘GCONT* IS TO
COME FROM TAPES, TAPE9, OR TAPE10, SO YOU MAY HAVE TO
LOCALLY RENAME THE DATA FILE OR THE OUTPUT FILES OF
CRUMBLE AT THE SCOPE., YOU CAN 00 THIS WITH THE INTERCOM
COMMANDS (REFERENCE CINTERCOM})1

UNLJOAD,OLDLFN<CR>
BATCHyOLDLFN,RENAME JNEWLFN<CR>
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FILES

WHERE OLOLFN IS THE OLD LOGICAL FILE NAME, NEWLFN
IS THE NEW LOGICAL FILE NAME, AND <CR> MEANS CARRIAGE
RETURN,

12.3 USER INPUT

12.3.1 INTVTRODUCTION

INPUT IS HANDLED WIT4 DIRECTIVES AND DATA CARDS
ASSOCIATED THEREWITH. INPUT DATA ARE FREE FORMAT,
SEPARATED BY A COMMA OR BLANK(S). THERE ARE THREE TYPES
OF DATA EXPECTED AS INPUTs INTEGER, REAL AND ALPHABETIC,.
INTEGER INPUT AND REAL INPUT FOLLOW THE USUAL FORTRAN
CONVENTIONS, I.Ese INTEGER IS ENTERED WITHOUT A DECIMAL
POINT, REALS ARE ENTERED WITH A DECIMAL POINT (AND MAY
BE IN EXPONSENTIAL FORM), ALPHABETICS ARE USED FOR
INPUYTING THE DIRECTIVES AND THE RELATIONS USED TC
DEFINE THE FILTERS, THE DATA TYPES ARE INDICATED IN THE
INPUT DESCRIPTIONS AS *I* FOR INTEGER, ‘R’ FOR REAL, AND
‘A’ FOR ALPHABETIC,

FILTERING IS FIRST PERFORMED ON THE NODAL
COORDINATES. ANY NODE MWHICH HAS COORDINATES WHICH DO
NOT PASS THRU THE USEP DEFINEDO FILTERS ARE ELIMINATED.
SECONDs THE ELEMENTS ARE EXAMINED. THOSE ELEMENTS
CONTAINING ‘ELIMINATED® NOOES ARE THEMSELVES ELIMINATED,
WITH ALL THE NODES ASSOCIATED WITH THEM, THIS SECOND
STZP MAY THERFFORE REMOVE MORE NODES THAN YOU EXPECT!

12.3¢2 DIRECTIVES IN °STRSIFT’

THE FOLLOWING DIRECTIVES ARE AVAILABLE?
MESH DISPLAY FEM MESH., <TAPE11>» IS
NOT MADE WITHOUT THIS
DIRECTIVE.
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USER INPUT - DIRECTIVES

MY

PICTURE DEFINITION

POLAR FILTER

RADIAL FILTER

UNRILL
vicw AXxIS

XYZ FILTER

INVOKE USER PROGRAMMING
DEFINE THE EXTENT OF THE
PICTURE TO BE ORAWN,
PER

FILTER ANGLE

CRITERIA

ELEMENTS

FILTER RADIAL

CRITERIA

ELEMENTS PER

UNROLL A SURFACE INTOQ 20D
DEFINE A VIEW DIRECTION

FILTER ELEMENTS PER
DATA

COORDINATE
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*MESH®* DIRECTIVE

1203.241 MESH

MISH PFRMITS YOU YO OISPLAY THE FINIVE ELEMENT
MESH, ONE MIGHT WISH TO SAVE THIS FILE BECAUSE PLOTTING
THE <DOATA> FILE WITH <°*CONT® 8Y ITSELF GIVES NO
INDICATION OF THE LOCATION OF THE NODES AND ELEMENTS,
THUSy IF YOU OFSIRE TO SAVE THE MESH COORDINATES 1IN A
FORM COMPATIBLE WITH *CONT*, <TAPE11> SHOULD BE
CATALOGED AFTER THE °*STRSIFT® RUN,

DATA
NOTES TYPE VAPIARLE

CaARD 1
() A CARD *MESHe
NOTES?S

1+ THF WORD *MESH® IS FENTERED AS THE FIRST FOUR
CHARACTERS ON THE INPUT LINE.

EXAMPLEY PROVIDE FOR DORAWING THE MESH OF THE
CISPLAY,

SOLUTION?® GIVE THE FOLLOWING DIRECTIVE T0
STRSIFT®*3

MESH
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°PICTURE
1234262
PICT
OF YOUR
INTEREST.,

DATA

NOTES TYPE
CARD

(1) A
2) CARD

{3 R

R

R

R

NOTESS

i.

-

3.

DEFINITION® DIRECTIVE

PICTURE DEFINITION

URE DEFINITION ALLOWS YOU TO DEFINE THE LIMITS
DISPLAY AND HENCE *ZOOM* 1IN ON AN AREA OF
PICTURE DEFINITION IS A 2 CARD BLOCK.

VARIABLE
1
CARD °PICTURE DEFINITION®
2
XLL X COORDINATE OF THE LOWER
LEFT CORNER OF THE PICTURE
YLL Y COORDINATE OF THE LONWER
LEFT CORNER OF THE PICTURE
XUR X COORDINATE OF THE UPPER
RIGHT CORNER OF THE
PICTURE
YUR Y C. U .OINATE OF THE UPPEP
RIGHTY CORNER OF THE
PICTU

SYART IN COLUMN 1, 1IT IS IMPORTANT TO INCLUDE
ONE AND ONLY ONF BLANK BETWEEN THE WORDS!

EACH ENTITY ON A CARO IS SEPARATED FROM THE
OTHERS 8Y EITHER A COMMA (,) OR A BLANK ()},

IF THE *UNROLL? DIRECTIVE IS USED
SIMULTANEOQUSLY WITH ‘PICTURE DEFINITION’,
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*PICTURE ODEFINITION’ DIRECTIVE

SPECIFY THE PICTURE DEFINIVION IN TERMS OF THE
UNROLLED STRUCTURAL DIMENSIONS. THUS, 1IF A
CYLINDER OF OIAMETER 10 IS UNROLLED ABOUY THE ¥
AXIS, THE RANGE OF X DIMENSIONS YO CONSIDER FOR
PICTURE DEFINITION IS FROM G TO 31.415,

EXAMPLES EXCLUDE FROM THE DISPLAY ALL THOSE NODES
WHICH LIE OUTSIDE THE UNIT SQUARE.

SOLUTION® PROVIDE A PICTURE DFFINITION TO °*DFLSIFT?
AS FOLLOWS?:

PICTURS DFFINITION
Cs0,1,1
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°POLAR FI

12034243

POLA
CISPLAY

LTER® DIRECTIVE

POLAR FILTER

R FILTER PERMITS YOU YO EXCLUDE ELEMENTS FROM A
WHICH DO NOT LIE WITHIN A REGION DEFINED BY

POLAR ANGLESe POLAR FILTER IS A 3 CARD BLOCK. THERE

ARE A MAX

OATA
NITES TYPE
CARD
(1} A
CARD
2) I
(3 CARD
() A
(<) A
(&) R
NOTES?S
1.
2o
3.

IMUM ALLOWABLE NUMBER OF 20 FILTERS.

VARIARLE
1
CARD *POLAR FILTER'
2
NPLRTST NUMBER OF POLAR FILTER
TESTS
3e1
PLROIR POLAR ANGLE DIRECTION
PLPREL RELATIONAL SPECIFICATION
PLPVAL VALUE Y0 BE USED IN THE
FILTER

START IN COLUMN 1, IT IS IMPORTANT TO INCLUDE
ONF AND ONLY ONE BLANK BETHWEEN THE WORDS!

THE MAXIMUM NUMBER OF FILTERS IS 20,
REPEAT CARDS IN THIS SET UNTIL ALL THE REQUIRED
FILTERS HAVE BEEN OEFINED., EACH ENTITY ON A
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*POLAR FILTER? LIRECTIVE

bo

5

be

CARD IS SEPARATED FROM THE OTHERS BY EITHER A
COMMA (,) OR A BLANK ( ),

PERMISSIBLE SPECIFICATIONS FOR MEASURING THE
ANGULAR DIRECTION ARE ’XTOVY‘’, *YTOZ?, AND
*770x*., ALTERNATIVELY, THESE DIRECTIONS MAY BE
SPECIFIED BY *1° *2‘’y, OR *3¢, RESPECTIVELY.

RELATIONS WHICH ARE TO BE USED IN THE FILTERS
ARE LIMITED TO THE FOLLOWING VALIO TWO
CHARACTER ALPHABETIC ENTRIES?

€Q - EQUALS

GE - GREATVTER THAN OR EQUAL 703
GT - GREATER THAN]

LE - LESS THAN OR EQUAL TO3

LY - LESS THAN3

NE - NOY EQUAL TO.

THE FILTER RANGE IS FROM =180 YO ¢180 DEGREES.

EXAMPLFs ESTABLISH A FILTER WHICH PASSES THOSE

ELEMENTS

LYING BETWEEN ~43 DBEGREES AND +43 DEGREES 1n

THE Y=Z PLANE,

SOLUTION® ESTABLISH A *STRSIFT® FILTER AS FOLLOWS?R

POLAR FILTER

2

YTOZ;GF..-QCS.U
YTOZ,LE,+L3,0
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12.3.244

A

DISPLAY

OIRECTIVE

RADIAL FILTER

RADIAL FILTER PERMITS YOU TO EXCLUDE ELEMENTS FFROM

WHICH DO NOYT LIE WITHIN A CIRCLE, CAUTION?

THIS FILTER WORKS IN A COMPLETE CIRCLE! RADIAL FILTER

IS A 3 CARD 8LOCK,

OF 20 FILTEPS,

1)

2)

3)

()

(5)

(6}

DATA
NOTES TYPE

CARD 1

A CA®D

CARD 2

I NRDLTST

CARD 3.1

I NXRIOL1
I NXRDOL?2
A ROLREL
R ROLVAL

R ROLCTR1

R ROLCTR2

VARIABLE

202

THERE ARE A MAXIMUM ALLOWABLE NUMBER

*RADIAL FILTER?

NUMBER OF RADIAL FILTER
TESTS

NUMBER OF THE FIRST
COORDINATE USED TO FORM
THE RADIUS

NUMBER OF THE SECOND
COORODINATE USED TC FORM
THE RADIUS

RELATIONAL SPECIFICATION

VALUE TO BE USED IN THE
FILTER

FIRST COORDINATE OF THE
CENTER OF THE RADIUS

SECOND COORDINATE OF THE
CENTER OF THE RADIUS




STRSIFT

NOTES?

1.

2

3.

e

S5e

Be

*RADIAL FILTER® DIRECTIVE

START IN COLUMN 1, IV IS IMPORTANT TO INCLUDE
ONE AND ONLY ONE BLANK BETWEEN THE WORDS!

THE MAXIMUM NUMBER OF FILTERS IS 20.

REPEAT CAROS IN THIS SET UNTIL ALL THE REQUIPED
FILVERS HAVE BEEN DEFINED., EACH ENTITY ON A
CAKD IS SEPARATED FROM THE OTHERS BY EITHEP A
COMMA (4) OR A BLANK ( ),

THE COORDINATES SPFCIFIED HERE MAY BE ANY TWO
OF THE ELEVEN, THE MOST USEFUL WILL PROBABLY
BE COORDINATES 3, 6 AND 9 (Xy Y, AND Z,
RESPECTIVELY) .

RELATIONS WHICH ARE TO BE USED IN THE FILTERS
ARE LIMITED TO THE FOLL OWING VALIC THO
CHARACTER ALPHABETIC ENTRIES?

£Q - EQUALS

GE - GREATER THAN OR EQUAL TO3

GT - GREATER THAN;}

LE - LESS THAN OR EQUAL TO¢

LT - LESS THANS

NE - NOT EQUAL TO.

THE DEFAULT VALUES OF THE CENTER ARE 040,
DEFINING THE CENTER AT SOME OTHER POINT IN
SPACE PERMITS VARIOUS PORTIONS OF THE STRUCTURE
TO BE CARVED AMWAY,

EXAMPLES DISPLAY ALL THOSE LIBRARY ELEMENT TYPE 8°’S
WHICH ARE AT A RADIUS OF 12,5 OR LESS FROM THE Z aAXIS.

SOLUTIONt ESTABLISH A *STRSIFT* FILTER AS FOLLOMWS?

RADIAL FILTER

1

3969LEW12¢5404045C00
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1243¢245 UNROLL

UNRJILL PERMITS YOU TO DISPLAY A SURFACE 1IN 2
DIMENSIONS BY UNROLLING 1IT ABOUT AN AXIS., DEFAULT IS
NOT UNROLLes THAT IS, IF THE UNROLL OIRECTIVE IS NOT
SELECTED, THE VIEW WILL BE A PROJECTED IMAGE. UNROLL IS
A TWO CARD OPTION.

DATA
NOTES TYPE VAPIABLE

CARD ¢
(1) A CAPD *UNROLL "
2) A CARD AXIS NAMEZE OR NUMBER
CAR) 2
(3 R X FIRST COORDINATE OfF
UNRGOLLING CENTER
R Y SECOND COORDINATE oF
UNROLLING CENTER
NOTES?

1« ENTEP THE WORD ‘UNROLL® BEGINNING IN COLUMN 1,

2. PERMISSIBLE AXIS NAMES ARE *X‘, *Y°*, *Z°¢,
SYNONYMS ARE *1°, *2¢, AND *3’, RESPECTIVELY.
THT AXIS NAMES ARE SEPARATED FROM THE OIRECTIVE
BY A COMMA (,) OR ONE OR MORE BLANKS ( ).

3, THE COORODINATES OF UNROLLING CENTER ARE GIVEN
IN THE ORDER X-Y, Y-Z, OR Z=X, DEPENDING ON THE
AXIS SPECIFIED ON CARD 1.

EXAMPLES UNROLL A CYLINDER LOCATED AT THE ORIGIN
WITH ITS AXIS COINCIDENT WITH THE Z AXIS.
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*UNROLL® DIRECTIVE

SOLUTIONS USE THE FOLLOWING INPUTS

UNROLL Z
0elsCoC
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*VIEM AXIS* DIRECTIVE

12430246 VIEW AXIS

VIEA AXIS PERMITS YOU TO CHANGE THE AXIS ALONG
WHICH THE STRUCTURE IS PROJECTED. THE DEFAULT
PROJECTION IS THE Z AXIS. VIEW AXIS IS A 1 CARD BLOCK,

DATA
NOTES TYPE VAPIABLE

CaRD 1
(1) A CAPD *VIEW AXIS*
2) A CA®PD AXIS NAME OR NUMBER
NOTES?S

1. STARY IN COLUMN 1, IT IS IMPORTANT TO INCLUDE
ONE AND ONLY ONE BLANK BETWEEN THE WORDS!

2. PERMISSIBLE AXIS NAMES ARE 'Xx°*, °Y°’, *Z¢,
SYNONYMS ARE *1°¢ °*2°', AND *3°’, RESPECTIVELY.
THE AXIS NAME IS SEPARATED FROM THE OIRECTIVE
BY ONFE OR MORE BLANKS ( »,

EXAMPLES VIEW A PROJECTION B8Y LGCOKING IN THE X
DIRECTION,

SOLUTION: INCLUDE IN THE INPUT DATA, THE FOLLOWING
CARD?

VIZW AXIS X
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#XYZ FILTER’ DIRECTIVE

12¢302¢7 XYZ FILTER

XYZ FILTER PERMITS YOU TO EXCLUDE ELEMENTS FROM A
DISPLAY WHICH 00 NOT LIE WITHIN A RZGION SPECIFIED BY
COORDINATES OF THE GRIDPOINTS. XYZ FILTER IS A THREE
CARD-TYPE SET, CARD 3 MAY BE REPEATED UP TO 20 TIMES,
GIVING A MAXIMUM NUMBER OF DEFINABLE FILTERS OF 20.

DATA

NOTES TYPE VARIARLE

CARD 1
(1) A CAPD *XYZ FILTER'
CAR]) 2
(2) I NXTESTS NUMBER OF XYZ FILTER TESTS
(3) carRd 3.1
(<) I FLTRCRD NUMBER OF THE COORDINATE
TO BE FILTERED
(<) A XTSTeFL RELATIONAL SPECIFICATION
R XTFSTY VALUE TO BE USED IN THE
FILTER
NOTES?

1. START IN COLUMN i, IT IS IMPORTANT 7D INCLUDE
ONE AND ONLY ONE BLANK BETWEEN THE WORDS!

2. THE MAXIMUM NUMBER OF FILTERS IS 20,

3, PEPEAT CARDS IN THIS SET UNTIL ALL THE PEQUIRED
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*XYZ FILTER’ DIRECTIVE

FILTERS HAVE BEEN DEFINEO. EACH ENTITY ON A
CARD IS SEPARATED FROM THE OTHERS BY EITHER A
COMMA (,) OR A BLANK (),

ke ANY OF THE COORDINATES MAY BE SPECIFIED 1IN A

FILTER,

5. RELATIONS WHICH ARE TO BE USED IN THE FILTERS
ARE LIMITED Y0 THE FOLLOWING VALID TWO
ALPHABETIC ENTRIES?

CHARACTER
EQ
GE
GT
LE
LT
NE

EXAMPLF: PLOT

EQUALS

GREATER THAN OR EQUAL TO3
GREATER THAN?

LESS THAN OR EQUAL TO?
LESS THANS

NOT EQUAL TO.

ONLY THOSE COORDINATES (AND HENCE
ELEMENTS) OF LIBRARY ELEMENT TYPE 8 WHICH LIE BETHWEEN X
COORDINATE 3.0 AND 15,0,

SOLUTIONS ESTABLISH A °*STRSIFT’ FILTER AS FOLLOWSS

XYZ FILTFR
2

3¢GE+3.0
3sLEs1540
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°MY* DIRECTIVE

12.4 MY

*MY® PERMITS AN ADVANCED USER TO PUT HIS OWN CODING
INTO *STRSIFT* WITHOUT RADICALLY ALTERING THE PROGRAM
STRUCTUREs YOU MUST PROVIOE A ROUTINE NAMED *MY? WHICH
WILL HANDLE ANY OF YOUR INPUT ON THE FIRST CALL, AND
WHICH DJES THE FILTERING ON A SECOND CALL. MY* IS
INITIALLY A 1 CARD BLOCKS YOU MAY GF COURSE GO
INPUT/0UTPUT IN YOUR OWN CODE. YOU MAY ADD ANY OTHER
ROUTINES DESIRED AS WELL.

THE COMMON BLOCK /MINE/ IS PROVIDED FOR USERS. IT
CONTAINS 10" WORDS, THE FIRST OF WHICH IS SEY VYO INTEGER
1.

EXAMPLES SET UP A FILTER WHICH PASSES ONLY O0DOD
NUMBERED ELEMFNTS,

SOLUTION: PROVIOE THE ROUTINE ‘MY’ AS FOLLOWSs AND
RELOAD AND EXECUTE THE PROGRAM WITH THE ‘MY* DIRECVIVE?

SURROUTINE MYy

COMMON /MINE/ USER(100)

INTEGER USER

COMMON /PLOTLMN/ PLOTLMN(20L8)
LOGICAL PLOTLMN

COMMON /TOTALS/ TOTNODS, TOTLMNS

* FIRST TIME WE ENTER THE PROGRAM
IF (USER(2) «NE. C ) GOTO 10
USER(2) = 1
RETURN

® SECOND TIME WE ENTER THE PROGRAM
10 CONTINUE
DO 2C I = 24 TOTLMNS, 2
PLOTLMN(I) = LFALSE.
20 CONTINUE
RETURN
END
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12.5

12.5,

EXECUTION

1 FROM RATCH,..FIRST RUNS

JOBCARD,CM70000,
CHARGE,YOUR,G0BBLYGOOK,

COMMENT. PRODUCE FILE <NEWIN>,

COMMENT ¢»cm=rocecccccerconcccacacsrsconnccccccace
ATTACH,WABS,I0=CSPR,

ATTACH,DATA,YOURDATA, ID=YOUR,

MABS,

UNLOAD,WABS,DATA,

COMMENT ¢ ewremceccrancrcccccacccncacccnccccacacccn=
COMMENY. ATTACH TAPES2, RESERVE PERM FILE
COMMENT, SPACE FOR OTHER FILES.

COMMENT (reemcmeccsccercccrcccccncccncnrcrocccane
ATTACH,TAPEG2,YOURTAPES2FROMSUBSTRC,ID=YOUR,
REQUESTyMSLMN,*PF,

REQUESTsMSXYZ,*PF,

REQUEST,MSTRES,*PF,

REQUEST,DATA,*PF,

REQUEST,TAPE11,*PF,

COMMENT y==ce==cccccccccanacncacececcccncceacnens

COMMENT, EXECUTF *STRSIFT’, SAVE FILES
COMMENT y===emeccmccceccccmcmccccceccmcacmccaaoa-
ATTACH,STRSIFT, I0=CSPR,

STRSIFTy,4 NEWIN,
CATALOGyMSLMN,YOURMSLMNANALY SISNAME , ID=YOUR,
CATALOG,MSXYZ,YOURMSXYZANALYSISNAME,ID=YOUR,
CATALOG,MSTRES, YOURMSTRESANALYSISNAME, ID=Y OUR,
CATALOG,DATA, YOURANALYSISNAMEPLOTDATA, ID=Y OUR,
CATALOG,TAPE11, YOURANALYSISNAMETAPE11, ID=YOUR,

12.5.2 FROM BATCHes o SUBSEQUENT RUNSTE

JOBCARDy,CM7 0000,
CHARGE,YOUR,GOBBLYGOOK,

COMMENY, ATTACH PERM FILES, REQUEST SPACE FOR
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COMMENT, <0ATA> AND <TAPEL11>

COMMENT e =r e mcececnccccrccacccccccccccccsccccan
ATTACHyMSLMN, YOURMSLMNANALYSISNAME,ID=YOUR,
ATTACH,MSXYZ,YOURMSXYZANALYSISNAME,ID=YOUR,
ATTACH,MSTRES,YOURMSTRE SANALYSISNAMNE, ID=YOUR.
REQUEST.DATA,*PF,

REQUEST,TAPE11, *PF,

COMMENT =~ =mmemccecscccmccaccccnsnccncconcncnen

COMMENY. EXECUTE *STRSIFT®’, SAVE FILES

COMMENT ye=memecmcmccenamcccacmacosmncrnccencacnn
ATTACH,STRSIFT, ID=CSPR.

STRSIFTsss NEWIN,
CATALOG,NDATA,YOURANALYSISNAMEPLOTDATA, I0=YOUR,
CATALOG, TAPE11, YOURANALYSISNAMETAPEL1,ID=YOUR,

12.5.3 FROM TTY

NOT POSSIBLE BECAUSF °STRSIFT* TAKES Y00 MUCH CM,

12.5.4 DEFAULT EXECUTE CARD

STRSIFTINPUT,OUTPUT,INFILE,DATA,DUMMY ,TAPEG24DUMMY,
MSLMN,MSXYZ,MSTRES.
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12,6 LIMITATIONS AND REMARKS

1« LARGEST NUMERICAL MODELS$ 2048 ELEMENTS AND 2048
NODES,

2« ELEMENTY TYPES HANDLEDt 8 (DOUBLY CURVED SHELL
TRIANGLE) ANDO 13 (OPEN SECTION CURVED BEAM),

3. MACHINES: CDC 6000 SERIES,
¢ CENTRAL MEMORYS 70000 WORDS,
S« TIME ESTIMATES ABOUT 5 NODES PER CPU SECOND.

6+« PROGRAM MAINTENANCE?! THE PROGRAM IS CURRENTLY
BEING MAINTAINED BY THE AUTHOR. SOURCE CODE IS
LOCATED IN THE UPDATE PROGRAM LIBRARY
CSROSTRSIFTPL, ID=CSRO., COMPILED ROUTINES ARE
IN THE PRELOAD LIBRARY CSROSTRSIFTPREs ID=CSPO,
ABSOLUTE (TASK LOADED) FILE IS STRSIFT,ID=CSPR.
COPIES OF THE FILES ARE MAINTAINEDO ON DISK
DVu717.

7. PLACES FOR TIMPROVEMENTS *STRSIFY* COULD BE
EXTENDED TO HANDLE ALL THE ELEMENTY TYPES IN THE
‘SUBSTRC* LIBRARY,

12.7 CRUMSBLE

*CRUMBLE* IS A CYBER CONTROL LANGUAGE (REFERENCE
{(CCL}) PROCEDURE WHICH BREAKS UP A FILE (SAY, <DATA>)
CREATED MITH FORTRAN., EACH OF THE PARTITIONS IN <DATA>
BECOMES A SEPARATE FILE. EACH OF THE PARTITIONS IS
WRITTEN TO PERMANENT FILE DISCy AND MAY BE CATALOGED AT
THE OPTION OF THE USER. NONE OF THE FILES ARE REWOUND,

EXECUTIONS

ATTACH.PROGFIL,CCLLIB,1ID=CSRO.
BEGINy CRUMBLE yPROCFILJURTAPE ¢ NAME, N,
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BEGIN
CRUMSLE

PROCFIL

URTAPE

NAME

INITIATES EXECUTION OF THE PROCEOURE
IS THE NAME OF THE PROCEDURE

IS THE NAME OF THE PROCEDURE FILE WHENCE
THIS PROCEDURE IS BEING EXECUTED.

IS VYOUR TAPE (PRODUCED B8Y A FORTRAN
PROGRAM), DEFAULT VALUES URTAPE = DATA

IS THE NAME OF THE FILE(S) TO0 BE PRODUCED
BY CRUMBLE, DEFAULT VALUE® NAME = FILE

IS THE NUMBER OF FILES EXPECTED ON
URTAPE. DEFAULTY VALUES N = 7

EXAMPLES BREAK UP THE FILE <DATA> AND SAVE THE LuTH
PARTITION ON PERMANENT FILE,

SOLUTYION?®

COMMANDS?

AT A TERMINALs EXECUTE THE FOLLOMWING

ATTACH,PROCFIL,CCLLIB,ID=CSRO.
ATTACH,0ATA,YOURDATAFILE,ID=YOUR,
BEGIN.CRUMBLE .
CATALOGyFILE4L,FILEL,ID=YOUR,

NOTES?

1, YOU NOW HAVE THE FOLLOWING FILES ATTACHED TO

YOUR

TERMINALt <PROCFIL>, <DATA>, <FILF1>,

<FILE2>, <FILE3»y <FILEL>, <FILE5>y <FILEG>,
<FILE?>,

2« NONE OF THE FILES ARE REWOUND.

3. EACH

OF THE FILES <FILEN> IS MWRITTEN T0

PERMANENT FILE, SO YOU CAN SAVE ANY OF THEM BY
EXECUTYING A PROPER CATALOG.
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12.8 FILE STRUCTURE

THE KNOWLEDGE OF THE FILE STRUCTURE USED 8y
*STRSIFT®* IS NOT NECESSARY FOR ITS USE. HOWEVER, THIS
KNOWLEDGE WOULD BE INVALUABLE TO SOMEONE WHO WISHES TO
MODIFY THE PROGRAM. HENCE, THIS SECTION DESCRIBES THE
MASS STORAGE RANDOM ACCESS FILES USED BY ‘STRSIFT’,

12,81 MSLMN

MSLMN IS THE MASS SYORAGE ELEMENT FILE,

12.8.1.1 MAIN INDEX

THE MAIN INDEX IS NAMED LMASTER DIMENSIONED 10
WORDS

WORD ADDRESS TO3
1 LLISTYP(2048) ~ A LIST OF THE ELEMENT TYPES
2 LMNNOX(2048) - THE FILE SUBINDEX
3 TOTNODS(2) - THE TOTAL NUMBER OF NODES AND ELEMENTS

12.841.2 SURTINDEX

LMNNDOX IS SET AS THE FILE SUBINDEX WITH A CALL TO
STINDX. EACH ENTRY IS A POINTER TO THE MESH FOR THAT
ELEMENTS I.E. LMNNDX(36) POINTS TO THE NODE NUMBERS
COMPRISING THE 36TH ELEMENT (SEQUENTIALLY) IN THE ENTIRE
STRUCTURAL MODEL.
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12.8.,2 MSXYZ

MSXYZ IS THE MASS STORAGE COORDINATES FILE.

12.8.2.,1 MAIN INDEX

THE MAIN INDEX IS NAMED XMASTER DIMENSIONED 5 WORDS

WORD ADDRESS ToOt

1 TOTNODS(2) - THE TOTAL NUMBER OF NODES AND ELEMENTS

2 XLISTYP(TOTNODS) - A LIST OF THE TYPE OF ELEMENT TO
HHICH THIS GRIDPOINT BELONGS

3 XYZXTM(18,2) - A LISY OF VTHE EXTREME VALUES OF
COORDINATES FOR THIS ANALYSTS, NOTE THAT AN ANALYSIS
NHICH USES SEVERAL KINDS OF ELEMENTS WILL PROBABLY
HAVE MIXED UP EXTREME VALUES,

bt XYINDX(2048) « THE SUBINDEX TO THE FILE

12.8.2.2 SUBINDEX

XYZNDX IS SET AS THE FILE SUBINDEX WITH A CALL TO
STINOX, EACH ENTRY IS A POINTER TO THE COMPLETE SET OF
COORDINATES FOR THFE GRIDPOINTS E«eGey XVZINDX(273) POINTS
TO ALL THE COOROINATES ASSOCIATED WITH THE 273RD NODE
(SEQUENTIALLY) IN THE ENTIRE STRUCTURAL MODEL,

12.8¢3 MSTRES

MSTRES IS THE MASS STORAGE STRESS FILE.
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12.8.3.14 MAIN INDEX

THE MAIN INDEX TO THE FILE IS NAMED SMASTER
ODIMENSIONED & WORDS.

WORD ADDRESS TO¢
1 SPLOTS(13) - THE ARRAY WHICH TELLS WHICH (IF ANY)
PLOTS ARE TO BE MADE.
IF SPLOTS(I) = 1, PLOT THIS STRESS,
IF SPLOTS(I) = 0, DO NOT PLOT THIS STRESS.
2 STRSNOX(2048) - THE FILE SUBINDEX
3 STRSXTM(13,2) - THE EXTREME STRESS VALUES.

12¢8+43.2 SUBINDEX

STRSNDX IS SEY BY A CALL TO STINDX. EACH ELEMENT
OF STRSNDX TS A POINTER YO THE SET OF STRESSES FOR AN
ELEMENT FOR ALL INTEGRATION POINTS, THUS, FOR LIBRARY
ELEMENT TYPE 8 FOR EXAMPLE, STRSNOX(456) POINTS TC A 7 *
7 ARRAY OF STRESSES (7 INTEGRATION POINTS)Y * (THE
STRESSES GGy HH, GH, MAXIMUM PRINCIPAL STRESS, MINIMUM
PRINCIPAL STRESS, MAXIMUM SHEAR STRESS, AND THE
HENCKY-¥ON MISES STRESS) FOR THE 456TH ELEMENT
(SEQUENTIALLY) IN THE ENTIRE STRUCTURAL MODEL.

12.8¢.4 MSIPXS

MSIPXS IS THE MASS STORAGE INTEGRATION POINTS
COORDINATES FILE,

12.8.,4s1 MAIN INDEX

THE MAIN INDEX OF THE FILE IS NAMED TIMASTER
DIMENSIONED 10 WORDS.

WORD ADORESS TO3
1 IPXSNDOX(2048) - THE SUBINDEX TO THE FILE
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2 PLOTLMN(29L48) - INDICATES ELEMENTS TO B PLOTTED
PLOTLMNC(I) = 1 MEANS PLOT ELEMENT I}
PLOITLMNC(I) = 0 MEANS DO NOT PLOT ELEMENT *1°

3 PLOTXYZ(2048) - INDICATES NOOES TO BE PLOTTED
PLOTXYZ(I) = {1 MEANS PLOT NODE I!
PLOTXYZ(I) = 0 MEANS DO NOT PLOT NODE *I°¢

12.844¢2 SUBINDEX,

IPXSNDX IS SET BY A CALL TO STINDX, EACH ENTRY
POINTS TO THE COMPLETE INTEGRATION POINT COORDINATE
ARRAY FOR AN ELEMENT., THUS, FOR LIBRARY ELEMENT TYPE 8
FOR EXAMPLE, TIPXSNDX(324) POINTS TO A 2 * 7 ARRAY XINT
(2 COORDINATES TO BE USED IN THE PICTURE) * 7
INTEGRATION POINTS PER ELEMENT) FOR THE 324TH ELEMENT
(SEQUENTIALLY) IN THE ENTIRE STRUCTURAL MODEL.,
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CHAPTER 13

‘WABS’

THE INPUT PREPROCESSOR

FOR °*SUBSTRC*
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*MABS* INPUT
ENTROOUCTION

13.1 INTRODUCTION

INPUT TO THE PROGRAM CONSISTS OF ALPHABETIC, INTEGER,
AND REAL VARIABLES ON CARDS OR CARD IMAGES. FOR BREVITY,
WHZ WORD °CARD’ NILL HEREAFTER BE UNDERSTDOD TO REFER TO
EITHER A CARD OR A CARD IMAGE,

THE PROGRAM USES FREE-FORMAT INPUT, AND ELIMINATES MUCH
OF THE (MIS)COUNTING WHICH IS USUALLY A LARGE PART OF FINITE
BLEMENT INPUT DAYA PREPARATION, VARIABLES ON A CARD ARE
SEPARATED BY A COMMA OR BY ONE OR MORE BLANKS, DATA ITEMS
MAY BEGIN IN ANY COLUMN ON A CARD, MAXIMUM NUMBER OF
OOLUMNS PERMITTED IS 80,

DATA ARE  ORGANIZED INTO BLOCKS THRU THE USE OF
¢OIFECTIVES® AND) °*END’ CARDS, THE BLOCKS ARE SOMETIMES
FURTHER SUBOIVIDED INTO CARDSETS, CARDSETS ARE INDICATED IN
PHIS MANUAL RY THE STATEMENT? *CARD M.N’, WHERE ®M¢ IS THE
NUMBER OF THE CARDSET, AND *N°* IS THE CARD IN THAT CARDSET,

THE INPUT DATA MUST BE IN THE FOLLOWING ORDER1
1. THIZI TITLF BLOCK, IF IT EXISTS.

2. THE LIBRARY BRLOCK, IF NO TITLE BLOCK EXISTS, THE
LI3RARY BLOCK MUST BE THE FIRST BLOCK.

3. ANY DTHER BLOCK, THE INTERSUBSTRUC TURE
CONNECTIVITY 8LOCK MUST, HOWEVZIR, BE INPUT AFTER
ALL THE SUBSTRUCTURES HAVE BEEN INPUT,

THREE TYPES OF DATA ARE READ RY THE PROGRAMt ALPHABETIC,
INTEGER, AND PREAL.

ALPHASETIC DATA ARE USED FOR LAPELS AND DOIRECTIVES,.
OIRECTIVE NAMES ARE SHOWN IN THIS MANUAL ENCLOSED IN DOUBLE
QUIOTES ("), ALPHABETIN DATA ARE INDICATED BY AN *A°* IN THE
°0ATA TYPE® COLUMN OF THE INPUT VARIABLE SPECIFICATION,

INTEGER DATA APE USED FOR ROOKKEEPING, INTEGER DATA
WARIASLES ARE INDICATEN BY AN ¢I* IN THE *‘0OATA TYPE? COLUMN
OF THE INPUT VAPIARLE SPECIFICATION, INTEGER DATA MUST NOT
GONTAIN A DECIMAL POINT,
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REAL DATA APE USED FOF COORDINATES, MATERIAL PROPERTIES,
BTz, REAL OATA VARIABLES ARE INDICATED BY AN *R‘ IN THE
¢DATA TYPE® COLUMN OF THE INPUT VARIABLE SPECIFICATION,.
REAL YARIABLES MAY CONTAIN A DECIMAL POINT,

13.141 FORMAT OF THE INPUT SPECIFICATIONS

EACH DATA BLOCK IS INTROOUCED BY A BRIEF DISCUSSION OF
PHE  INPUT POSSIABLE IN THE BLOCK., THIS IS FOLLOWED BY THE
SPECIFICATIONS FO® FEACH VARIABLE ON EACH CARD. THE
SPCCIFICATIONS ARE 1IN TURN FOLLOWED BY NOTES WHICH FURTHER
EXPLAIN ThE INPUT,

THE INPUT SPECIFICATIONS THEMSELVES ARE ORGANIZED INTO
FOURP COLUMNS?

THE FIRST COLUMN CONTAINS THE NOTE NUMBER TO WHICH YOU
ARS REFERRED FOR FURTHER INFORMATION CONCERNING THIS INPUT
CARDSET, CARD, OR VARIABLE,

THE SECOMD COLUMN CONTAINS THE DATA TYPE INDICATOR: *A¢
FO? ALPHABETIC, °I°* FOR INTEGER, AND ‘R®’ FOR REAL.

THE THIRD COLUMN IS THE VARIABLE NAME$ NAMES MHICH END
WITH °*DRC* ARE DIRECTIVES.

THE FOJRTH COLUMN IS A BRIEF DESCRIPTION OF THE
WARIABLE.
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13.2 TITLE

THIS BLOCK PERMITS THE TITLING OF OUTPUT, DEFAULT IS
eNO TITLE®,

CARDS ARE READ FROM THE INPUT FILE UNTIL A MAIN
BIRECTIVE IS ENCOUNTEREO. THESE CARDS ARE ALL LISTEOD ON THE
FIRST PAGE JF THE OUTPUT FOLLOWING THE SUBSTRC BANNER PAGE
€ONLY THE FIRST TITLE CARD WILL BE PRINTED ON THE HEACING OF
EACH SUBSTRC OUTPUT PAGE). THUS, AS THE FIRST WORD OF YOUR
PITLE VYJU SHOULDO AVOID USING WORDS WHICH BEGIN WITH THE
FIOST & CHARACTFRS OF ANY OF THE MAIN DIRECTIVES. THE TITLE
OARD(S) MUST BE THE FIRST CARD(S) IN THE DATA STREAM.

THE TITLE DATA ARE OPTIONAL. UP TO 80 COLUMNS OF TITLE

MAY BE ENTERED ON EACH TITLE CARD., UP TO 60 TITLE CARDS MAY
8 INPUT,

DATA
NOTES TYPE VARIASLE

CaRd)

A CAP) TITLF
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£3.3 LIBRARY

THE LIBRARY BLOCK SPECIFIES ITEMS TO BE CHOSEN FROM THE
AROGRAM LIBRARY TO BE USED IN THE ANALYSIS, THIS BLOCK MUSY

FOLLOW THE *TITLE’ BLOCK, IF THE °*TITLE® BLOCK EXISTS.
DATA
NOTES TYPE VARIABLE

(1) CaRd 1
A MAINDRC “LIBRARY"
CARD 2.1
A LIBRNRC “ELEMENTS*
CARD 2,2

2) I LMNTYPEL ELEMENT TYPE
I LMNTYPE?2 ELEMENT TYPE
I LMNTYPE3 ELEMENT TYPE

(3 CARD 3
A LIBRDRC “DEBUG™
1 DEBUG DEBUG SWITCH SETTING
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LI3RARY
u) CARD &t.1
A LIBRNRC “TYING TYPES™
CARD we2
(5) I TIETYPE NUMBER OF THE TYING TYPE
I NRETAIN NUMBER OF RETAINEO NODES
NOTES?

1. ALL OF THE OIRECTIVES NWHICH APPEAR IN THIS
BLOCK MAY BE ABBREVIATED TO THE FIRST L
CHARACTERS.,

2¢ THE ‘LMNTYPE* VARIABLES SELECT ELEMENTS FROM
THE ELEMENT LIBRARY, A MAXIMUM OF 3 TYPES MAY
BE SELECTED. NOTEs THIS BLOCK IS A MANDATORY
BLOCK?

3. USE THIS UNDER DIRECTION OF PROGRAM AUTHOR,.

ke THIS BLOCK IS MANDATORY 1IF THERE ARE TO BE
‘YIES® IN ANY SUBSTRUCTURE,

5 THE NUMBER OF RETAINEO NOOES DEPENOS ON THE
TYING TYPES SEE THE DISCUSSION ON TYING TYPES.

224




®WABS* INPUT
SU3STRUCTURE MODELING MAIN OIRECTIVE

£3.4 SUBSTRUCTURE MODELING

THESE DATA PEFINE THE MODEL TO SUBSTRG. SOME OF THF
BLOCKS ARE REQUIRED, OTHERS ARE OPTIONAL, DEPENDING ON THE
ANALYSIS, ALL OF THE SUBSTRUCTURE MODELING B8LOCKS MUST
FRZCEDE THE INTERSUBSTRUCTURE CONNECTIVITY BLOCK,.

THE FOLLOWING IS A LIST OF THE AVAILABLE OIRECTIVES 1IN
PHET SUBSTRUCTURE MODELING BLOCK.

BOUNDAPY CGONDITIONS OPTIONAL
CONNECTIVITY REQUIRED
COORDINATES REQUIRED
DISTRIBUTED LOADS OPTIONAL
EDGE NODES REQUIRED
GEOMETRY OPTIONAL
CONCENTRATED LOAOS OPTIONAL
PROPERTY REQUIRED
TRANSFORMAT IONS OPTIONAL
TIES OPTIONAL
HORK HARDENING OPTIONAL
END OPTIONAL

THE FOLLOWING DIRECTIVES ARE ALWAYS REQUIRED?

BOUNDARY CONDITIONS
CONNECTIVITY
COORDINATES

EDGE NODES

PROPERTY

NOTE THAT THE BOUNDARY CONDITIONS OPTION MUST BE
SPZCIFIED 1IN AT LEAST ONE SURSTRUCTURZ TO0 REMOVE THE
ROSSIBILITY OF RIGID BODY MOTION: IT IS NOT A REQUIPED
OPTION IN ALL OF THF SUBSTRUCTURES.
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SUBSTRUCTURE MODEL ING MAIN DIRECTIVE
DATA
NOTES TYPE VARIABLE
CARD 1
(1) A MAINDORC “SUBSTRUCTURE"™
(2) 1 NSBS NUMBER OF THE SUBSTRUCTURE
NOTESS
1. THIS DIRFCTIVE MAY NOT BE ABBREVIATED,

2e

SUBSTRUCTURES MAY BE INPUT 1IN ANY ORDER
DESIRED. A CONSISTENT PLAN SHOULD BE FOLLOWED,
HOWEVER, WHICH WILL ALLOW YOU TO EASILY
INTERPRET BOTH PROGRAM INPUT AND OUTPUT,
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£3.4¢1 BOUNDARY CONDITIONS

THE BOUNDARY CONODITIONS ARE THE CONSTRAINTS WHICH YOU
WiSH TO0 APPLY (O THE MODEL. SUBSTRC ALLOWS YOU TO SPECIFY
BISPLACEMENTS OTHER THAN ZERO AT THE NODES. THE WORO
“DISPLACEMENT™ IS HERE TAKEN AS A GENERAL TERM MEANING
BEFLECTION, ROTATION, TRANSLATION, ETC, DEPENDING ENTIRELY
ON THE OEGREE OF FREEDOM UNDER CONSIDERATION., THESE DATA
ARE REQUIRED IN AT LEAST ONE SUBSTRUCTURE IN THE OVERALL
MODEL TO PREVENT RIGID BODY MOTION OF THE MODEL.

THIS BLJCK MAY BE SELECTED ONLY ONCE PER SUBSTRUCTUPE,
OMIT THIS ENTYIRE BLOCK IF NO BOUNDARY CONDITIONS ARE TO BE
APPLIED TO A SUBSTRUCTURE.

DATA
NOTES TYPE VARIARLE

CARD 1
(1) A SUBSDRC “BOUNDARY CONDITIONS"
CARD 2.1
2) R FASTEN MAGNITUDE OF THE SPECIFIED
DISPLACEMENT
(3) 1 NFIRST THE NUMBER OF THE FIRST
NODE TO B CONSTRAINED,
ORy THE TOTAL NUMBER OF
NODES TO BE CONSTRAINED BY
THIS DATA BLOCK.,
(3) I NLAST THE NUMBER OF THE LAST
NODE TO B8E CONSTRAINED,
ORs Co
(u) I DFIRST THE NUMBER OF THE FIRST

DEGREE OF FREEDOM TO BE
CONSTRAINEDs ORs THE TOTAL
NUMBER OF DEGREES OF
FREEOOM TO BE CONSTRAINED,.
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(L)

(5)

(6)

(7

(8}

I

CARD

I

I

 §

CARD

I

1

DLAST

242 =NODE LIST-

NNODE (1)

NNODE (2)

NNOOE (NFIRST)

BOUNDARY CONDITIONS

THE NUMBER OF THE LAST
DEGREE OF FREEDOM YO BE
CONSTRAINED, OR, 0.

FIRST NODE T0 HAVE
DISPLACEMENT = *FASTEN’
PER CARD 2.1

SECOND NODE T0 HAVE
DISPLACEMENT = 'FASTEN'
PER CARD 2.t

LAST NODE 1O HAVE
OISPLACEMENT = *FASTEN'
PER CARD 2.1

2.3 -DEGREE OF FREEOOM LIST-

IDOF (1)

IDOF (2)

IDOF (DF IRSY)
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SECOND D.0.F. TO HAVE

DISPLACEMENT = *FASTEN'
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LAST D.0.Fe T0 HAVE
DISPLACEMENT = *'FASTEN'
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NOTES?

1.

2o

3.

be

5e

6

MODELING BOUNDARY CONDITIONS

THIS OIRECTIVE MAY B8E ABBREVIATED TO THE FIRST
4 CHARACTERS, I.Ees *“BOUN™

MAGNITUDE OF THE SPECIFIED DISPLACEMENT

YOU MAY SPECIFY AN INCLUSIVE RANGE OF NOOES TO
WHICH THE BOUNDARY CONDITIONS WILL BE APPLIED
BE ENTERING *NFIRST® AND *NLAST’ SUCH THAT 0 <
‘NFIRST® < *NLASTY, FOR EXAMPLEs TO SET
DISPLACEMENT OF NODES 2, 3+ 4y 54 AND 6 TO THE
VALUE OF *FASTEN® ON CARD 2.1, 'NFIRST* = 2 AND
*NLAST® = B

ALTERNATIVELY, You MAY SPECIFY THAT THE
BOUNDARY CONDITION IS TO APPLY TO A LIST OF
NODES. IN THIS CASE, *NFIRST?¢ = THE LENGTH OF
THE LIST, AND ‘NLAST* = 0O, D0 NOT OMIT
*NLAST ! YOU MUST THFM INCLUDE CARD 2.2 TO
LIST THESE NOODES.,

YOU MAY SPECIFY AN INCLUSIVE RANGE OF DeOoF.S
TO WHICH THE BOUNDARY CONDITIONS WILL BE
APPLIED B8Y ENTERING *DFIRST’ AND *DLASY® SUCH
THAT 0 < 'DFIRST®’ < °‘DLAST’, FOR EXAMPLE, TO
SET DISPLACEMENT OF DeOeFeS 2+ 39 4y 5, AND 6
TO THE VALUE OF *FASTEN’ ON CARD 2.1y ‘OFIRST’
= 2 AND °*OLASY® = b6,

ALTERNATIVELY, VYOU MAY SPECIFY THAT THE
BOUNDARY CONDITION IS TO APPLY TO A LIST OF
DeD¢FeSe IN THIS CASE, *OFIRST® = THE LENGTH
OF THE LIST, AND °*OLAST* = 0, OR IS OMITTED.
YOU MUST THEN INCLUDE CARD 2.3 TO LIST THESE
D.O.p.s.

INCLUDE THIS CARO IF, AND ONLY IF, A LIST OF
NODES IS TO 8E SPECIFIEDS ‘NLAST® = 0 ON CARD
21,

IF THE LIST LENGTH IS GREATER THAN 16, CONTINUE
THE LISTING ON ADDITIONAL CARD 242°S
IMMEDIATELY FOLLOWING, UNTIL THE LISY IS
SATISFIED., THE MAXIMUM LIST LENGTH PERMITTED
IS 128,
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7.

8.

MODELING BOUNDARY CONOITIONS

INCLUDE THIS CARD IF, AND ONLY IF, A LIST OF
DeO.F.S IS TO BE SPECIFIEDS °*OLAST’ = 0 ON CARD
2e1,

IF THE LIST LENGTM IS GREATER THAN 16, CONTINUE
THE LISTING ON ADDITIONAL CARD 23°S
IMMEDTIATELY FOLLOWING, UNTIL THE LIST IS
SATISFIED. THE MAXIMUM LIST LENGTH PERMITTED
IS 128,
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£3.4ke2 CONCENTRATED LOADS

CONCENTRATED LOADS ARE LOADS SPECIFIED AT NODES$ THESE
ARZ TYPICALLY FORCES AND MOMENTS, NOTE THAT NODE LOADS FOR
AXISYMMETRIC ELEMENTS ARE ACTUALLY LOADS ON A
GIRCUMFERENTIAL LINE AND THE VALUE INPUT SHOULD BE THE
INTEGRAL OF THE LOAD AROUND THE CIRCUMFERENCE OF THE MODEL.

CONCENTRATED LOADS ARE OPTIONAL INPUT, THIS BLOCK MAY
BE SELECTED ONLY ONCE PER SUBSTRUCTURE,

DATYA
NOTES TYPE VARIABLE

CARD 1
(1) A SUBSDRC “CONCENTRATED LOADS"™
2) CARD 2
I NODE NUMBER OQOF THE NODE TO BE
LOADED
R XLOAD(1) LOAD IN DIRECTION oF
D.0.Fs 1
R XLOAD(2) LOAD IN DIRECTION OF
DOOOF. 2
]
3 R XLOAD(NDOF) LOAD IN DIRECTION OF
DeOoFo ‘NDOF* FREEDOM AT
VTHE NODE.
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NOTESS

1.

2.

3

MODELING CONCENTRATED LOADS

THIS DIRECTIVE MAY BE ABBREVIATED TO THE FIRST
“ CHARACTERSy TeEey *“CONC*

IF THE LIST LENGTH IS GREATER THAN 7, CONTINUE
THE LISTING ON ADOITIONAL CARD 2°‘'S IMMEOIATELY
FOLLOWINGy UNTIL THE LISY IS SATISFIEC. THE
MAXIMUM LIST LENGTH PERMITTED IS 128. THE
CONCENTRATED LOADS FOR ALL DEGREES OF FREEDOM
MUSY BE GIVEN ON A SINGLE CARD(S) 2o
SUBSEQUENT INPUT OF CONCENTRATED LOADS FOR THE
SAME NODE WILL OVERWRITE ANY PREVIOUS VALUES
ENTERED,

THE NUMBER OF DEGREES OF FREEDOM AT A NODE

DEPENDS ON THE ELEMENTS SELECTED FORM THE

LIBRARY, *NDOF* IS THE MAXIMUM OF THE NUMBER

OF DEGREES OF FREEDOM OF THE ELEMENTS SELECTED.

THE FOLLOWING LISTS THE NUMBER OF OEGREES OF

FREEDOM FOR EACH ELEMENT TYPE IN THE L IBRARY?
1 AXISYMMETRIC SHELL
2 AXISYMMETRIC SOLID TRIANGLE
3 PLANE STRESS ISOPARAMETRIC QUAD
L VACANT

5 BEAM COLUMN

6 PLANE STRAIN TRIANGLE

7 LINEAR ISOPARAMETRIC BRICK

R DOUBLY CURVED SHELL TRIANGLE

9 3 DIMENSIONAL TRUSS

10 AXISYMMETRIC SOLIO QUAD

11 PLANE STRAIN QUAD

12 VACANT

13 OPEN SECTYION BFEAM

1t CLOSED SECTION BEAM

15 AXISYMMETRIC ISOPARAMETRIC SHELL

1€ ISOPARAMETRIC BEAM

17 VACANT

18 MEMBRANE QUAD

19 GENERALIZED PLANE STRAIN QUAD

2C 00OUBLY CURVED SHELL QUAD

21 QUADRATIC ISOPARAMETRIC BRICK

W ONWOEFFOOONNWODWNWONNDW
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13,643 CONMECTIVITY

THE CONNECTIVITY BLOCK DESCRIBES HOW THE ELEMENTS ARE
FORMED BY THE NODES. A MAXIMUM OF 3 ELEMENT TYPES IS
FERMITTED PER ANALYSIS, FEACH SEPARATE TYPE OF ELEMENT TO BE
EINPUT REQUIRES A DISTINCT “CONNECTIVITY* BLOCK.

DATA
NOTES TYPE VARIABLE

(1) CARD 1.1
2) A SUBSDORG “CONNECTIVIYYVY™
CARD 1,2
3) I LMNTYPE NUMBER OF THE ELEMENT IN
THE LIBRARY
CARD 1.3
(c) I NUME ELEMENT NUMBER
I NPIC1) NUMBER OF THE FIRST NOOE
OF THIS ELFMENT
I NPI(2) NUMBER OF THE SECOND NODE
OF THIS ELEMENT
L]
2 I NPICNNODE) THE NUMBER OF THE LAST

NODE OF THIS ELEMENT WHERE
NNODE IS THE NUMBER OF
NODES REQUIRED TO OEFINE
THE ELEMENT,
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NOTES?

1. A SEPARATE SET OF CONNECTIVITY CARDS 1IS
REQUIRED FOR ELEMENT TYPE IN A SUBSTRUCTURE.

2+ THIS DIRECTIVE MAY BE ABBREVIATED TO THE FIRST
4 CHARACTERS,y IeEey "“CONN"

3. THE NUMBER OF THE ELEMENTS IN THE LIBRARY, AND
THE NUMBER OF NODES ASSOCIATED WITH EACH NODE
OF THE ELEMENTS, ARE LISTED?

AXISYMMETRIC SHELL
AXISYMMETRIC SOLID TRIAMGLE
PLANE STRESS ISUPARAMETRIC QUAD
VACANT

REAM COLUMN
PLANE STRAIN TRTIANGLE

LINEAR ISOPARAMETRIC BRICK
DOUBLY CURVED SHELL TRIANGLE

3 OIMENSIONAL TRUSS

10 AXISYMMETYRIC SOLID QUAD

11 PLANE STRAIN QUAD

12 VACANT

13 OPEN SECTION BEAM

it CLOSED SECTION BEAM

15 AXISYMMETRIC ISOPARAMETRIC SHELL
1€ TISOPARAMETRIC BEAM

17 VACANT

18 MEMBRANE QUAD

18 GENERALIZED PLANE STRAIN QuAD

20 DOUBLY CURVED SHELL QUAD

21 QUADRATIC ISOPARAMETRIC BRICK 2c
IF THE LIST LENGTH IS GREATER THAN 16y CONTINUE
THE LISTING ON ADOITIONAL CAPD 3°'S IMMEDIATELY
FOLLOWING, UNTIL THE LIST IS SATISFIEO. THE
MAXIMUM LIST LENGTH PERMITVED IS 12%.

O N U EWN -

EFEFONMNNNOF EFNW®BWND FWN

ke THE PROGRAM READS AND THEN STORES THE ELEMENTS
IN THE PROPER NUMERICAL SEQUENCE. 17 IS
THEREFORE POSSIBLE, ANO IN SOME CASES,
MANDATORY, THAY ELEMENTS BE READ ouT OF
NUMERICAL SEQUENCE. BE CAREFULs» HOWEVER, TO
ENTER DATA IN A CONSISTENT MANNER TO ALLOW EASY
INTERPRETATION LATER,
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13.404 COORDINATES

COORDINATES DEFINE THE GEOMETRY OF THE ELEMENTS B8Y
GIVING THE LOCATION IN SPACE OF THE NODES. IN SOME CASES,
CONRDINATZS ARE USED TO DEFINE THE SHAPE OF A SURFACE
PHROUGH THE USE OF DIRECTIONAL DERIVATIVES AT A NOOE, IN
GENERAL, YOU WILL WISH TO INPUY A SEPARATE COORDINATES BLOCK
FO® EACH DISTINCT LIBRARY ELEMENTY TYPE IN THE SUBSTRUCTURE
FECAUSE SZACH TYPE WILL USUALLY HAVE A OIFFERENT NUMBER OF
COORDINATES PER NODE.

DATA
NMOTES TYPE VARIABLE

(1) CARD 1.1
(2) A SURSORC “COOROINATES*
CARD 1.2
I LMNTYPE ELEMENT TYPE TO WHICH THIS
NODE BELONGS
(3) CARD 1.3
I NODE NUMBER OF THIS NODE
(L) R X(14NODE) FIRST COORDINATE OF *NODE’
R X {2y NODF) SECOND COORDINATE OF
’NODE*
{5) R X (NyMODE) LAST COORDINATE OF *NODE°’
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NOTES?

t.

2

3.

5

MONELING COORDINATES

PEPEAT THIS CARD SET UNTIL ALL OF THE
COORMNINATES FOR A SURSTRUCTURE HAVE BEEN
ENTERED,

THIS DIRECTIVE MAY BE ABBREVIATED TO THE FIRST
L CYARACTERS, I+Ees *"COOR*™

CARD(S) 1.3 IS REPEATED UNTIL ALL THE
COORDINATES FOR ELEMENTS OF TYPE *LMNTYPCZ® HAVE
BEEN FNTERED.

THE NUMBER OF COORDINATES REQUIRED TO BZ READ
FOP FEACH NODE DEPENDS ON THE EFLEMENTY TYPE AS
LISTED1

1 AXISYMMETRIC SHELL

2 AXISYMMETRIC SOLID TRIANGLE

3 PLANE STRESS ISOPARAMETRIC QuUAD
L VACANT
5 BEAM COLUMN
6 PLANE STRAIN TRIANGLE
7 LINEAR ISOPARAMETRIC BRICK

8 DOOUBLY CURVED SHELL TRIANGLE
9 3 DIMENSIONAL TRUSS

1¢ AXISYMMETYRIC SOLID QUAD

11 PLANE STRAIN QUAD

12 VACANT

13 OPEN SECTION BEAM

it CLOSED SECTION REAM

1% AXISYMMETRIC ISOPARAMETRIC SHELL
1% TISOPARAMETRIC BEAM

17 VACANT

18 MEMBRANE QUAD

19 GENERALIZEDO PLANE STRAIN QUAD

20 DOUBLY CURVED SHELL QUAD

21 QUAORATIC ISOPARAMETRIC BRICK
THE OEFAULT VALUE OF ANY COORDINATE NOT READ IS
Ce NOTE THAT PROGRAMS *BFAMX* AND *SHELLX* ARE
AVAILABLE AS COORDINATE GENERATORS FOR ELEMENT
TYPES 84 134 AND 20,

Y

[WY
NP NN NVIANWDINNWHEWNNODDNN

[y

IF THE LIST LENGVH IS GREATER THAN 7, CONTINUE
THE LISTING ON ADDITIONAL CARD 1.3°S

236




eNABS* INPUT
SUBSTRUCTURE MODELING COORUDINATES

IMMEDIATELY FOLLOWING, UNTIL THE LISY IS
SATISFIED., THE MAXIMUM LIST LENGTH PERMITTED
IS 128,
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13.4,2 13TRIBUTED LOADS

DISTRIBUTED LOADS ARE LOADS WHICH EFFECT ENTIRE
BLEMENTS, AS OPPOSED TO LOADS WHICH ACT ONLY AT NOOES.
RHESE LOADS ARE TYPICALLY PRESSURE LOADS, BODY FORCE LOADS,
SRAVITY LOADS, ETCe. FOR THE SIGN CONVENTIONS WHICH RELATE
T0 LOAD DIRECTION, SEE THE ELEMENT DESCRIPTION,

THE DISTRIBUTED LOADS BLOCK MAY BE SELECTED ONLY ONCE
PER SUBSTRUCTURE,

DATA
NOYES TYPZ VAPIABLE

CARD 1
(1) A SUBSNRC “DISTRIBUTED LOADS*™
2 CARD 2.1
R DISTL VALUE OF THE DISTRIBUTED
LOAD
3) I TYPE TYPE OF DISTRIBUTED LOAD
CARD 2.2
€Y I LFIRST FIRSY ELEMENT T0 BE
LOADEDs OR, NUMBER oF
ELEMENTS TO0 BE READ FROM
CARD 2. 3
(L) I LLAST LAST ELEMENT TO BE LOADED,
ORs BLANK,
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SUBSTRUCTURE

(5) CARD
I
I

(g)  §

NOTESS

1.

2.

3.

b

5

MODELING OISTRIBUTED LOADS

2e3 =-ELEMENT LIST-

L (1) FIRST ELEMENT TO BE LOAOED
L(2) SECOND ELEMENT T0 BE
LOADED

[ ]
L(LFIRST) LAST ELEMENT TO BE LOADED

THIS DIRECTIVE MAY BE ABBREVIATED TO THE FIRST
4 CHARACTERS, I Eey *“DIST"™

THIS CARD SET IS REPEATED UNTIL ALL THE
DISTRIBUTED LOADS FOR A SUBSTRUCYURE HAVE BEEN
ENTERED,

THE TYPES OF DISTRIBUTED LOADS PERMISSIBLE WITH
EACH ELEMENT TYPE ARE OFTAILED IN THE ELEMENT
DESCRIPTIONS,

YOU MAY SPECIFY AN INCLUSIVE RANGE OF ELEMENTS
TO WHICH THE OISTRIBUTED LOADS WILL BE APPLIED
BY ENTFRING °*LFIRST’ AND ‘LLAST’ SUCH THAT C <
‘LFIRST® < *LLAST’, FOR EXAMPLE, TO APPLY THE
LOAD °*DISTL’ TO ELEMENTYS 2, 3, 4o 5, AND 6,
‘LFIRST® = 2 AND *LLAST’ = 6,

ALTERNATIVELY, You MAY SPECIFY THAT THE
OISTRIBUTED LOAD IS TO APPLY T0 A LIST OF
ELEMENTS, IN THIS CASE, ‘LFIRST? = THE LENGTH
OF THE LIST, AND *LLAST®* = 0, OR BLANK. You
MUST THEN INCLUDE CARD 2.3 TO LISYT THESE
ELEMENTS,

OMIT THIS CARD IF ALL ©THE ELEMENTS LFIRST
THROUGH LLAST INCLUSIVE ARE TO BE LOADED,
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MODELING DISTRIBUTED LOADS

IF THE LIST LENGYTH IS GREATER THAN 16y CONTINUE
THE LISTING ON ADDITIONAL CARD 243°S
IMMEOIATELY FOLLOWING, UNTIL THE LISTY IS
SATISFIED. THE WAXIMUM LIST LENGTH PERMITTED
IS 128,
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13.4.6 EDGEZ NODES

EDGE NODES ARE THOSE NODES WHICH LIE ON THE EDGES OF
SUBSTRUCTURES., THESE NODES SERVE T0 CONNECT THE
SUBSTRUCTURESe IT IS NOT PERMITTED TC PUY ‘TIED’ NODES INTO
PHIS LIST OF EDGE NODESS THEY MUST BE *RETAINED® NODES, OR
NODES WHICH ARE NOT INVOLVED WITH TIES. NOTE THAT THE EDGE
NOJES MAY BE INPUT IN ANY ORDER AS THE PROGRAM AUTOMATICALLY
SORTS THENM, WE RECOMMEND THAT VYOU PROCEED NEATLY AND
GONSISTENTLY, HOWEVER,

THE EDGE NODE BLOCK MAY BE INPUT ONLY ONCE PER
SU3STRUCTURE,.

DATA
NOTES TYYPT VARIABLE

CARD 1
(1) A SUBSORC “EDGE NODES"™
2) CARD 2
I N1 FIRST EOGE NODE
I N2 SECOND EDGE NODE
1]
*
I NLASTY LAST EDGE NODE
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SUASTRUCTUYRE MODELING EOGE NODES
NOTES?
1. THIS DIRECTIVE MAY BE ABBREVIATED TO THE FIRST

20

h CHARACTERS, Ie+Ees “EDGE™

IF THE NUMBER OF EDGE NODES EXCEEDS 16,
CONTINUE LISTING ON ADDITIONAL CARD 2°S UNTIL
ALL EOGE NODES HAVE BEEN ENTERED. THE MAXTMUM
LIST LENGTH IS 128,
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13.4,7 GEOMETRY

THE GEOMETRY BLOCK IS REQUIRED INPUT FOR SEVERAL
ELEMENTS, THOSE ELEMENTS ARE SO NOTED IN THE ELEMENT
BESCRIPTIONS,

THE GEOMETRY BLOCK ALLOWS INPUT FOR SEVERAL
MISCELLANEOUS PARAMETERS. THESE INCLUDE? ELEMENT THICKNESS
FOR SHELLS, THE BEAM CROSS SECTION NUMBER TO BE EMPLOYED,
BTC.

THE GEOMETRY BLOCK MAY BE INPUT ONLY ONCE PER
SU3STRUCTURE.

DATA
NOTES TYPE VARIABLE

CARD 1

(1) A SUBSDRC “GEQMETRY"

2) CARD 2.1

(3) R EGEQM1 GEOMETRY PARAMETER 1
R EGEOM2 GEOMETRY PARAMETER 2
R EGEOM3 GEOMETRY PARAMETER 3
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CARD

(L) I

(L) I

{5) CaAR)

I

(6)

NOTESS

| I

2o

3

MODELING GEOMETRY
242
LFIRST FIRST ELEMENT T0 BE
DESCRIBEDs OR, NUMBER OF
ELEMENTS TO BE READ FROM
CARD 2. 3
LLASTY LAST ELEMENT T0 8E
DESCRIBED
2¢3 <-ELEMENT (IST-
L (1) FIRST ELEMENT 10 BE
DESCRIBED
L(2) SECOND ELEMENT T0 BE
DESCPIBED
LILFIRST) LAST ELEMENT T0 3E
DESCRIBED
THIS DIPECTIVE MAY BE ABBREVIATED TO THE FIRST
b CHARACTERSy I Eey “GEOM*™

REPEAT THIS CARD SET UNTIL ALL THE “GEOMETRY"
INPUT FOR A SUBSTRUCTURE HAS BEEN ENTERED,

EACH
Y0 1.
YOU MUST ENTER BOTH

‘EGEOM3 ¢ DEFAULT
ONLY *EGEOM2°,
*EGEIM2°,

‘EGEOM1°*y *EGEOM2°, AND
IF AN ELEMENT REQUIRES
'EGEOM1* AND

YOU MAY SPECIFY AN INCLUSIVE RANGE OF ELEMENTS
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MODELTING GEOMETRY

TO WHICH THE GEOMETRY WILL B8E APPLIED B8t
ENTERING *LFIRST® AND ‘LLAST* SUCH THAT 0 <
FLFIRST? < *LLAST?, FOR EXAMPLE, TO SET THE
GEOMETRY PARAMETERS FOR ELEMENTS 24 3, L,y 5,
ANG H, °LFIRST® = 2 AND ‘LLAST’ = b.
ALTERNATIVELY, You MAY SPECIFY THAT THE
GEOMFTRY IS TO APPLY TO A LIST OF ELEMENTS. 1IN
THIS CASE, 2LFIRST? = THE LENGTH OF THE LIST,
AND *LLAST* = ¢y OR BLANK, YOU MUST THEN
INCLUDE CARD 2.3 TO LIST THESE ELEMENTS,

OMIT THIS CARD IF ALL THE ELEMENTS *LFIRST?
THROUGH *LLAST® ARE TO Bt OESCRIBED.

IF THE LIST LENGTH IS GREATER THAN 16s CONTINUE
THE LISTING ON ADDITIONAL CARD 2¢3°'S
IMMENIATELY FOLLOWING, UNTIL THE LISTY IS
SATISFIED, THF MAXIMUM LIST LENGTH PFERMITTED
IS 124,
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13.4.8 PROPERTY

THE PROPERTY BLOCK SPECIFIES THE LINEAR FLASTIC MATERIAL
PPOPERTIES OJF ESLEMENTS, PROPERTIES MUST BE SPECIFIED FOR
ALL ELEMENTS.,

THE PROPERTY SLOCK MAY BE ENTERED ONCE PER SUBSTRUCTURE.

DATA
NOTES TYPZ VARIARLE

CARD 1
(1) A SURSORC “PROPERTY*
CARD 2.1
(21 R F YOUNG®S MODULUS
(3) R NU POTSSON’S RATIO
(u) R SIGSTAR YIELD STRENGTH
CARD 2,2
(<) I LFIRST FIRST  ELEMENT  TO BE
DESCRIBED, OR, NUMBER OF
ELEMENTS TO BE READ FPOM
CARD 2. 3
() I LLAST LAST  ELEMENT T0 BE

DESCRIBED, ORs BLANK,
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(€) CARD 2.3 -ELEMENY LIST-
I L(1) FIRST ELEMENT T0 BE
DESCRIBED
1 L(2) SECONO ELEMENT 10 BE
OESCRIBED
(7) I L(LFIRST) LAST ELEMENT 10 BE
DESCRIBED
NOTES?®
1. THIS DIRECTIVE MAY BE ABBREVIATED TO THE FIRSY
L CHARACTERSy IeEes "PROP*™
2+ VYOUNG*S MODULUS MUST BE A POSITIVE NUMBER,
3. POISSON’S RATION MUST SATISFY 0 < NU ¢ 0.5
e SIGSTAR DEFAULY VALUF IS 1.,E10
Se¢ YOU MAY SPECIFY AN INCLUSIVE RANGE OF ELEMENTS
TO MHICH THE PROPERTIES WILL BE APPLIED BY
ENTERING *LFIRST® AND ‘LLAST* SUCH THAY C <
'LFIRST® < *LLAST’, FOR EXAMPLE, TO SET THE
PROPERTIES OF ELEMENTS 2o 3y 44 54 AND 6,
*LFIRST? = 2 AND °LLAST* = b,
ALTERNATIVELY, YOU MAY SPECIFY THAT THE
PROPERTIES ARE TO APPLY TO A LIST OF ELEMENTS.,
IN THIS CASEs COLFIRST®* = THE LENGTH OF THE
LIST, AND *LLAST®* = 0. YOU MUST THEN INCLUOE
CARD 2.3 TO LIST THESE ELEMENTS.,
be OMIT THIS CARD IF ALL THE ELEMENYS LFIRST

THROUGH LLAST INCLUSIVE ARE TO BE DESCRIRGED.
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7

IF THE LIST LENGTH IS GREATER THAN 169 CONTINUE
THE LISTING ON ADODITIONAL CARD 23°'S
IMMEOTATELY FOLLOWING, UNTIL THE LIST IS
SATISFIED, THE MAXIMUM LIST LENGTH PERMITTED
IS 128,
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15.4.9 TIES

THE TIES BLOCK PERMITS ENTRY OF CONSTRAINTS BETHWEEN
NOOJES. THIS DIFFERS FROM BOUNDARY CONDITIUNS IN THAT THE
FOUNDARY CONDITIONS SPECIFY CONSTRAINTS BETWEEN NODES AND
PHZ EXTERIOR OF THE STRUCTURE. THE TIES BLOCK ALSO ALLOWS
YOU TO JOIN ELEMENTS OF DIFFERENT TYPES.

THE DATA INPUT IN THE TIES BLOCK REQUIRES *TYING TYPES'
MATA 3E INPUT IN THE LIBRARY BLOCK,

A SEPARATE TIES BLOCK IS REQUIRED FOR EACH TYING TYPE
USZD IN THE SUBSTRUCTURE,

DATA
NOTES TYPE VARIAALE

(v CARD 1
A SUBSDORC “TIES*™
CARD 2
(2) I NTYTYP TYING TYPE NUMBER
CaRD 3
(3) I TIEDNODE NUMBER OF THIS TIED NOOF
I RETNODE (1) FIRST RETAINED NOODE
¢ RETNODE (2) SECOND RETAINZD NODE
(=) 1 RETNODE (NRFT) LAST RETAINED NODE
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NOTES?

1.

MODELING TIES

THIS CARD SET IS REPEATED UNTIL ALL THE TIES OF
A DISTINCTY TYING TYPE HAVE BEEN ENTEREO. THE
TYING TYPES AVAILABLE ARE AS FOLLONWS

A TYING TYPE *N°® WHICH IS LESS THAN THE MAXTIMUM
NUMBER OF ODEGREES OF FREEOOM *NDJOF¢ IN THE
ANALYSIS CONSTRAINS NEGREE OF FREEOOM °N’ AT
THE TIED NODE YO BE EQUAL TO THE DISPLACEMENT
OF D.9,Fs *Nf OF THE RETAINED NODE.

A TYTNG TYPE N’ WHICH IS GREATER THAN *NDOF°*
AND NOT EQUAL TO ANY OF THE SPECIAL TYPES
AVAILABLE BELOW CONSTRAINS ALL D.0.FeS AT THE
TIED NODE TO ALL THE 0.0.FeS AT THE RETAINED
NOODE.

A TYING TYPE < ¢ INDICATES THAT THE USER HAS
ESTARLISHED A SPECIAL TYING TYPE. THE PROGPAM
WILL AUTOMATICALLY CALL THE SPECIAL SUBROUTINC
'UFORMS? TO PERFORM THE TYING CALCULATIONS,

TYPE 18 JOINS TOGE THER BOUNDARTES OF
INTZPSECTING SHELL ELEMENTS (8 & 20) WHICH LIE
ON DIFFERENY SURFACES. AN EXAMPLE OF THIS
WOULD BE A SPHERE-CYLINOER JUNCTION. THE TIED
NODE MUST ALSO BE ENTERED AS A PRETAINED NODE.
THTIS IS A FULL MOMENT CARRYING JOINT.

TYPE 19 JOINS A NODE OF BEAM ELEMENT 13 TO A
NODE OF A DOUBLY CURVED SHELL ELEMENT (ELEMENT
TYPES 8 &t 209, THWO RETAINED NODES ARE
REQAUIRED, BOTH OF WHICH ARE SHELL NODES AND
WHICH LIF ALONG ONE OF THE CURVATURE DIRECTIONS
OF THE SHELL.

TYPE 23 JOINS AN AXISYMMETRIC SOLID ELEMENT TO
AN AXISYMMETRIC SHELL ELEMENT (ELEMENT TYPE 1),
BOTH TIED ANO RETAINED NODES MUST BE
TRANSFORMED 70O LOCAL COORDINATES,
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2o

3.

L.

MODELING TIES

TYPE 28 IS SIMILAR TO TYPE 18, BUT IS A PINNED
CONNECTION, RATHER THAN MOMENT CARRYING.

TYPE 704 TIES A NODE OF A LINEAR BRICK (TYPE 7)
TO THE FACE OF ANOTHER LINEAR BRICK. THE
RETAINED NODES ARE THE &4 CORNER NODES OF THE
BRICK FACE TO WHICH THE NOOE IS TIED.

DATA IN THE TIES B8LOCK IS PHYSICALLY FAR
REMOVFED FROM THE LIBRARY BLOCK (WHICH CONTAINS
THE TYING TYPE OATA),IT IS EASIER TO MAKE A
MISTAKE HERE THAN ELSEWHERE. PLEASE CHECK THAT
THE LIBRARY BLOCK HAS BEEN USED TO SELECT THE
PROPER TYING TYPES!

CARD 3 IS REPEATED AS OFTEN AS NECESSARY TO
ENTER ALL THE TIES OF THIS PARTICULAR TYPE,
NOTE THAY IN SOME TYING TYPES, SOME TIEDO NODES
MUST ALSO BE ENTERED IN THE RETAINED LIST.

NRET IS THE NUMBER OF RETAINED NOOES AS ENTERED
IN THE LIBRARY BLOCK ‘TYING TYPES?, IF THE
LIST LENGTH IS GREATER THAN 16, CONTINUE THE
LISTYING ON ADDITIONAL CARD 3°'S TIMMEOIATELY
FOLLOWING, UNTI. THE LIST IS SATYISFIED. THE
MAXIMUM LIST LENGTH PERMITYED IS 128,
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13,5 INTERSUBSTRUCTURE CONNECTIVITVY

EACH SUBSTRUCTURE MAY BE THOUGHT OF AS A LARGE OR SUPER
ELZMENT. EACH OF THESE SUPER ELEMENTS MUST BE CONNECTED TO
PH- APPROPRIATE NODES OF THE OTHER SUPER ELEMENTS 1IN THE
ANALYSIS,. THIS FUNCTION IS PERFORMED THRU THE
INTERSUBSTRUCTURE CONNECTIVITY ARRAY, HEREAFTER REFERRED TO
AS THE *ISC* ARPRAY,

THIS ARRAY IS ORGANIZED WITH COLUMNS NUMBERED FOR THE
SUSSTRUCTURZS AND THE ROWS NUMBERED FOR EACH CONNECTION.

THE ISC ARRAY IS REQUIRED INPUT.

DATA
NOTES TYPE VARIABLE

carD 1

A MAINDRC *INTERSUBSTRUCTURE
CONNECTIVITY™

carkp 2

A 1s¢cnec “READ*"

CARD 2

I NROWS NUMRFR OF ROWS IN THE

*ISC* ARRAY
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INTERSUBSTRUCTURE CONNECTIVITY (“ISC*)

CARD

(B3 CARD
2} I

I

I
3) I
(3) I

(«) CARD
A
NOTESS
1.

el
ISS NUMBER OF THE
SUBSTRUCTURE, THIS IS
IDENTICAL TO THE COLUMN
NUMBER OF THE ARRAY,
IRONS NUMBER OF ROWS TO BE READ
FROM CARD 4.2
IFIRST *I1SC’ ARRAY ROW NUMBER
INTO WHICH THE FIRST TERM
APPEARING ON CARD &.2 IS
TO BE ENTERED
be2
ISC(IFIRST,ISS) EDGE NODE NUMBER, OR ZERO
ISCIIFIRST+15,1SS) EDGE NODZ NUMBERs OR ZERO

-

b

ISCORC “END*

CARPDS o1 AND 4,2 ARE REPEATED AS A SET UNTIL
THE FNTIRE *ISC* ARRAY HAS BEEN READ. IF, ON
CARD Lo1, *IROMS’ > 16, THEN CARD 4.2 WILL
EXTEND TO MORE THAN ONE CARD. NWNOTE THAT LONG
STRINGS OF ZEROES MAY BE AVOIDED 8Y SPECIFYING
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CARDS Lo1 AND 442 TO READ IN ONLY NONZERG °ISC’
TERMS. IN FACT, TAKEN TO THE LIMIT, ONE COULD
READ IN A SET OF CARDS FOR EACH NONZERO TERM IN
THE ¢ISC* ARPAY,

*ISS’ IS THE NUMBER OF THE SUBSTRUCTURE. THUS,
THE ENTRY OF THE DATA MAY BE DONE IN ANY ORDER?S
IT NEED NOT BE ENTERED IN NUMERICAL ORDER.
NUMERICAL ORDER IS RECOMMENDEDy HOWEVER,
BECAUSE IT HELPS YOU KEEP TRACK OF YOUR INPUT,.

THE TOTAL NUMBER OF *ISC* ENTRIES MUST BE
*IROWS® FROM CARD &e.1e THUS, IF ‘IROWS’ > 16,
CAPD 4,2 MUST B8BE REPEATED, A MAXIMUM OF 16
*ISC* ENTRIES PER CARD, UNTIL *IRONWS’ IS
SATISFIED,

OPTIONAL CARO. RECOMMENDED FOR NEATNESS.
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13.6 ANALYSIS DIRECTIVES

THE ANALYSIS ODIRECYIVES DESCRIBE THE PROBLEM AND
ANALYSIS PROCEDURES TO SUBSTRC, THIS IS AN OPTIONAL BLOCK.
ANY OR ALL OF THE DIRFCTIVES IN THIS BLOCK MAY BE COMBINED
IN ANY ANALYSIS,

DATA
N3TES TYPE VAFIABLE

(1) CARD 1
A MAINDRC “ANALYSIS DIRECTIVES™
(2) CARD 2.1
(3) A ANALDRC “ALL POINTS"™
(v) CARD 2.2
(5) a ANALDRC “CENTER POINTS"
(6) CARD 2.3
(7) a ANALDRC *“ISOTROPIC HARDENING™
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KNALYSIS DIRECTIVES

CARD

CARD

(8) A

(9) A
(10) CARD

(11 A

NOTES?

i.

2o

3.

b,

el
ANALDRC “KINEMATI HARDENING®™
2¢5
ANALDRC “LARGE DISPLACEMENT™
26
ANALDRC “SMALL DISPLACEMENT™
ANY OF THE ANALYSIS DIRECTIVES MAY BE

ABBREVIATED TO THE FIRST ¢ CHARACTERS,

ANY CARD OF THIS BLOCK MAY BE SELECTED FOR AN
ANALYIS. SOME DIRECTIVES CANCEL THE EFFECTS OF
OTHERS,

THIS OIRECTIVE SELECTS EVALUATION AND PRINTING
OF STRESSES AT ALL OF THE ELEMENT INTEGRATION
POINTS., THIS OPTION IS ALSO AUTIMATICALLY
SELECTED B8Y THE “*“LARGE OISPLACEMENT™ GOPTION.
IT IS TO B8E USED FOR NONLINEAR ANALYIS, AND
WHEN A MORE COMPLETE PICTURE OF THE CSLEMENT
STRESS DISTRIBUTION IS DESIRED,

THIS IS THE PROGRAM OEFAULT, THIS OIRECTIVE
CANCELS *ALL POINYS*", THIS DIRECTIVE SELECTS
EVALUATION AND PRINTVING OF STRESSES AT A SINGLE
INTEGRATION POINT 1IN EACH ELEMENT. THE POINT
USED IS THE FIRST INTEGRATION POINT OF THE
ELEMENT, WHICH USUALLY LIES AT THE CENTROID OF
THE ELEMENT, BUT WHICH VARIES DEPENDING ON THE
ELEMENT, PLEASE CHECK THE ELEMENT DESCRIPTIONS
FOP THE LOCATIONS OF THE ELEMENT INTEGRATION
POINTS.

256




®NABRS* INPUT

ANALYSIS DIRECTIVFES

5.

be

7Te

8.

THIS IS THE PROGRAM DEFAULT. THIS OIRECTIVE
CANCFLS “KINEMATIC HARDENING*. THIS OIRECTIVE
SELECTS ISOTROPIC HARDENING AS THE RULE FOR
NON-LINEAR MATERIAL BEHAVIOR,

THIS DIRECTIVE CANCELS *“ISOTROPIC HARDENING™,
THIS DIRECTIVE THIS OIRECTIVE SELECTS KINEMATIC
HARDENING AS THE RULE FOR NON-LINEAR MATERIAL
BEHAVIOR,

THIS DOIRECTIVE CANCELS “*SMALL DISPLACEMENT*.
THIS DIRECTIVE SELECTS THE USE OF HIGHER ORDER
TEPMS IN THE FINITE ELEMENT APPROXIMATION TO
THE DISPLACEMENT FUNCTION., IV SHOULD B8E USED
FOP NON=-LINEAR ANALYSIS,

THIS IS THE PROGRAM DEFAULT, THIS DOIRECTIVE
CANCELS *“LARGE ODOISPLACEMENT®”., THIS DIRECTIVE
SELZCTS ONLY THE FIRST ORDER APPROXIMATION TO
THE FINITE ELEMENT DISPLACEMENT FUNCTION.
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13.7 S3EAM CROSS SECTION DEFINITIONS

THIS OPTIONAL BLOCK PERMITS

THE INPUT OF ELEMENT 13

COPEN SECTION BEAM ELEMENT) CROSS SFCTION PROPERTIES.

DATA
NOTES TYPE VAPIASBLE

CARD 1
(1) A MAINDRC
(2) CARD 2.1
{2) I BEAMNBR
(%) A CARD
CARD 2.2
(%) I NBRANCH
I NOIV (1)

I NDIV(2)

258

“BEAM CROSS SECTIONS™

NUMBER OF THE BEAM CPOSS
SECTION

LABELING OF THIS CROSS
SECTION

NUMBER OF BRANCHES TO
DEFINE THE CROSS SECTION.

THE (EVEN) NUMBER OF
DIVISIONS IN THE FIRST
BPANCH,

THE (EVEN) NUMBER oF
DIVISIONS IN THE SECOND
BRANCH,




TWABS?

INPUT

BEAM CROSS SECTION DEFINITIONS

(e)

16)

I NOIV(NBRANCH)

CARD 2.3
R X1

R vi

R ox1

R ovi

R X2

R Y2

R Ox2

R py2

259

THE (EVEN? NUMBER OF
DIVISIONS IN THF  LAST
BRANCH,

THE CROSS SECTION X
COORDINATE AT THE
BEGINNING OF THE BRANCH,.
THE CROSS SECTION Y
COORDINATE AT THE
BEGINNING OF THE BRANCH,
DERIVATIVE oF X WITH
RESPECT TO S (ARC LENGTH)
AT THE BEGINNING OF THE
BRANCH,

DERIVATIVE OF Y WITH
RESPFCT T0 S AT THE

BEGINNING OF THE BRANCH.

THE CROSS
COORDINATE AT THE
THE BRANCH,

SECTION X
ND OF

THE CROSS SECTION Y
COORDINATE AT THE END OF
THE BRANCH.

DERIVATIVE oF X WITH
RESPECT TO S AT END OF THE
BRANCH.

DFRIVATIVE oF Y WITH
RESPECT TO S AT END OF THE
BPANCH,




&WABS* INPUT
BEAM CROSS SE

CARD
R

R

{(7)

(8) CARD

A

NOTES?

1.

2o

3.

e

5e

CTION OEFINITIONS

2o le
ARLONG LENGYH OF THE BRANCH,
T1 THICKNESS OF THE BRANCH AT
THE BEGINNING OF THE
BRANCH.
T2 THICKNESS AT THE END OF
THE BRANCH,
3
MAINDRC "“END*
ALL OF THE DIRECTIVES MAY BE ABBREVIATED TO THE

FIRST 3 CHARACTERS,
CARD SET 2 IS REPEATED UNTIL ALL THE BEAM CROSS
SECTION DESCRIPTIONS HAVE BEEN ENTERED.

BEAM CROSS SECTIONS ARE
UNIQUE USER-DEFINED CROSS SECTION IDENTIFIER
*BFAMNBR’, *BEAMNBR®* IS REFERRED TO THROUGH
PARAMETER *EGEOM2* OF THE “GEOMETRY™ BLOCK IN
THE APPROPRIATE SUBSTRUCTURES. THESE MUST BE
NUMBERED CONSECUTIVELY (NO OMISSIONS® AND
INPUT IN NUMERICAL ORDER.,

ASSOCIATED WITH A

THE LABEL HERE IS PRIMARILY FOR YOUR OWN
REFERENCEs AS SUBSTRC MERELY READS THIS AND
PRINTS IT, IT SHOULD BE INFORMATION WHICH WILL
HELP YOU REMEMBER WHAT YOU ARz DOING IN THIS
ANALYSIS.

*NBRANCH® CONTROLS THE NUMBER OF CARDS 2.3 AND

2ot T0 BE READ IN THIS CROSS SECTION
OESCRIPTION. THE MAXIMUM VALUE *NBRANCH®* MAY
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eWABS Y INPUT
BEAM CROSS SECTION DEFINITIONS

ASSUME IS 15, NOTE THAT THE TOTAL NUMBER OF
DIVISIONS (THE SUM OF NDIV(1) THRU
NDIV(*NBRANCH?) MUST BE EVEN, AND LESS THAN OR
EQUAL TO 30.

6o X1 AND Y41 NEED BE SPECIFIED ONLY ONCE (ON THE
FIRST CARD 2.3)y AS EACH SUCCESIVE BRANCH MUST
START FROM THE END OF THE PREVIOUS BRANCH,
SUCCFSSIVE CARD 2,3‘’S CONTAIN ONLY THE 6
ENTRIEST Ox1, OYL, X2y Y2, DX2, OV2,

7. T2 DEFAULTS TO Ti IF IT IS LEFT BLANK,

8. OPTIONAL CARD, RECOMMENDOED FOR NEATNESS.
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13.8 LOADING HISTORY

THESE OPTIONAL DATA CONTROL THE APPLICATION OF LOAD TO
THS MATHEMATICAL MODEL AFTER THE INITIAL LJOADING,

DATA
NOTES TYPE VAPIABLE

n CARD 1t
A MAINORC “LOADING HISTORY™

(2) CARD 2.1
A LOADNRC *“PROPORTIONAL INCREMENT™
CARD 2.2

3) R FACTYQ MULTIPLIER OF THE PREVIOUS

LOAD INCREMENT
NOTES?

1. ALL OF THE DIRECTIVES MAY BE ABRAREVIATED TO THE
FIPST & CHARACTERS,

2+ THIS CARD SET IS REPEATED AS OFTEN AS NECESSARY
TO COMPLEYELY DEFINE THE LOADING HISTORY OF THE
PROBLEM,

3, SAY THE DESIRED LOANING SCHEDULE IS 1000, 20CC,
2100, 2125. THE INPUT OATA TO PRODUCE THIS
LOADING HISTORY REQUIRES THAT THE INITIAL LOAD
8€ APPLIED 1IN THE APPROPRIATE SUBSTRUCTURES
THFY THE USE of EITHER DISTRIBUTED OR
CONCENTRATED LOADS, ANDO THE FOLLOWING INPUT BE
PROVIDED IN THE LOADING HISTORY RLOCK?
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€WABS ¢ INPUT
LOADING HISTORY

LEYTING

STEP I AND

PROP
1.0
PROP
0.1
PROP
0.25

‘LOAD
‘OELLOAD I AS THE

FRO¥ *LOAD
PRUGRAM USES VALUES OF *FACTO’

LOAD LEVELS

L0AD1

LOAD?2

OELLOADR

LOAD3

DELLOADS3

LOADL

([t}

Il

I* 70

INDICATE

‘LOAD I+1°,

AS FOLLOWS?:

DELLOADL = 100¢C

LOAD
WE SHOW THAT

T3 INCREASE

LOADL + ( FACTO*DELLOADL )

1000
2000

FACTYO
LOAD2

FACTO
LOAD3
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+ ( i,c*1000 )

* DELLOADL = .1 * 1000
+ DELLOAD2 = 2000 + 106G
¥ DELLOAD2 = .25 * 100
+ DELLOAD3 = 2100 + 25

THE LOAD VALUE AT
INCREMENT

THE
THE

i00
210G

25
2125
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SOLUTION DIRECTIVES

£3.9 SOLUTION DIRECTIVES

THIS BLOCK OF TINFORMATION ALLOWS YOU TO DIRECT THE
SOLUTION OF THE PROBLEM., THIS IS AN OPTIONAL B3LOCKS FOR A
“SMALL®™ ANALYSIS (ONE IN WHICH THE ENTIRE PROBLEM CAN BE RUN
AT ONE TIME), THIS BLOCK MAY NOT NECESSARY,

THE FOLLOWING IS A LISY OF THE AVAILABLE DOIRECTIVES 1IN
PHZ SOLUTION DIREGCTIVES RLOCK,

GO (DEFAULT)
NOGO

GOERRGRS
DECOMPOSITION
EDGE NODES
RELAXKATION
RESTART

DATA
NOTES TYPE VAFIABLE

(1) CarRl} 1
A MAINDRC “SOLUTION DIRECTIVES™
CARD 2

(2) A SOLUNRC “Go*™
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SOLUTION DIRECTIVES

CARD

CARD

(3) A
L) A
(s) CARD
(&) A
(7) CARD
A
(8) CARD
A
(9 CARD
A
NOTES?
i.
2
3o

3

SOLUDRC

L

SOLUDRC

5.1

SOLYDRC

5¢2

SOLUDRC

£e3

SOLUORC

&

SOLUDRC

ALL 0F

“NOGO*™

“GOERRORS "™

“DECOMPOSE"™

“EDGE NODES™

“RELAXATION®™

“RESTART"™

SOLUTION DIRECTIVES MAY B8E

ABBREVIATED TO THE FIRST L CHARACTERS,

EXECUTE THE ANALYSIS,

STOP AFTER CHECKING THE OATA - THIS OPTION IS
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CWABS ' INPUT

SCLUTION DIRECTIVES

Be

B

9.

PRIMAPILY USED IN UPDATING AND MODIFYING THE
PROGRAM, AND IN CHECKING THE DATA,

PERMITS SOLUTION TO CONTINUE EVEN THOUGH THEPE
ARE INPUT ERRORS., FXERCISE CAUTION WHEN USING
THIS OPTION,

SELFCTION OF ANY CARD IN CAPD SET 5 EXCLUDES
THZ USE OF ANY OTHEP CARD IN SET 5, CAFOQ SET 5
AND CARD 6 ARE ALSO MUTUALLY EXCLUSIVE,

THIS DIRECTIVE SIGNALS THAT A SUBSTRUCTURE
STIFFNESS MATRIX IS TO B8F DcCOMPOSED WITH ALL
THE EDGE NODFS CONSTRAINED (COMPLETELY FIXFO).

ANALYZE THE STIFFNFSS OF THE ZIDGE NOODES CNLY.
RELAX THE CONSTRAINTS OF COMPLETS FIXITY ON THE
SURSTRUCTURE BORDFRS, EACK SUBSTITUTE, AND
PRINT ALL THE RFQUIRED OUTPUT,

PESTART A NONLINEAR ANALYSIS FROM A PREVIOUS

CONDITIONs, USE OF THIS OPTION IS MUTUALLY
EXCLUSIVE WITH ANY OPTION IN CARD SET 5.
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A NONLINEAR EXAMPLE

CHAPTER 14
A NONLINEAR EXAMPLE

14.1 INTRODUCTION

NOTE: 1 in. =
1l psi =
1 pound

.54 cm 3
.895 x 10~ Pa
0.453 kg

Preparing data for a nonlinear analysis is similar to doing it for a '"one shot"

o~

linear analysis. All of the tools for data generation are applicable. If plasticity
is anticipated, additional work involves input of a uniaxial material curve. The
most difficult task is specifying load increments and picking a tolerance ratio for
resulting incremental displacements. Until the user has sufficient experience with
a class of problems, it will be necessary to input different tolerances and different
load step sizes to determine the solution's sensitivity to such variations.

A general word of caution is appropriate here. A grid work that produces per-
fectly good linear results may not be fine enough to model the nonlinear behavior
of a structure. This is because the linear solution might have displacements that
vary gradually with respect to position on the surface. A relatively coarse grid
pattern could adequately model such behavior. The nonlinear solution, however,
might have displacements that vary rapidly with respect to position on the surface.
A finer grid must model this. An example of such a situation is a pressure loaded,
axisymmetric cylinder. 1In a linear analysis the radial displacement would not
vary going around the circumference; whereas for a nonlinear analysis a multiwave
displacement pattern could develop, requiring more elements in the circumferential

direction.

14.2 MATHEMATICAL MODEL
14.2.1 Physical Data

We choose to model a circular ring of radius 20.0 in., width 2.6 in. and thick-
ness 0.4 in. Young's Modulus and Poisson's ratio were taken as 3EQ7 psi and 0.3
respectively. This particular model was treated earlier in {JONES77} using the

triangular shell element 8. Here the 2-dimensional beam element 16 is used.
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The ring is known to deform elastically in two waves around the circumference.

The buckling pressure P is given by:

P = 3EI/R3

where E, I, and R are Young's Modulus, cross section moment of inertia, and the
centroidal radius, respectively. For this model P = 60 psi. For the material non-
linearity a hypothetical work hardening curve was used that takes effect at a pro-

portional limit stress of 2400 psi. The material curve is shown in Figure 14.1.

14.2.2 Modeling Considerations

A sketch of the model is shown in Figure 14.2. The anticipated buckling pattern
allowed the modeling of only 90 deg of the ring. Symmetry boundary conditions were
imposed on the nodes at 0 and 90 deg. Element type 16 has four degrees of freedom
per node. The boundary conditions imposed were one displacement and one rotation
set equal to zero at each of the ends.

The model was divided into two substructures of 45 deg, each containing three
elements.

Two methods have been successfully employed to perturb an axisymmetric model out
of an axisymmetric deflection pattern: kicker loads and imperfect geometry. The
first method, which was used in this example, is to apply a small, concentrated
radial load at one point. The load used here was 0.340E-05 pounds applied in the
negative Y direction to node one of substructure one. At the same time a small
initial pressure load of 0,10E-07 psi was applied to the whole structure. Note that
both loads are increased when che Proportional Increment option is used. The program
applies the initial loads linearly. For all subsequent load steps higher order terms
are included in the displacement equations. For this reason the initial loading is
always small, to "turn on" the nonlinear analysis as soon as possible.

The second method of perturbation involves making slight changes to the coordi-
nates of tue '"perfect'" model. If all possible mode shapes are included in the

coordinate perturbation, the model will not be artificially forced into a particular
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mode. It was reported in {JONES77} that imposing a four wave mode shape on this
model prevented the model from buckling in the critical two wave modes and forced it

into the four wave modes with a pressure of 300 psi.

14.3 INPUT TO "SUBSTRC"
The extreme simplicity of this model rade it possible to generate all of the

data manually.

14.4 CASES RUN

In a nonlinear analysis, at each load step incremental displacements are
estimated prior to an analysis and calculated at the end of the analysis. The user
must specify for a particular monitored degree of freedom how close those two dis-
placemcntc must ke, using the input tolerance ratio FRCTOL. For example, a FRCTOL
of 1.05 corresponds to a tolerance of five percent. The tolerance ratio is dis-
cussed in {JONES73} and {JONES77}. It should be kept in mind that FRCTOL is applied
to incremental displacement not to total displacement. It is an imprecise measure
of accuracy because it compares current incremental displacement only with the pre-
vious estimate, not with the "actual" value. Thus a chosen FRCTOL of 1.05, for
example, does not mean that incremental displacements are guaranteed to be within
five percent of the "actual' value (where the "actual" value could be defined as the
value achieved with FRCTOL of 1.0). It only means that tolerance will be considered
satisfied when the incremental displacement for the nth iteration is within five
perce..L. of that calculated for the (n—l)th iteration.

Data for this model was run a total of four times. For the first two runs the
proportional limit stress was set high to keep the analysis elastic. For the first
run the tolerance ratio for the monitored displacement, FRCTOL, was set to 1.2. For
the second run it was tightened to 1.0l to see how sensitive the results were.
Figure 14.3 shows a plot of monitored displacement, radial under the perturbing load,
versus applied pressure. As the displacements became more nonlinear, the difference
in displacements for the two cases became more pronounced. However, in both cases

there was a sharp change in slope between 56 and 59.5 psi indicating approaching
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buckling. Thus if a predicted buckling pressure was the result sought, the looser
tolerance was acceptable. It should be noted that for a buckling analysis, unless
the user has previous experience with a particular type of structure, he shouldn’'t
be satisfied with a single run.

Cases 3 and 4 were run with a proportional limit stress of 2400 psi. The work
hardening option was selected for the material curve in Figure 14.1. The looser
displacement tolerance of 1.2 was used because it seeméd satisfactory for the elastic
case. The only difference between cases 3 and 4 was that the load increments were
half as large for case 4. Points plotted in Figure 14.3 represent load steps.
Plasticity was reached in the load step from 45.5 psi to 49 psi. For a ring every
element becomes plastic at the same time. There is no way to redistribute the load
to lower stressed areas and the ring here consequently buckled at about 51 psi.

Note that the step sizes are considerably smaller for the two plastic cases than
for the elastic cases. 1In general this is necessary because of the path dependency
of the plastic behavior of materials. The user will have to determine the sensitivi-
ty of his model to load step size.

The cost of running case three at current rates, using priority two, was $17.10.

This was for nine successful load steps and a total of twenty iterations.

14.5 MISCELLANEOUS OBSERVATIONS

Experience with this and other models has led to several observations that may
save the user time and expense:

1. It is advantageous to have some a priori knowledge of the buckling shape of
the model. This allows modeling a fraction of the structure and applying symmetry
boundary conditions to one or more edges. It also helps the user to decide the
number and distribution of elements required to accurately model the anticipated
shape. For example, if an axisymmetric cylirder is expected to buckle in two circum-
ferential waves, only a ninety degree segment must be modeled. Symmetry boundary
conditions are then applied along the zero and ninety degree generators. The numder
of elements required in the ninety degree segment would of course depend on the
element type used. It appears that for element type 20, six elements give the proper
buckling load while three elements will give a buckling load about five percent
higher.
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2. During a nonlinear analysis the program currently monitors the displacement
at a degree of freedom specified by the user, always in the first substructure.
During the early loading, when the response is essentially linear, the monitored
node will displace in one direction. However, when the model starts to assume a
buckled shape, that node may very well start to displace in the opposite direction.

For example, initially a uniform ring will displace radially inward at all
points when subjected to pressure loading. As a two wave buckling pattern starts to
form, the incremental displacements for some points will continue to be radial inward
but other points will start to move outward. If one of these latter points is being
monitored, the convergence will be relatively slow at the load step where the incre-
mental displacement changes sign. Therefore, to avoid needless iterations, if
possible choose to monitor a degree of freedom whose displacement does not change
sign as a buckling pattern develops.

3. 1t appears, from experience to data, that the nonlinear buckling analysis
of cylindrical shells requires the perturbing influence of either small point loads
or small coordinate modifications. It was initially supposed that the nonaxisym-
metric deflection induced in the shell by attached nonaxisymmetric internal structure
would be enough to produce nonlinearity, and then buckling, but such was not the
case. It was not until the shell coordinates were perturbed that the expected

response was produced.
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Figure 14.1 - Material Curve for Nonlinear Example
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PERTURBING
LOAD SUBSTRUCTURE 1

&z
it
o

u=

SUBSTRUCTURE 2

RADIUS 20.0 in.
WIDTH 2.6 in.
THICKNESS = 0.4 in.
E =30 x 10" psi

= —.d_u.—
v=103 v=gg=0

Figure 14.2 - Model for Nonlinear Example
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